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PEEFACE 



rpmS SUPPLEMENT brings the Record of Chemical Discovery 
down to tlie end of the year 1872, including some of the more 
important discoveries which have appeared in 1873 and 1874. 

The Author has much pleasure in stating tliat he has been favoured 
with the assistance of two of the former Contributors to the Dictionary, 
and of three other gentlemen, who have contributed articles of grcfit 
interest and importance. The following is a list of the Contributors 
and of the Articles which they have WTitten : — 


If. 15. AKMSTKONG, Pii.D., F.C.S., Fuokbssoe or CiiKMisTitr at tub London 
Institution: 

— Sidph ur Chlorides. 

(>. C. FOSTER, B.A., F.K.S., Pkofkssok of Physics at Univeusity Collkoe : 
Mafftic/ism. 

If. NEWELL MARTIN, M.R., D.Sc., B.A., Fellow and Lectuhkh op Christ’s 
Coi-LEOB, CAMnitlDOK : , 

Dufcstmi. — Gastric Juice. — Gly^cn. — Muscular Tissue. — Troteids^ Jtespira- 
tirm . — Urine. 

II. E. ROSCOE, Ph.D., F.R..S., Professor of Chhmistby at thb Owe^s Collboe, 
Manchester : 

Lifjht, Chemical Action of. — Spectral Analysis. 

ROBERT WARINOTON, Esq., F.C.S. 

Fodder. — Maize. — Midi, — Manure. — Millet, — Oats. -Root-crops, 
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SECOND SUPPLEMENT. 


A 

ABZBTEXrE. A hydrocarbon obtained by rllstilllng tlio rcsinons exudation of 
the nut’ pine {Pinvs mhiniana\ indigonous in California. It has a specific gravity of 
O-fiOJ at 15°; distils nlinost constantly at ubont 101°; is nearly insolublo in vatcr, 
blit (lis.soIvcs in 5 parts of alcohol of 1)5 p. c. It burns -with a white smokeless flame, 
and dissolves fixed and volatile oils, except castm*-oil. It has a pungent odour like 
that of orange-oil, and its vapour po.sscsses powerful an.Tsthetic properties. It is 
al tacked by boiling nitric acid, and gives .substitution-products with chlorine. It has 
not been an/ilygod (Wcnzoll, Vhann. J, Trmis. [3] ii. 789). 

ABZETXC ACZDi Sec CoLoiniOMY. 

ACACXAt The seeds of tho Accu^ia nihticai fin arborescent leguminous plant, 
common iu Mgypt, have boon examiuod by 0. Popp (Arck Pluirm, [2] cxlv. 140). TIio 
tree produces innumcrahlo leathery pods, which ripen in March. The ripe seeds firo 
exlrcnioly liard find horny, but become soft by soaking in hot water. They arc similar 
in composition to bofiii.s and poos, find might probably bo used for food; in tho dry 
stfito they yield from 5*3 to 5'5 p. c. nitrogen. The iinripo pods give P8 to 2’0 p. c., 
tlie ripe pods 1*0 p. c. Tho ash of tho seed has the following composition: — 

K^O Na=0 CaO MgO Fo=0* SO’ SrO’ Cl CO* 

33-39 6-30 14*21 12*10 061 16*23 3*65 1*81 0*35 12*11 = 99*82 

ACEDXAMXNE. This name was given by Streckcr to a base the hydrochloride 
of which Wiis said to be proilucod by tho action of gfiseous hydrogen elilorido on fused 
ficotaniido (i. 2). Tawildiirow, liowovor (PeuL Clicm. Qcs. Per, v. 477), oljtaincd 
by tills refiction nothing but a mixture of Siil-ammoniac and hydrochloride of diaceta- 
mid(! ; neither did lie succeed in forming acodiainino by tho action of sal-ammoniac 
on acotamido, or of amnioiiifL or ammonium iodide on acetouitril, 

ACBITAPHTHEIXE. Sco Naphthalene. 

ACETAXi, CIP — CH(OC-IP)*. — ^Wlicii bromine is added by drops to acetal in 
a c/)olod vessel, and tho product washed with Wfiter and alkalis, a licavy, extremely 
pungent oil is obtained, which, when purified by fractional distillation, yields mono- 
bromacotal, Cir-Br.CH(OC*IP)’. This comiwund in tho pure state has a not 
unpleasant odour ; itisinsolublo in water, andboil.s, with slight decomposition, at 170°. 
Treated with alcoholic potash at 160°-180° for twelve hours, it is converted into 
hydroxyl-acotal, or glycolacetal, CH'‘^OH).ClI(OOTP)*, a colourless, fragrant 
liquid, boiling, without decomposition, at 167°. Vapour-density, ohs. = 66*61 (11= 1), 
calc. = 67. 

Glycolacetal is completely destroyed at common temperatures by strong sulphuric 
acid and by gaseous hydrochloric acid; glacial acetic acid does not act upon it in Gio 
cold; but at 100® slight browning takes place, and at 120° the? decomposition is com- 
plete in a few hours. The product contains a body which has the odour of aldehyde, 
gives a specular deposit with silver nitrate, and, when treated with hydrogen sulphide, 
forms oily drops having the characteristic smell of sulphaldehydo; but it has not been 
obtained in sufficient quantity for satisfactory investigfition. 

EthyliG Glycolacetal, or Glycolacetal ether, CH*(OC»H»).CH(OC’*H»)», obtained by 
the action of a concentrated solution of sodium otbylate at 160° on bromacetal# is a 
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2 ACETAL— ACETAMIDE. 

liquid having an agreeablo odour, boiling at 164°, and ciitiroly destroyed by strong 
adds. 

Dt^ihylw GlycolacctaU CH(OC-II®)®.CH(OC-lP)®, corresponding to glyoxal, is 
obtained in like manner by tlio action of sodium othylato on dichloracetal ; it boils 
at about 180° without tlecoin position, and is cutinsly destroyed by strong acids 
(Pinner, Bcut. Chem. Gen. Ikr. v. 147). 

Trlcbloracetalf C“]1"C1=‘0. — Of this compound there are two modifications : ono 
of which, solid at ordinnry toinpcraturcs and melting at about 72°, was obtained by 
Paternci, in 1868, as a secondary product in the preparation of dichloracetal by the 
action of chlorine upon alcohol (l.s'^ HuppL 4) ; while tho other, which is liquid at 
ordinary temperatures, is obtained by heating tetrachlorothyl oxide, CCP.C1I(0C'^JP)C1, 
with alcohol in sealed tubes (Wnrtz a. Vogt, Compt. rend. Ixxiv. 277. — Patorno a. 
PJsati, Gazzetia ehimica itcdimia^ ii. 8;i3). This latter modillcation is a transparent, 
colourless liquid, having a pleasant odour, much like that of diclilorncettil, boiling at 
199°-201° (Wnrtz n. Vogt) ; at 204-8° (con*.), under a pressure of 758’9 mm. Sp. gr. 
1*2813 at 0°; l-2fi5r> at. 22 2°; 1*617 at 99-96° (Patorno a. Pisati). 

Tho mode of formation of the liquid trichloracctal shows that it has the constitution 
CCP.CH(OCTP)^- 

+ HOC»H» = UCl + 

Tctrachloretlij 1 oxide. Alcohol. Tricliloraeetul. 

which is coufirrned by tho mode of decomposition of tho compound when heated with 
water or with sulphuric acid, tho products of which, according to Wm-tz a. Vogt, are 
alcohol and chloral : 

+ IPO = 2HOCW + CCP.CIIO. 

Tho solid Irichloracotal appears also to yield cliloral when Inintccl with snlphuric 
aeid; at all events, tho distillate, when heated with potash and a small quantity of 
aniline, gives oif the characteristic odour of tho carl)arnines (isocyanides), a result 
which indicates tho forfliation of chloroform, and thereby tends to show that tho 
product of the action of sulphuric acid on trichloracetal i.s really chloral. Nevortlio- 
less, Patorno a. Pisnt i do not regard their experimonls (whiclj wore made on a small 
quantity of substance) as quite conclusivo on this point, but think it possible that tho 
product of this roactiou may bo dichloraldohydt5, C-C'PJ1.0H0. In this case, tho 
constitution of solid tricdiloracetiil might bo represented by Uio formula : 

CCPJI.CIT{Og2;<^\ or by CCini.CCl 

Tetrachlorothyl oxide is trausfoj’incd into trichloracctal, not only by alcohol, but like- 
■wiso, though much lc,ss complcUdy, by sodi uni othylato, or a very strong alcoholic solution 
of potfi.sh. .If, liowever, tho sanio compound bo treated with a 1 0 p. c. solution of potas- 
sium hydrate in alisoliito aJccjhol, a totilly diflforeiit reaclion tikes place, a molecule of 
hydrocliJoric acid hcirig eliminated, and a compound being fornied which appears to have 
tho constitution CCP CCl — OC'-lt®. Tho reaction tikes pl.nco a t orrli nary temperatures, 
■with abundant deposition of potassium chloride. On dissolving out this salt by water, 
an oily liquid separatos, which, when dried and purified by fractional distillation, boils 
at ir)4*8° (conr.) under tho pressure of 755 mni., has a density of 1*5725 at 0° and 
1*2354 at 99*9°, and gives by analysis 26*45 to 27*53 p. c. carbon, 2-93 to 2'98 hydro- 
gen, and 59*55 to G6*59 chlorine ; tho formula C^IPCPO requiring 27-35 p. c. C., 
2*85 H. and 60*68 Cl. 

This compound unites directly with hroviinc, tho combination being attended with 
rise of temperature, and forms a liquid which, after w.ashing witli water and sodium 
carbonate, is perfectly colourless ; it is much heavier than water, is decomposed by 
distillation under ordinary pressure, but distils -without alteration under a pressure of 
4 centimeters, and boils at about 135°; in a mixture of snow and salt it solidifies to 
a crystalline mass which melts at tho temperature of tho air. 

This clilorobrominatcd compc>und probably has tho constitution represented by tho 
formula CCl*Br — CClBr.O.C-TP. It is violently attacked by concentrated alcoholic 
potash, yielding a heavy oil, which may be separated by distillation with aqueous 
vapour into the original chlorinated compound, and a substance which is solid at tho 
or^iiary temperature (24°), and well crystallised (Paterni a, Pisati). 

ACBTAIMIXDi:. C*H®ONH». — This compound is formed when acetic acid is 
boiled with potassium snlpliocyanato ; but prolonged heating is necessary to complete 
tho reaction, which mainly takes place as represented by tho equation : 

CKNS + 2(C*H»O.OH) - KH».C»H«0 + COS + C*H»C).OK. 
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At tho same timo, however, acctomtril, carbon dioxide and hydrogen sulphide are 
formed in small quantity by a secondary reaction (Letts, DeuL ClUm, (res, Ber,Y. 669). 

Acetamide is easily converted into acctonitril, G-H^N, by tlio action of 
^mtasidphide, Tho decom]x>.sition ])cgins at ordinary temperatures, but heat is re- 
quired to complete it. Hydrogen siilphido is given off, and a blackish tumulied mass 
remains in tho retort. •Similar reactions take placo with other amides (L. Henry, 
Compt. revd. Ixviii. 1273). 

When acebimido is heated to 180° in sealed tubes with orthoformic etkeVy alcoliol is 
formed, together with nccdlo-ahapod crysbils of luetlienyl-diacotyl-dianiino, u base 
analogous to Hofmann’s motlicnyl-diphonyl-diamino : 

{ (CH)"' 

cn(0cm»)» + 2NH2(C»IPO) = 3C=H*0+ N“|(C-IPO)* 


At tho samo time another roaction takes place, yielding acetic other and methonyl- 
diamino, ChPN-, which may bo separated as a platinum salt from tho mother-liquor of 
tho crystals above mentioned : 

CH(OC“n‘)* + 2NiP(C’H*0) = 2(CTPO.OC=n*) + C»H*0 + 

(Wicholliiius, Jhut. Chem. Gcs.Ber. iii. 2; Zciischr.f. Chem. vi. 307). 

Acobamido heated in sealed tubes with lwHj:^oic aldehyde is convextod into bonzy- 
lono diacotamido, C“H*‘N*0. 


G»]p.cno + 

Bcnisoic 

AUlcliydc. 


( NH^.CO.CH^* 
NmCO.CIP 

2 mol. Acctumidc. 


(NH.CO.CH-^ 

C«H'.GnJ + H=0 

Inh.co.ch» 

UeuBylcnc-diacctamide. 


(E. Rotli, Znlschwf. Chem, [2] vi. 680). 

A i)rocisely similar reaction takes place with acetic aldehyde, yielding the compound 
C!n“.Oir(Nir.C'*’H*0)''', whicli crystaMiscs in largo prisma melting at 169° and dis- 
tilling with partial docomposition. On heating it with acids, the aldehyde is set free 
(Tawiklarow% l)cut. Chem. Ges. Bcr. v. 477). 

Acetamide heated for some time to 128°- 180° with miisaldelfyde, yields a compound, 
C'*T.T*‘^N-0^ which forms nodular groups of needles melting at 180°, soluble in water, 
insoluble in alcohol and (jther, decomposed by hydrochloric ncid, with separation of 
aiiisakhshydo, not altered by potash-ley, even at boiling heat (A. Schuster, Zeitschr. f, 
Chem. [2] vi. 681). 

Acetamido heated with snlicylol in various proportions, yields a yellow neutral 
substance insoluble in alcohol, and conhiining, after washing with alcohol, from 63'3 
t« 68'5 p.c. carbon, and 5*7 to 8*1 hydrogen ; it is soluble in aqueous and alcoholic 
potash, and hydrochloric acid luldcd to the solution tlirow'S dow’ii a reddish-brown 
spongy siibsliiiico. Strong hydrochloric acid decomposes it with red coloration 
(Jj, Crodner, Zeitschr. f. Chm. [2] vi. 80). 

Acetamide unites directly with chloral^ forming the crystfilliiio compound C’‘*H^NO. 
CHCPO. OSeo Chloral). 

AVJicn .acetamide is Jieatod with sodium ethylate, both being perfectly dry, iimmonia 
is given off', and a cTystnllinc residue is left, which is decomposed by winter, yielding 
ammonia and acebito of sodium. AV'hen a solution of acotamido in -sliglitly warm, 
absolute alcoliol is added to a cold viscid solution of sodium ethylate, largo plates of 
Bodiiiin ethylate are deposited, enclosing fcatliery crystals of acotamido (W. N. Hartley, 
Chem. Soc. J. [2] xi. 991). 

piacctamidcy (C*H*0)-NH, is formed by heating equivalent quantities of acetoni- 
tril and acetic acid to 260°, or by heating acetamide with acetic anhydride to 260° 
for six hours. It melts at 59°-60°, and boils at 216°. By heating with zinc chlorido 
it is resolved, without evolution of gas, into acctonitril and acetic acid: 

(C*H»0)“NII - C=H»N + C»H«0*. 

(Linncmann, Wini. Akad, Ber, lx. [2] 44 ; Jahresh, 1869, p. 601). 

According to Wichelhaus (fimt. Chem, Ges. Bcr, iii. 847 ; Chem, Soc. J, [2] ix. 407)* 
tri acetamide is also formed in small quantity when a mixtiiro of acetic anhydride 
and acctonitril is heated above 200°, and may be dissolved out by ether, after the 
excess of acetic anhydride has been removed by distillation. It crystallises in small 
wJiito ffexible needles, very much like diacctamide, and melts at 78°-79° (dia- 
cotamido at 74°-76°, acetamide at 78°). Diacctamide and acetamide treated with 
silver oxide in tho cold, dissolve and form peculiar salts ; whereas triacotamide 
at first forms no such compound ; when gently warmed, however, all three yield 
silver acetate. Acetamide retains its odouf when dissolved; diacetamide, under 
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tho same circumetancos, gives an acid reaction, and triaceiamido is neutral. Diacetn- 
mido treated ivith phosphoric anhydride, yields ucotoniti'ii and acetic acid or aiiliy- 
drido. 

Chlorinated Acetamides are prepared hy allo^ng the cthylic other of the 
corresponding chloracctic acid to remain for sonio days in contact with juinoous am- 
monia. Th(j iimido.s thus produced are hut slightly soluhlo in water, their solubility 
decreasing .is tlie degroo of chlorination becomes greater. By distillation with phos- 
phoric anliydrido they arc converted into the correspoiiding chloracoto-niLrils : e.g, 
C'llCPO.NlI® — H-0 = C-HCr-’N (L. Bisschoppinclc, Dcut, Chem. Cies. Her, vi. 
731). 

C-H.®C10.N1I^ melts at 11G°, and when subjected to a pres- 
sure of 743 mm. boils, with pjirtial decomiTo-sition, at 221°-225® (Bissclioppinck). 
According to Monsohutkiu a. .fcrmolojcw {Zntschr. f, Chrm. [2] ^ 0), it cry.s- 
tullises in thick prisms, easily soliiblo in alcohol and water, especially when bill- 
ing. It melts at 119-5° and solidifies at about 11G°; sublimes very easily, even at 
the tomporaturo of the water-bath, in broatl, larg<j nec^os; and distils in very small 
quantity, apparently uudecomposed. Alkalis and baryta-water readily evolve ammonia 
from it on warming. 

The mercurg~co7nj[iotindj (C®H*C10.nN)*Hg, is formed by adding precipitated 
mercuric oxide to an aqueous solutjon of chloracctamide so long as the colour chanpes 
to white, then adding a largo quantity of water, boiling, filtoritig, and exhausting the 
residue with boiling water. Tho air-dried compound does not lo-so -weight over oil of 
vitriol, but begins to decompose at 100°. The compound is deposited from solution in 
fine neotllcs or in warty masses made up of small needles. It dj.ssrdve.s with groiit 
difficulty ill boiling -water, and is nearly insoluble in cold water. When it is heated 
to 170°, a violent reaction occurs ; ehloracetamido sublimes, and mercury and carbon 
aro left behind. The silver-compound cannot bo obtained on account of its instability 
(Meiischutkin a, JermolqjoTV'). 

Dickloracetamidet C*I1C1®0.NH'-®, melts at 96°, and, under a pressure of 74''* mm., 
distils without change at 233°-.234°. Trichloracctamidey C'^CTO.NH*, melts at 130^ 
and boils at 238°-239° under a ju’essuro of 476 mm. (Bisschoppinck). 

lodacciamidc, i.s obtained by treating an alcoholic solution of cblo- 

racetamido with solid potassium iodido for a day at tho ordinary temperature, w'ith 
frequent agititioii, and then evaporating tlio alcoholic solution. The amide crystallises 
from water, in -which it is easily soluble, in fine colourless opaque prisms. When 
heated it melts, turns yellow, and decomposes, evolving fumes of iodine (Men- 
sehutkin a. Jerniolojuw). 

Et hylacet a m i d e, C‘*ri*O.N.TI C'-TP, obtained by dehydration of cthybamino acetate, 
boils at 203°-204°, and is resolved by fusion with zinc chloride into carbon monoxide, 
hydrocarbons, and ammonia (Linncinann). 

Phcngl~accf amide, or Acctanil idc, OTPO.NIIC®H*, prepared from pure anilino 
and glacial acetic acid, crystallises in very thin rliomboheclral laminae, melting between 
II 2° and 113°. It is easily decomposed by boiling dilute sulphuric acid, witii forma- 
tion of acetic ncid and aniline sulphato. 

To detect tolglacetamide (acetoluido) in acctjinili<lo, the compound may bo dissolved 
in 4 parts glacial acetic acid and tho liquid diluted with about 30 parts of water, 
whereupon nearly all tho acetanilide remains dissolved, while tho acet.oluido Kopar.'\te8 
and may bo purified by a second crystallisation from a small quantity of glacial acetic 
acid, or by one or two cry stall i.sations from hot -water. Acetoluido melts at a 
tomporaturo above 140° (Merz a. Wcitli, Zcitschr f Chem, [2] v. 699). 

Sodium-acetanilide^ C*H.*NaNO, is produced by-- tho action of sodium on a hot 
solution of acetanilide in xylene (Bunge, ibid, vi. 119). 

ACBTAMXDS-OBZiOlUiXi. Sec Chlobal. 

ACSTXO AGtDi C*H^0*. — Formation, — 1. By direct oxidation of acotylono. 
■When a mixtiiro of 1 vol. acetylene and 20 vols. air is exposed to diffused daylight at 
ordinary temperatures in contact -with dilute potash-solution, tho greater part of the 
acetylene disappears in tho course of six months, together with a volume of oxygen 
equal to half tliat of tho accEylcuo, and about half tho acetylene thus consumed is 
converted into acetic acid: + O + KHO = C*IPKO^ tho roinainder being 

condensed to a bituminous substance, also containing carbon, hydrogen, and oxygen. — 
The conversion of tho acetylene into acetic acid is more complete when pure chromic 
acid is used ms the oxidi.sing agent. If only .a little -u'ator is present^ the reaction ifl 
sudden, violent,, and attended with considorablo evolution of heat, the products being 
carbonic^ formic, and a variablo quantity of acotic acid. To obtain tho acetic acid 
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puro chromic anhydride must bo added to an aqueous solution of acetylene, and the 
solution left to itself at tho temperature of the air. The liquid then gradually turns 
brown and the acetylene disappciirs, and on distilling and saturating tho distillate 
with barium cai'bonato, perfectly puro barium acetate is obtiined (Bcrthelot, Compt, 
rend, Ixx. 250 ; Ann. Ch. Phys. [4] xxili. 212). — 2. Together with carbonic acid, when 
essential oil of orange-peel is oxidised by boiling with a mixtiiro of poUissiiini 
dichromato and sulphuric acid (Wright a. Piossc, Chnn. tSoc. J. [2] ix. 118, 7). — 
S. Together M'ith several of its homologucs, by saponifying croton - oil with caustic 
soda (Goutlier a. Frohlieh, ZeiUchr. /. Chein, [2] vi. 649). 

Solidijwation . — Glacial acetic acid melts at lG-7°, and boils under tho normal 
atmospheric pressure at 117‘8°. By slow cooling it may ho cooled to 10°-8° 
without solidifying even on agitation. Solidification, howovor, takes place im- 
mediately when a granule of the solid acid is thrown into the liquid cooled to 
holow 16’7°, tho tempcratiiro at the same lime rising to 16*7°. If tlio solidified acid 
bo slowly fused by iimnorsing tho vessel in water of about 25°, aii immersed thcr- 
moiuotxsi* exhibits Iho tomperaturc <»f 1G'7° so long as any considerable quantity of tho 
solid acid remains unmeltijd : Uie melting and solidifying points of the glacial acid 
are therefore identical. 

When a inixturu of glacial acetic acid and w.ater is cooled, it docs not solidify as a, 
whole, but tho acetic acid crystallises out^ leaving the water licjuid, just as a salt 
separates <ni cooling from a saline solution. In dctorrniiiing Mio solidifying point of 
aqueous acetic acid of given strength, it is necessary — since tho separation of a largo 
quantity of acetic acid would alter the* proportion between the acid and water -to take 
care that only a small jiortion of acetic acid se|)aratefi out. Tho best way of ensuring 
this condition is to cool the liquid about a degree below the approximately determined 
solidifying point, tlien throw in a granule of tho glacial aeitl, and stir with a delicate 
thermometer. The temperature then rises to the solidifying poijit of the mixture, 
Tho results of experiments made in this manner are giveji in tho following 
table : — 


loo parts, by weight. 

100 parts, by weight. 

Teraporaturo 

of Acetic Acid mixed with : 

oI tbo iTti.'etm'e contain : 

of iSolidificaliou 

0*0 Water, 

0-0 Water. 

16‘7° C. 

0-6 „ 

0*497 „ 

15*05 

1-0 „ 

0*990 „ 

14*8 

1*6 „ 

1*477 „ 

14*0 

20 „ 

1*901 „ 

13*25 

3*0 „ 

2*912 „ 

11*96 

40 „ 

3*840 „ 

10*6 

60 „ 

4*761 „ 

9*4 

6-0 

6*660 

8*2 

7*0 „ 

6*642 „ 

7*1 

80 „ 

7*407 „ 

6*26 

9*0 „ . 

8*267 „ 

6-3 

100 „ 

9*090 „ 

4-3 

ll’O „ 

9*910 ,. 

3*6 

120 „ 

10*774 „ 

2*7 

160 „ 

13*043 „ 

0*2 

18*0 „ 

15*324 „ 

2*6 

21*0 „ 

17*366 „ 

6*1 

24*0 „ 

19*364 „ 

7*4 


This table shows that tlio proportion of acetic acid, especially in tho more highly 
concentrated aqueous acid, may bo determined, by means of tho solidifying point, to 
within l-lOth p.c. — a degree of necumoy not attainable by any other method yet proposed. 
Other substances act like water in lowering the solidifying point of acetic acid, c.g, 
sulphuric acid, alcholiol, and cerUiin salts which dissolve in the acid. From a mixture 
of 1 00 parts acetic acid (C'‘*I1^0*) and 0’6 sulphuric acid (H'-’SO^), the acetic acid solidifies 
at 16'4® ; from a mixture of 100 acetic acid and 1*8 alcohol, at 16’25°. Tho action of 
water may, however, bo partly counteracted by addition of sulphuric acid. Thus, from 
a mixture of 100 parts acetic acid and 10 parts water, the acetic acid separates at 
4*3° ; but if 2 parts of sulphuric acid are added, solidification takes place at 6*8° ; and 
from a mixture of 100 acetic add, 10 water, and 20 sulphuric acid, tho acetic acid 
solidifies at 107°. 

Tho solidification of puro acetic add may bo exhibited with certainty, oven in 
rammer i namely, by immersing tho vessel in cold watesr at about 10° or 12°, throwing 
In a fragment of tho glacial add, and agitating, whereupon tho add immediately 
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solidifies. A small quantity of the solid acid is very easily obtained by stirring a 
mixture of cold water and sal-ammoniac .ammonium nitrato, or potassium sulphocya- 
nate, with a test-tube containiiig a few di'ops of the liquid acid. The low tempera- 
ture thereby produced causes the acetic acid to solidify (F. Kudorff, Bctit, Ckem, Ges, 
JBcr, iii. 390). 

Vapour-densiti/. — Horstmann (Deut. Chem. Gfs. Bar. iii. 78) has dotermiued t]ui 
density of saturated acetic acid vapour by calculations based upon the weight of 
acetic acid which can bo taken up by an uncondcusablo gas at a given temporaturo. 
Let V bo the volume of the gas at 0® uud 760 min. At tlio temporaturo and 
barometric pressuro P, this volume, after the gaslins become saturated with acetic acid, 
vapour of tension p, bocomes 

TT ^ 273 "f* ^ i 60 

° ‘ y 

V is also tlio volume of the vapour tfikon up at t under the partial pressure p. If, 
then, d denotes the specific gravity of this vapour, its weiglit W will bo given by the 
formula ; 

W •= V — 1. . 0-001203 A 


= • 0-001 203 

P—p 


whence 


A = ^n p-r) 

V^. p . 0-001293 


The mode of experimenting was as follows : — A measured volume of dry air was 
passed first througli a fiask containing acetic kept at a lomporaturo somewhat above 
that at which the observation was to Ijo made, then througli a long tube containing 
glass beads moistened with acetic ju'id. This tubo was laid in a largo water-bath 
with several walls, the temporaturo of whicli could easily bo rogiilated and kept 
constant. The tompc'raturo of the stream of gas was moiisiirod at the point where the 
gas, while still w'ithin l,ho bath, pa.ssod over into the absorption api^«iratus, wlicro the 
acetic acid was taken up by potash. Any water-vapour that iniglit bo given off from 
the potasli solution was stopped by calcium cbloride. In calcuhitlng the results of 
the experiments, the determinations ot* the vapour-tension of acetic, acl*] mado by 
Laudolt {Ann, Vh, Pharm. Snppl. vi. 107) w'ero made use of. I'hese. deti rujinations 
refer to acetic acid evaporat ing in avaeuum. wberwis llurslnmnirs refer to r va[>oi’ation 
in air; but direct cxpiirimeuts showed that tlio errors thence arising wore incou- 
siderublc. 


Density of Saturated Acetic Ac4d Vapour, 


Temperaturo 

Teuton 

Density 

Tciuiperatiiru 

Tensiun 

Density 

12-4° 

13'5 mm. 

1*89 

27*6® 

26*5 mm. 

2-46 

12-7 

13-7 

1-96 

33-3 

.33*4 

2*58 

14-7 

15'1 

1*78. 

38*5 

41*5 

2-72 

15*6 

15*6 

1*98 

38*5 

41-5 

2-79 

17*4 

16-8 

2*09 

41*6 


2*75 

20-2 

19-0 

2*28 

48*7 

63*0 

2*98 

21-5 i 

20-4 

2*24 

.51*1 

69*0 . 

3-J(i 

22-6 

21-2 

2 29 

59*9 

97-0 

3*72 

250 

23*5 

2*42 

620 

109-2 

3-11 

261 

25*0 

2-32 

63.1 

1000 

3*19 


Ilenco It appears that for a pressuro of about 20 mm., acetic acid lias, even nt 
ordinaiy temperatures, nearly its normal density (2-08). Tho lower values obtiiinod 
in a few cases arise fi-ora uncertainty in tho measurement of tho tension Below 17° 
the results were vitmtodliy the solidification of tho acetic acid, and above 60° constancy 
of tomperaturo could not bo effectually maintained. For tho boiling point 02001 
Horstmann. from former experiments {Ann, €h, Pkartn, Smypl vi. 66), Imd estimated 
the density of eatuvatod acotjc acid vapour at about 3-3. It does not therefore appear 
to increase much after 60®. 

^ Nauraann has alw examined tho vapour-density of acetic acid vapour with tho 
following results 1 . At a constant temporaturo tho quantities of acotic add contained in 
the unit of volume incroase in greater proportion than tho prasauros,— 3. Tho density af 
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acotic acid vapour, roforrod to tiiat of air at the saino pressure and temperature, 
doeroasos for a given quantity of the vapour in tho unit of volume, as the tempcKi- 
l.uro rises. Kow, as tliis density must bo the same for difiForent tomporatures if tho 
\:ipoiir of acetic acid at those dilTeront tomporatures wero coinjxised of similar 
inolociilcs, it follows from tho second of the procodiug propositions : 3. That tho 
iiioleeules of acetic acid vapour arc not similarly constituted at all tcimporatiiros, but 
that a given quantity of acetic acid forms a smaller number of molecules at low than 
at liigh tomporatures. — 4. It must also bo supposed that, as the mean distances between 
the inoleciilos increase, tho attraction betwoon them likowiso diminishes (Ann. Ck. 
Vharin. civ. 325) : (Dmt. C?ie?n. Ges. Her. iii. 702). 

Ueactionif. — Acodc acid and pftosgem act on one another at 110-120®, producing 
acetyl chloride ; 

CIP.COOII + COCP = CH=«.COCl + HCl + CO^ 

(Kompff, J. pr. C7ir.ni. [2] i. 402.) 

Acetic acid Jioatcd under pressure to 130®-1 10® with plicnyl sulphocyanaiet forms 
plioiiyl-diacetamido, together with carbon dioxide and hydrogcji sulphide: 

CS.OIP.N + 2(C-IPO.OIT) = N(0«3P)(C2rP0)= + CO^ + ffiS. 

(Hofmann, J)eut. Ciiem, Ges. Her. iii, 770.) 

When acetic acid and henzoic .aldehyde aro heated in a soelod tube to 1 GO®, tho 
t ube then opened and liydrochl(>ri<3 acid gas passwl into the liquid, or zinc chloride 
aildcd to it, the sides of the tube become covered with small shining crystiils of cin- 
namic acid, another portion of vvJiit-h remains in solution: 

C’lP.cHo + cii^.cooir = Cfin*.CHP.cooH + n^o. 

The quantity of ciiniarnic acid thus obtained is, however, but siunll, pari, of it being 
(lo.coni posed by the furl her action of tho hydrochloric acid or zinc chloride, with Ibrma- 
tioii of melacinnainQiie (SchifF, Beni. Cliemi. Ges. Her. iii. 412). 

Metallic Acetates. Kespccting tlio action of acet<itc.s upon lead-salts, sea 
InSAD. 

Votassium Acetate^ dcMmposcd by tho electric current, yields at the positive 
polo — besides dimethyl or ethane, and carbon dioxide — ethylene (formerly mistaken 
for nmlliyl oxide, i. 17) and a mixt ure of tho vapours of motliyl formal^*, acetate, and 
carbonate, w'liich condeiiKe when tho dried gaseous mixture is passed through a tube 
cooUsd by a fi'oazing mixture. I’lio etliylone appears to b(» foriut'd l.py oxidation of Mkj 
filhaiii', according to tho equation C‘IP 4- O (J'-JP + 11-0. The liydrogcn 
evolv(!d at tlio negative polo burns with a di.stirictly lunjiuoiis llame, possibly duo to 
tho presence of traces of acetylono (Kempt a. Kolbo, J.pr. Cltcm. [2] iv. 46). 

Sodium Acetate . — When cry.st.alliscd sodium acetate, C-IPN^aO-H- 3H-0, ismolfod 
in a lla.sk and the liquid heated to its boiling y)oint (120®-123®;, tho 11a sk closed 
with cotton-wool while the liquid is boiling, and then left to cool, cry.staljisation takes 
place wlnm tins liquid is nearly cold, tho crj’^slals, wdien drained from the inothcr- 
Jiqiior, having the composition 2C*lI^NaO® + 5II"0. Thus© cryetiils molt at about 
126®, and the liquid on cooling yields crystals which, after draining, consist of the 
Dionohydrato, + IPO. Sodium acolato, melted and boil<'d for a. low s( ■ennuis 

*J>dy, yielded, on cooling, crystals, which gave by aualy.sia numbers agreeing w itli tho 
formula 4C“lPjVaO“ + 9H=0; and by a second molting crystals wore I’ormod con- 
taining 4C*JP!NaO* + 6ir*0 (Zettnow, Vogg. Ann. oxlii, 306). 

WJmn an aqueous solution of sodium acotato turns mouldy, oxygen is ab-sorbed and 
a small quantity of alcohol is formed. A solution of 300 grains of pure c.ry.staUi.sod 
sodium acetate, loft to itsolf from Peb. 4, 1864, to May 20, 1868, had lost 6’85 grains 
of acetic acid, and yielded 0'6 cub. cent, of (pure) alcohol. A small quantity of 
fornde acid was also produced (Bt^champ, Zeiischr.f, Cimn. vi. 438). 

Uranium Acetates.-^Uranio-cobaltous acetate, Co"(C=HW)® 2(U0=)''(C®H30=)2 + 
6 aq., forms small yellow-brown dJmotnc ciystals, which at 130® give off all their water 
and turn violet (Kammelsborg, Pogg. Ann. cxlv. 158). 

Umnic-cuprio Acetate, Cir(C®H*0*)= 2(UO-)"(C*IT*0=)® + 4aq., is precipitated from 
a mixture of the two salts in green crystms belonging to the hexagonal system 
(llammelsberg). 

Aloobollo Aoetates. Acetic Ethers. — Ethyl Acetate. — Thp statement of Wanklyn 
(Is^ Suppl, 15) that the action of sodium on ethyl acetate is notaccompaniod by evolu- 
tion of hydrogen, is corroborated by the experiments of Ladenburg (J)eut. Chem. Oes. 
Her. iii. 305). Ho finds that acetic ether prepared in the ordinary way, then loft for 
several weolu over calcium chloride, and ^stilled oyer recently fused calcium chloride 
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—whereupon it passes over at 72®-74i®— « npt puwJi inasmuch as when heated in 
sealed tubes to 200^ . and then distilled; it leases a residue which boils above 80° has 
a sour taste, a distinct odour of vinegar, and offbryescos with sodium carbonate. 
Acetic ether, purified in tlio ordinary way, is attacked by silicium chloride only on first 
contact, and the mixture may then bo hwited to 120° without any further action taldng 
place. Acetic ether wliich is no longer nltorod by silicium chloride is likewise not 
attacked by (metallically bright) sodium at ordinary temperatures, and only a few 
whito specks are observed on tho sodium ovoaaffcer several hours’ boiling. When sodium 
is heated to 100° in a flask with acetic other (purified as above, and freed by distilla- 
tion from tho greater part of tho silicium chloride), tlio action begins only after several 
hours' heating, and only once in several experiments was a very small quantity of 
combustible gas obtained. Acetic other freed from -water and alcohol by means of 
phosphorous tricliloride is likewise not attacked by sodium till heated nearly to 100°, 
anti no gas is evolved. Hence it is inferred that the action of sodium on •■icetic oLlior 
takes place only at a tomperaturo mucli higher than is generally supposed, and is n«jt 
attended -with ovolatiou of hydrogen. 


Trilumc Acetic Efiicr, C-IP(OC‘-'Tl*)*, is formed wlicn sodium ethylate, free from 
alet)hol,is inixid with the calculated quantity of dichlorethyl chloride, U-lPCl* (boiling 
at 72°-75°), and a volume of anhydrous ether at lea.st equal to tliat of tlio sodium 
ethylate, and heated te 100°-120° in a sealed tube till tho solid sodium ethylate is 
converted into pulverulent sodium chloride (in about 12 hours). On opening the 
tube a gas escaped, probably C=H-‘Cl, and on dissol-viiig out tho sodium salt«\vitli 
water, .shaking tins ethereal layer with twico ite volume of water, drpng with ciiK-iiini 
chloride, and distilling, there were obtained —logethor w^ith ordinary acetic ether— 

boiling at about 122°, and iribasic lurfio 

ciher^ C-H.''(OC‘'lf®)'*, boiling at 142°. 

The monocliloroxethyleuo (not quite pure) liad a specific gravity of 1‘02 at 22°. 
It is a colourless combustible liquiil, insohibloin water, and having a peculiar agreeable 

Tlio tribasic acetic ctlior, still containing 10'2 p. c. of moiiochlorexotliyl-othyleno 
had a sp. gr of 0-94 at 22°. It is a colourless combustible liquid, having a peciiliai 
agrooablo, otlicroal odour, not like that of ordinaiy ethyl acetate. Heated with water 
docomposod into alcohol and acetic acid (Ooiithor, Jcnaisch 
* ActisciiTiJ iv. 221 ; Jethreab, 1870, 6t3G). 


• C»]I'''0’=CIlK3H=CmC-n’0*, obWnod by aigostins Iho 

lodido wi^Lh silver Metato, boils at 102“ (bar. at 750 ram,), aud has a soocific 
gravity of (l-Jia at 0» (Itossi, Am,. t% IVmrm. clix. 70), ® 

Amyl Amtatc (aomaO C’ll'.'f =CU=Cn=CII“OU''CIl».CsnW, was propai-od by 
mixing normal ainyl mdido with silver avetato and glacial acetic acid in a fla.t 
cooled with 100, the reaction which takes jiUico Biioiitauoously on removing tho 
vessel from tlio leo-hath being completed by application of a gonthj Ijcat The 
resulting amyl acetate, after purification in the rnsnal way, Imd a sp -t of 'o-89fi3 
at0O, 0.8792ut 20“ O^SOW at 40-, and boiled at i48-4° (ol.sorved': ^rrjiilimf fo? 

pressure of 737 mm. (Liebena. Hossi, 


sodium acetate with tollyleno chloride to lo0° forms hard shining lamina^ liavinir a 
hot camp lorous teste, easily soluble in alcoliol and ether, lly dislillatioa it appefra 
to yield tho monoacctato (Gninaux, Compt, rend, Ixx. 13G3}. 


Substitution-derivatives of Acetic Acid. 

Bmnacetic Add, C^IHBrO*, is formed when monobromacetyleno, mixed with an 
indifferent gas, comes in contect witii nioi.st air, or when its alcoholic solution is ex- 
posed to tho nip : C^HBr + H-0 + 0 =iC-II*BrO-. 

^^omacciio Acid, is produced by tho action of bromine on ethyl aceteto 

at 130 , much more easily than by ti-oating acetic acid with bromine. Tho'^reaction 

IS ! 

C*H*0*.C®H“ + Bt< = C»H»Br»0*+C*ffBp + HBr, 

(Carins, Dml, Chm. Get. Her. iii, 336.) 

^eid, CWOlO’^This acid, when heated with water, gradually docom- 
the more qureUy as quantity of water is greeter and the temperaturu 
higher, A solution of the acid contammg 0-324 gram CBI*C10» in 10 c.c. of liquid 
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and corresponding with the formula > 1840^., was found to remain unaltorod 

for four ntonths at ordinary tompGroturo'; t>ttt, when it was enclosed in a sealed tube, 
plunged into boiling water for yarious times, and^eii cooled as quickly as possible, it 
was found, by tritiiration with a standard solution of soda or luiryta., to have undergone 
decomposition to the extent sliown in the following tabic. 

I. represents the number of hours tlio solution was hoated ; II. tlio pcrcontago of 
C-H“CiO* decomposed:— 

I. 0 2 4 6 11 14 16 18 21 24 27 30 

II. 0 0 6 0 11-0 14-5 23-0 28*0 31-5 35*0 38-0 42-0 45 0 61 5 

I. S3 37 43 48 72 96 120 141 192 332 430 

II. 53-5 66 0 62-5 66 0 76*5 82*0 87*5 90*5 93 0 97 0 97’5 
(Bucliaiian, J)eug. Chem, Ges. Bcr. iv. 340). 

Phenyl cMoracctaic, C''*n‘.C-'IPC10“, is obtained by Iicating phenol with chloracetyl 
chloride; it forms silky glistoiiing needles, melting at 40’2'^, insoluble in water, 
soluble in alcohol and ether. Heated with alcoholic ammoniii in .a scaled tube, it is 
foiwerted into phenyl amidacotato, OH^O®1P(N'11*)0®, w'hich crystallises in 
white noodles, soluble in water, almost insolublo in alcohol and ether (E. W. Provost^ 
J. pr. Chem. ( 2] iv. 379). 

Wliori an alcoholic solution of ethyl cMoracelate is heated with potassium nitrite, 
potassium ethyloxalato is formed according to the equation : 

C»IP.C-JHC102 + 2KN02=KC1 + H-0 + N*0 + K(CTP).C*0* : 

(Sl oinor, I)i vl. Chem. Ges. Ber. v. 383). 

Dlcbloracetlo Acid. C-H-CPO^ — Wlien othyl dichloracetato is digested at a tom- 
peraturo below 100” with a solution of potassium cyanide in dilute alcohol till it no 
longer smells of hydrocyanic acid, the liltorcd liquid, after seimratioii of the alcohol, 
sliaicf'n up with ether, and the (jtheroul solution evaporated, a substance is left which, 
after crystal lisation from alcohol and water, is scentless and tasteless ; molts at 
190° 191”; has a neutral reaction; is very soluble in ether, moderately soluble in 
alcohol ; tlissolvos readily in hot, slightly in cold w'ator, and crystalliais from the 
sitlulion in lu'isms. Its aqueous solution is decomposed by potash in the cold, with 
(ivolution of ammonia. 

I'lie crystalline compound has tlio composition and may bo regarded ns 

au amidatod ether, Cir(CONIP)®.COOCHP, derived from an unknown acid,CH(COOIl)*. 
It is jjrobably formed by tho action of water in prcsonco of excess of acetic acid on 
ethyl dicyanacetato, produced in tlie first instanco by tho action of potassium cyanide on 
ethyl dichloracetato in presence of alcohol : 

CH(CN)^COOC=H* + 2H*0 = CH(CONIP)* COOC-H* 

Bthyl dicyannccfcatc. Amidatccl Bthcr. 

The other treated with potash yields oxalic, nialonic, and glycollic acids, which are 
also found in tlio aqueous liquid separated from tho ethereal solution of the .amidated 
other iu the course of its preparation (Amato, Ga^seita ckimica italiaimt i. 690). 

Tricbloraoetlo Aoid. CCP.COOH. (Do Clorraont, Compt. rmd. Ixxiii. 112, 501 ; 
Ixxiv. 942; Judson, Zeitschr.f. Chem. [2] vii. 40). — This acid is easily prepared by 
the action of nitric add on chloral or its hydrate. When cliloral liyalrato is put into 
a llask with throe times its weight of fuming nitric acid, and the mixture left to itsolf 
in tho sun, a continuous disongagomont of nitrogen tetroxido ensues, which ceases 
n-t the end of three or four days. On distilling tho mixture, the temperature rises 
rapidly to 123°, at which point a mixture of mtric acid and water distils over; it 
then rises gradually to 196°, and the distillate consists of tho last portion of tho 
nitric acid, together with a small quantity of trichloracetic acid ; tho temperature 
then remains steady at 196°, and tho distillation proceeds regularly so long as any 
acid remains in the retort; tho product is a colourless, transparent liquid, whicli 
crystallises at 44*8°. In ono operation, 300 grams of trichloracetic acid may bo 
duced from 480 grams of chloral hydrate (Do Clermont). 

Tricliloracotic acid boils at 195° (Judson). 

Tho tridiloracotatos of harium^ eirontium and calcium, prepared by adding an 
excess of trichloracetic acid to tho corresponding carbonates, and evaporating at 
ordinary temperatures over lime, have a composition roprosonted by tho general for- 
mula M"(C*Ci*0*)“ + 6H®0. Tho sodium salt, similarly prepared, consists of NaC*Cl*0* + 
3H®0 (Do Clormont). 
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The UaA Fb(CI*Cl*0*)p -t* IPO. erystelliBOB iii luge rhombic prifimB, GAsily 
Bolnble in iirator, Icbb soluble in alcohol, and only aperingly in ether. The capper aaltf 
Cd(C*G 1*0*)*+ 6H^O, fonns fine czyatale, resombbng copper Bolphatc. In preparing 
it an excess of copper carbonate mnst bo avoided, or olse the acid nrill bo decomposed, 
vith production chloroform (Judson). 

The following trichlorocotates have likewiso boon analysed by Be Clermont : — 

Acid potassium salt .... KG-CPO-.C^Cl’UO* 

Lithium salt LiC*Cl»0s.21l=0 

Magnesium salt Mg(C®Cl*0®)*.4lI*0 

Nickel salt Ni(C*Cl»0=)*.4lP0. 

These salts crystallise from solutions of tJie rospectiYo csirbonatcs in tridilOTacetie 
acid. The magnesium and lithium salts roquiro seYcml months for crybtaUisatiou ; 
tlio crystals of both are deliquescent, and those of tlio latter can bfi kept only iu sealed 
tubes. 

Trickloracetate, CH*CH(CH*)*.C*C1*0% obtained by prolonged digestion of 
2 mol, isobutyl alcohol, 2mol. trichloracetic acid,und 1 mol. Kulphuiic acid, dirtilling, 
ashing vith sodium carbonate and 'water, and ibying over ciiloiiim rhloridn, is a 
colourless liquid of agroeublo odour, heavier than vatcr, boiling at 187°-189° (Jud- 
Bon). 

TrichloracetaniUdc, G*IP.G*CPO.HN, may bo obtained by gradually mixing ethereal 
Bolutions of Irichloriicotyl clilorido aud aniliuo : it is insoluble in cold -wntor and dissolves 
very sparingly in boiling water, but easily in alcohol and eth or; iteryslalliscNin silvery 
scales which molt at 82°. Trichhiraeeioluididrt propuroJ by an analognus process 
from toluidino, ecystalliscs in fiuo six-sided prisms, wliich are often an inch iotig and 
molt at 102° (Judson). 

When tricliloracetic acid is gradimlLy adder! to a solution of pata^ainm sidphctr^ 
sulphurous oxide is iirsb given off, then carlx^n dioxido and chloroform. The solution, 
boiled till it censes to sineU of elilomforin, coiitniiis, besides sidphiitx) :ind hyposiilphato 
of potassium, a very soluble salt, CHCI(80*K)(30*K-h lAaq., -winch ciysUilIisos in 
boautiful perfect squarc-Utsed octoliodrons, with tlie basal pinacoids predoininiiling, 
Uko the crystals of potassium ferrocyanido. Theso crysbils romaiii unaltorcd in a 
vacuum over sulphuric acid, but lose water at 100°. Tliu salt begins to decoinposo 
above 165°, and, whonlioiiti^d sudiciently,. swells up, burns with a siilpliiir llanio, and 
leaves a residue of potjissiiim clilorido and sulphate, discoloured by carlNiii. Its solu- 
tion is nut pfecipitutod Ijy Ixiryta-walcr, neutral or basic Icatl acetate, or silvor nilRito. 
This snlutiun is not altorodby boiling witli potasJi, but suffers ^^tirtial decoin position, 
when kept for somo hours at 140°, and if heated to this lempcriiture with X)otaBsiiim 
sulphate, it yields a cornddorablo quantiby of pulnssiuni ehlunde, so t hat the chlorine 
in tlio salt probably bfwonies replaced by hyilrogeii or by the group SO^'K (Katliko, 
{Ann. Ch. Pharm. clxi. 149). 

Ojaiuusetlo Aold. Tlio electrolysis of this acid yields results analogous to 
ihoso of acetic acid itself, the positiro cell Iming found to contain a deliquescent acid 
substance, which is sepamblo by means of other, and agmes in physical and other 
charMtOTS with othylono cyanide, C*II^C*N*, being solid at ardinary temiwratures, 
melting at 37*8°, and being resolved by boiling with potasli into ammonia and ethyleno- 
succinic acid. Tho decomposition may be represented by tlio equation : 

‘ ®{cWH + S’® + 200* + n'O + IP 

being exactly analogous to the olectrolytic docomposition of acetic acid into carbon 
dioxide and dimethyl or otiiano (G. £. Moore, 8iU. Am. J. [3] iii. 177). 

Vhenjl-Beetlo JLald. See Tonuic Acni. 

TbUM 0 tto Aoldp CH*.CO.SH, subjected to oloctiolysis, yields ncetyl bisulphide 
(0-H*0)“ S* (Bunge, Jkut. CAan. Gea. Ber. iii. fi7fi). 

Trlm«t]ijl-Metl€ Acid. Sco Vatjcuic Aau, 

ACBRC BBOMXBB, or AOSm BBOMEDI, C*H»0Br.— When this com- 
pound is heated for somo houiw in a tube to 140°"150°, with an equivalent quantity 
of pbosphoriM pentabromide, bromacotyl bromide, C’‘H-BrOBr is fbnned accord- 
ing to the equation : 

0*H"0Br + PBr* « C*fl^rOBr + PBt* + HBr. 

Tho bzomacetyl bfomido passes over on rectification between lfi0°-166° fSomosadAy. 

CAnn [2] vi.*106). ^ 
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ACETZC CHKOUOB, or AcETTK CH-MSlBii. C^H'OCl, treats iu liko 
manner wth i)hosphorua poutacbloridc, yields chloracetyl chlorido, C“I1®C10C1 
(Samosadsky). 

Trkhlonioetyl Cldonde^ C®C1^0 — G*C1“0C1, is formod by boating di- or trichlorido 
of carbon with sulphuric anyhdrido to 150°: 

C*C1^ + S 03 - 0*01^0 + so« 

C*C1« + 2S0=« - C“‘CPO + S*0*C1* 

(Pnidhommo, Compt. rend. Ixx. 1137). 

liospecting tho conversion of acetic chloride intoothyl alcohol by sodium amalgam, 
BOO ETiiYn A Lconon. 


ACETIC OXIDE or AETBYDEZDE. (C^H^O)^O. Jicaction with Stannic ^cid. 
— Wlicii two parts of anhydrous acetic acid aro heated with otio part of stiinnic (or of 
TTictiistaiinic) acid to 150° in a sealed tubo, a syrupy li(j[uid is obtained, cr^-stiillising 
on cooling in long noodles which, after pressing between blotting-paper and drying 

over lime m vacuo^ have tho formula, ‘^^^“["{ 02 ^ 30 }^^ 


AVaslied with anhydrous ether till tho washings are free from acid, and dried vi 
vacuo, this substanco is converted into a body having tho formula, 0. 

Tho first-named crystals, when exposed to air, become amorphous, and .are finally 
transformed into a vitreous mass having the composition SnO’^^^ O (LawTciice, 
Compi. rend, Ixxiv. 1524). 

Jicaciion with Zinc-cthyl . — Acetic oxide treated "with zinc ethyl in tho nascent stato 
yields methyl-ethyl ketone : 

(C0CH»)=0 + Zn(C-ff)= = ZnO + 2Co|™|, 


When a im’xliiro of 2 mol. ethyl ioilido and 1 mol. acetic oxide is added by 
drops to zincssodium in a cooled vessel, reaction sots in and is complete after 20 or 30 
lioiij’s. On distilling and purifying the distillate in tho usual way, by trcatinunt with 
jiolash, combi nation with soditnii bisulphite and docomposibiori of tho resulting 
ri-ystalliiio eoinpoiiiid by distillation with an alkaline carboiialo, methyl-ethyl ketone 
is obtained, l^uiling, after dehydration, between 70° and 80°. Other compounds boiling 
butweeii lOO'* and 21(>°, are formed nt tin? same time, probably resulting from the 
action of llio zinc-ethyl on IIkj iiiobhyl-ethyl ketone. 

/] ric-c3thyl, ready formod, acts with groat violoneo on acetic oxide, ovohdiig a largo 
quantity of gas, which carries off with it a considcraWo portion of tho liquid 
products. 

A mixture of methyl iodide and acetic oxido acts in liko manner on zinc-sodiuTu, 
yielding common acetone, (CH")*CO, together with bodies boiling botwoon 70° and 100° 
(fSaytzciff, Zdtschr.f, Chem. [2] vii. 104). 

Eospocting tho action of acetic oxide on carbohydrates, see Cellulose, Gruai, Suoab, 
Staucii, &c. 

C2H»0> 

Acetoliypooliloroas Ozldei O, or Chlorine Acetate, 0H‘\C00C1. 


— When a slow stream of acotyloiio is passed into a solution of this conjpound in acetic 
oxido containing 8 to 10 grams of 0*11*010- to 35 to 40 grams of C^lPO*, tho gas is 
absorbed, witli rise of temperature, acetic acid and methyl chloride are formed, and 
tho acetylene eitln^r remains unaltered, or forms a compound not yet isolated. But if 
a very diluto solution of acotohypochlorous oxido bo used (containing 15 parts Cl*0 to 
100 parU acetic oxido), and cooled to at least — -10°, the acetylene is absorbed witlioiit 
percopfciblo formation of methyl chloride, and "water throws down from tho saturated 
^<ulutio^ a somewhat syrupy liquid, having a peculiar aromatic odour and boiling at 1 20° 

iiiidur a pressure of 2 centimeters. It has tho composition and may 

1)0 regarded as tlio acotochlorhydrin of the tetratoniic acetylene-alcohol C*I1*(011)\ 
Acpiooiis potash, at tho boiling heat, dissolves it quickly (Frudliommo, Campt, rend, 
Ixx. 1137). 

Sromaoetlo Oxide, C<H*Br®0*, or (C*n*Br0)*0, the anlwdride of monobroma- 
cctic acid, is formed by adding monobromacotic bromide, C*H!*BrO.Br, to fused and 
finely powdered sodium acetate, and distilling. TIio distillate fields, by rectification, 
acetic oxido passing over between 137° and 246°, and bromacotic oxido at 246°. The 
reaction appears to take place by two stages, acoto-bromacetic oxido being first formed, 
and subsequently splitting up into acetic and dibromacetic oxides, thus : 
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C*H«0 

Nil. 




0*H»BrOl 

Br/ 


I NaUr + 


C-H^UrO 

C^PO 




o C=*n=BrO\ 
and 2 c^II^OJ 


0 = 


C=H-='0. 


Iq . C®irarO)Q 
jO + c-IPBrOJ^ 


Bromacotic oxido docs not solidify at 0°. "When poiirod into water or exposed to 
moist air, it is gradually convortod into inonobroTuacctie acid. In alcohol it dissolves 
witli formation of etliylic mouohroinacctatc (II. Gal, Com^U rend, Isxi. 273, Chenu 8oc, 
J. [2] ix. 23). 

ACBTOBEirZXDlirS. Sue Bknzidtnu. 

ACBTOBROmXOPBBSrONE. geo AcKTOriiBNONi3. 

ACBTOCBBOBAB. gyn. with Ciit.oral. 

ACETOCKXiOBBTDBOSB, C»«H“*C1()'* = G^II’CC^H’OyClO* (A. Colley, 
Qmpl. rend. Ixx. 401). — A compound produced by the action of acetyl chloride on 
glucose. The action takes place at ordinary toraperaturos, but it is best to enclose the 
materials in sealcil tubes cooled by a Ircezing mixture. With 5 jnol. acetyl chlorido 
to 1 mol. glucose, a colourless transparent mass is obtained. The reaction is ; 

+ ric^ipooi => C'‘Tr(c=HK))‘oio* + c=h^o= + diici. 

On opening the tubes while immersed in the freezing mixture, hydrochloric acid es&npos 
with violence ; and on dissolving the residue in chloroform, agitating with sodium 
carbonate, drying with calcium chlorido, and evaporating off (ho chloroform, acetochlor- 
hydroso remains as a semilluid, coloiirle.ss, transparent, scentless, bitter mass, insoluble 
in w'atcr, easily soluble in alcohol, etluM’, and chloroform, slightly soluble in carbon 
bisnlphido, nearly insoluble in bonzonc. It turns the plane of polarisation to the 
right : [a] =.-147*^. It was once obtained, under coJidition.s not specified, as ji. perfectly 
dry crystalline mas.s, the analysis of which led to tho formula above given, which is 
that of the acelochlorliydriu of glucose. 

Acetochlorhydrose gives up tho whole of its chlorine when treated in alcoholic 
solution w'ith silver nitrate. Heated with sulphuric acid and alcoliol, it gives off tho 
odour of acetic other. It does nob reduce h’ehling’s solution. When heated with 
Avator in sealed tube.s, it blackens and decomposes, but when treated in tho saino 
manner in shallow vessels exposed to the air, it romains colourles.s, and glucose is 
reproduced. It distils partially in a vacuum between IrtO® and 210°. Tho distilled 
product resembles tho original substance, but lias ouly half its rotatory power ; [a] = 
71°. 

The reaction by which acciochlorliydroso is produced indicates that glucose is n 
pentotomic alcohol containing S hydroxyl-atoms. 'I'he sixth oxygen-atom probably 
bind,s together two atom-s of carbon, as in dietbylenic alcohol. 

PTis 

ACBTOCINBAKKOiarB, C"'Hi"0 = C0 C.'T^OH-cn — C^H* 

obtained, togothor w^i^h several other products, by the dry dislilliilion of an intimate 
mixture of tho calcium salts of acetic and cinnamic acids. It may bo se])aratod by 
ropeated fractional distillation of that portion of the crude distilhito which boils 
between 220° and 270°. When recently prepared it is a slightly yellow oily liquid of 
agreeable odour, turning darker when kept. Sp. gr. I’OOS. Boiling point, 240°-241° 
(Eiigler a. Loist, Deut, Clwtn, Ges, Bcr, vi. 254). 

ACETODZBBOMOXTBZBXBB. See Xtlidine. 

ACETOBTAPHTBYIiAKZDE. Sco Naphthylamide. 


ACETOBBy C®II®0. — The formation of this body by tlio action of zinc-sodium on 
a mixture of acetic oxido and ziiic-raothyl has already been mentioned (p. 11). It is 
also formed by oxidation of j)ropylclko with aqueous chromic acid (Borthelot, CompL 
revd, Ixviii. 334), and, according to .Schlouiuilch {ZiUschr, f. Chevi. v. 336), Avhon 
aldehyde vapour is passed over rod-hot lime. 

Acetone heated to- I00°-r20° for some days with liqiiid phosgene, yields a small 
quantity of liquid, which appears to bo dichloracetono (T. Kcinpff, J, pr, Chmu [2] 


When acetone is treated with phosphorus pentcuiulpfiidc, a Adolent reaction takes 
place, requiring, however, tho heat of a water-hath to complete it ; and two layers of 
liquid are obtoinod, tho upper of which yields, by fractional distillation, tluplo- 
siilphacetone, C^H'^S-O, as a liquid boiling at 183°-188° (corr.), and having a 
vapour-density of 5*08 (calc. 5’45). It produces a burning sensation on the skin; 
gives off vapour.s w'hich attack tho eyes strongly ; mixes with alcohol and oUior, imt 
not with water ; gives a bulky white prccipitato with mercuric dilorido. The lower 
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liquid formed in tho nbovo reaction consists chiefly of cthoroal compounda and a 
email quantity of duplo-sulphacetono (Wislicenus, Zeiischr, /. Cliem, [2] v. 324). 

Cornpound of Acetone with Mercuric Ojeide, — ^When solution of mercuric chloride is 
slouv’ly added to a mixture of acetone trith dilute aqueous solution of potassium 
hydrate, tJio mercuric oxide first precipitated is dissolved, vitli production of a clear 
colourless liquid. This solution gelatinises "when heated to ebullition, or on the 
addition of acid in slight excess. On dialysing tho alkaline solution, the difliiisate, at 
tho end of two days, contains a largo quantity of potassium chloride, some potassium 
hydrate, and but a very small amount of mercury. If the j^rocess of cliiFiision bo 
continued, tho diflusato being replaced by pure witter twice each day, until it no 
longer affords a cloud when treated witli solution of silver nitrate, the dialysor will 
contain a pure colloidal liquid, which, on careful evaporation to (Irjmrss, yields a 
rosinoid residue having a composition represented by tho fornmla 2CO(CII‘')-.3irgO. 

Water containing 2 p. c. of this compound retains its liquidity for months; a /i 
p. c. solution remains liquid for some days, but produces a firm jelly on being 
heated to 50°. The liquid colloid hydrate is the hydrosot of the now compound ; and 
tho gelatinous hydrate, the hydrugd (v. 1088). The alcosol may bo obtained by 
adding to a 1 p. c. hydrate an equal volume of alcohol, and cvaporatiTig tho mix- 
ture over quicklime until most of the water is removed. This alcosol, on being sub- 
juiLtod to prolonged ebullition, yields a jelly or alcogrl corrcspionding to tlint. produced 
on heating the hydrate — in tho former case alcohol, and in tlio latter water, being 
associated with tho mercuric kcl-ono-componnd. Tho hydriito, though neutral to test- 
p)jiptn*, appears to be a weak acid, jirobably quadribasic. 

Several ketones of tho fatty scries aro cap>ablo of uniting with mercuric oxido in 
prcscnco of alkali, to form coinpiouiids »n?ilogous to that obtained with acetone, but 
the hydrates or hydrosols of tlio mercuric compioiinds aro very difficult to j>repare, on 
account of tho insolubility of tho higher ketones in water (J. E. Jteynolds, Vroc. Boy. 
Soc. xix. 431). 

Bromacetone. OMPBrO. — ^Monobromac-etono is readily formed by diluting ace- 
tone with 2-3 vols. of carbon sulpliidc, and fidding a little loss than tho calculated 
quantity of bromine. After distilling off tho carbon sulphide and excess of acetone, 
the product is left boJiind a.s a dark viscid mass. Freshly-precipitated silver oxide in 
presence of -water converts it into a vol.ntilc liquid, having a sweet taste, and reducing 
alkaline solution of copper salts. This compound, which upjioars to bo the alcohol of 
pyruvic acid, could not bo obtained pure, as it scums to bo decomposed by dehydrating 
l)odie,s. Together with it, a smaller quantity of an acid, is formed, which 

in the free state forms a .syrup having a sour and bitter tiisto, while the barium salt is 
a hard, amorpihous mass (Emrnerling, Beut. Chem. Gcs. Bcr. vi. 22). 

CliloracetoneB. — Monochloracetono -was first obtained by Riclio, by tho electro- 
lysis of a mixture of acetone and hydrochloric acid. Borsche a. Fittig {A?in. Ck. Phnrm. 
cxxxifi. Ill) denied the existence of this compound, because by piassing chlorine into 
wt'll-coolod acetone they obtained dichloraoctone directly, without previous formation 
of the monoclilorinatod compound ; they, therefore, regarded Kiclio’s p>rodiict as epi- 
chlorhydrin, which is isomeric with monochloracetono; this, ho-wover, was disproved 
by Linnemann {ibid, cxxxiv. 170), who show’ed that tho product in question, when 
reduced by nascent hydrogen, yields acetone. Kriwaxin {ZiUsckr. f. C/«’w. [2] vii. 
203), by lio.atiiig acetone with chlorine, obtained no dichloracotono, but only mono- 
chloracetone and products of higher boiling point, apparently a mixture of acetone 
and monochloracctone. According to Glutz a. Fischer {J. pr. Chem. [2] iv. 52), tho 
product obtained by the action of chloiino on perfectly dry acetone is a mixture of 
mono- and dichloracetono, the former predominating. C. Bischoff, in like manner, 
obtained a product which yielded by fractional distillation a liquid boiling at 110®- 125° 
and containing 39 p.c. chlorine : a portion of this boiling at 120® contained 43 p.c. 
chlorine ; nowmonochloracetone contains 38*4 p.c. and dichloracotono 53"fl p.c. chlorine : 
hence it appears tliat the product obtained consisted chiefly of monochloracetono. 
Lastly, E. Miildor {Deut. Chern. Oes. Ber, v. 1007) finds that either mono- or dichlor- 
ncotoiio may bo obtained at ploasuro according to tho proportion of chlorine usod. 
To prepare monochloracetono ho passes a snmli quantity of chlorine through acetone, 
■washes the product with a little water, distils it over a mixture of calcium chloride 
and marble (tho latter to saturate the free hydrochloric acid formed); subjoctetho 
liquid which jesses over between 100® and 140® to fractional distillation, and there- 
by obtains a liquid which boils at about 119® and contains 39'3 p.c. carbon and 6*9 
hydrogen, tho formuhi C’H*C10 requiring 38'9 carbon and 5’4 hydrogen. 

Monocldoracetone, OH® — 00— CII*C1, is also easily produced by the action of strong 
^ilphiiric add on cpidiclilorhydrin, OH®Ci — CC1-— OH* (L. Henry, Deut. Ckcnu Gts, 
Ber. T. 965), and by tho action of hypochlorous odd on acetone (Mulder). 
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XonochloracotonOf heated Dsith potassium acetate and alcohol, is converted into the 
corresponding acotyl-compound, mono-acotyl- acetone, OK® — CO — CH"(OCKPO), 
a limpid liquid boiling at 176^ and luiving a refreshing smell and bitter tasLo. When 
recently prepared it ia neutral, but in contact with moist air or water, in which it is 
readily soluble, it soon requires an acid reaction. The rfiplacoment of the acetyl in 
this compound by hydrogen would give the alcohol UJP — CO — CH-OK, corresponding 
with pyroracoTuic acid ; but this transformation has not yob been cfFuctcd (Henry). 

Monochloracotono is converted hj fwiting nitric acid into a comj^iniind OKl^Cl 
(N0®)0, which crystallises readily from water-alcohol and other ; — by dcoholic ammo- 
n in into sal-ammoniac and an oil having the odour of naphthylamiuo; — by alcoholic 
cyam’rfc intocyanacotono, C“It*(CN)0 ; — ^with tho neutral sulphates of tho 
alkali-metals it yields metallic chlorides and acotono-sulpllonic acid (Cilutz, 
J.pr, Vhem. [2] i. 14). 

Tho reactions of monochloracotono with hjjdrocyanio acid will bo described further 
on. ' 

Diehl oracctoncy C^IT'Cl'-'O. — Of this compound there arc two modifications, one 
symmetrical in structiire, tho other unsymiiutrical, viz. ; 

.Symmetrical .... CJT-Cl -CO— CK*C1 
IJnsymmctrical . . . CIP — (^0 — CTICP. 

Tho symmctriciil modification is obtained by oxidising dichlorbyrlrin, Ofl’Cl — 
CUOII— CH"U1, w'itli chromic acid mixture. It boils at 170"-171°, forms wtdl- 
crystallisod compounds with acid sodium sulphite, pobissium iotlide, and i)Ot.rissiniii 
6ulphoc3'aiiato ; treated in etbei'cal solution with powdered potassium cyanide, it is 
converted into a compound having tho compositioa CU1“C1*N0'^ (Glutz a. l.‘'ischor, 
i/. pr. Chem, [2] iv. 52 ; Chem. Soc. J. [2 J ix. 922). 

The unsjTrnnctricul modification is obtiiiiieJ by passing chlorine into acetone till it 
is saturated, tho liquid being heabHl in the water'-batli towards the end of tho opora- 
tioii (.Viitig;— Glutz a. I'ischer).— E. Mulder, (Dcut, Chem. Gf s. Jkr. v. 1007), passes 
chlorine iu excess into .'icetoiio at ordiiiaiy lomporaluros, w’ashcs the product with 
w’ater, distils it oyer a mixluro of chloride and carbonate of calcium, and, finally, by 
fractional distillation, obtains a product which boils at 120*^ and contains 55*5 p.c. 
chlorine, tho formula C’U^CFO requiring 56’9. 

^ Dichloracctono heated with potasduin hydrate yields a glncoso-liko body, C®1I®0*, 
similar tC‘ that produced by the action of wat«;r on sulxfiiaectonato of lead, together 
with a brown substance, which forms with load acetate tho compound rb(C®Il‘>0 »)'■*. 
The formation of those two bodies is represented by tho equations : 

C^K'CPO + 2KnO =» 2KCI -i- CKI®0» 
and: 3C*IPO® — 4H®0 

Similar products aro obtained by tho action of potassium bulphydrato on dkhlor- 
ftcoUmu. 

With solid potassium cyanide the nusymmetrical dichloracistono yields a product 
isomeric, with that whioli is obtJiincd from the symmetrical irjodification (Mulder, Dcut. 
Chem. Gea. Her. v. 1007). 

Dichloracntoiie, heated with excess of water to 200° for six hours, yields a largo 
quantity of lactic acid (Linnomann a. v. Zotta, Ann. Ch. Vhami. clix. 2 17). 

DichlorodihromacetonCtC^U.^C\‘"^t-0, is fomed, together with the compound 
C"H*I}rCl®0 (not obtained xwro), by tho action of bromine or dichlorhyilrin. With 
Water cooled nearly to 0° it forms, with considerable rise of temperature, a crystfilline 
hydrate, U*H*CPBr*0 + 4H‘0, which imiy bo purified by pressure and recTystallisation 
from water and alcohol ; from its alcoholic solution it is scjiaratod by water in dazzling 
white crystallino scales, or sometimes in larger crystals. It gives off its water of 
crystallisation when left over oil of ^dtriol, or when fused ; in the latter case two 
layers of liquid aro formed at 49°-50’5°. 

Anhydrous dichlorodibromacetono is a colourless heavy liquid, which does not 
solidify at 10°, ^ves off vapours which attack tho eyes strongly, and is decom- 
posed by distillation. By exposure to the air it is rcconvertod into tho hydrate. Jt 
IB decomposed by water, alcohol, and alkalis, with formation of similar products of 
decomposition. With alcohol at 160° tho products aro— besides chloride and bromide 
of etliyl — ^formic and glycollic acids, together with traces of carbonic acid, acetic acid, 
and an oily chlorinated body. With barium hydrate, formate and glycol late are 
obtained, together with larger quantities of carbonate and acetate. Oxalic acid is also 
formed, especially in strong solutions, together with an amorphous substance which 
intorforcB with tho crystallisation of tho glycollato. AVith hydriodic acid, dichloro- 
dibromacetone appears to yield dichlorhydrin (Carius, Dcut, Ch&nu Gcs.Iier, hi, 393: 
^itschr. /. Chem, [2] vi. 633). 
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WhoTi dichlorodibromacotono 5s actod upon by zinc and dilute sulphuric acid, and 
heated from tiino to time to a tcin];)eraturo not exceeding 40°, a slow reaction is sot 
up, which lasts for several weeks, the product consisting of aceto ne and a brorainated 
cfunpound (probably isopropyl bromide), not separable by distillation (Lange, Dmt, 
Chem, Qes. Ber. vi. 98). 

CyanoKen-derivatlTOS of Acetone. (Urcch, Amu Ch. P/uirm. clxiv. 25.')). 

1. Acctone^cyanhydrin^ CMPNO = C*TPO.CNII. — This compound is formed 
by diroL't combination when dry hydrogen cyanide is passed into cooled acetone, and 
passoa over for the most part at 120®, when the product, after remaining for some 
time, is distilled* 

CH» cn» 

io + HCN = no— (i— CN 
in* CH» 


Accionc-cyanhydrin is a very unstable compound, the addition of silver nitrate 
giving riso to the formation of silver cyanide and the liberation of acetone. I5y 
allowing a portion of the acetone wldch had been saturated with hydrocyanic acid to 
remain for some moiitlis, heating it in a sealed tube to 100®, and allowing the more 
volatile portions to evaporate spontaneously, a yellow synip was obtained which yielded 
ammonia and ace tonic acid, IPO-’, when boiled with a dilute mineral acid; 
when, however, the heating in a scaled tube was much prolonged, a brown mass was 
obtained which no longer yielded acotoiiic acid. The action of alkalis on it gave rise 
to ammonia, together with .a small quantity of a substance cr3^stalliBiDg from water in 
ofllorcscont prisms. 

Acetonic acid is more readily produced by the action of nascent hydrocyanic .icid 
on acetono, as when slightly moist poUissium is covered with acetone, and hydro- 
chloric acid is added in excess in aqueous solution, or passed into the liquid in the 
state of gas. On exhausting tlio resulting brown mass witli otlier, evaporating the 
ethereal solution, dissolving the residue in w'ater, and neutralising with zinc carbonate, 
an abundant crop of zinc acetouato is obtained : 

CU» CII» 

CO + KCN + 2irci + 211*0 = KOI + NH*C1 + IIO— d— CO.OH 


on* CH» 

Acctoiic. Acetonic Acid. 

When, liowcver, for each molecule of potassium cyanide present, only one molecule 
of hydrochloric acid is added, the ethereal solution of the product deposits on evapora- 
tion a erysWUno .substnneo which is not acid, and has the composition C’H**NO*. 

Cn> CH» OH” 


CO + KCN + 

I 

CH” 


HCl = KCl + HO— 0—0— d— ON 
c!h» CH» 


Blaceinm-c^fanhydrm^ the product thus obtained, is easily soluble in water, alpohol, 
and other, and crystallises from these solvents in thick shining anhydrous prisms. It 
melts between 135® and 162®, and sublimes below its melting point in long, colourless 
iieodlos. It is decomposed at the ordinary temperature by hydrochloric acid into 
ammonium chloride, acetone, and acetonic acid. 


CH» CH» 
HO— d— 0— d 

dn* 


—ON + HCl + 2H*0 

c1h> 


CH« CH* 

NH*Cl + CO + HO— A— CO— OH 

Ah* 


Ah* 


BlacctoDA-cyanhydrln. Acetone. Acetonic Acid. 

If the products of this reaction be distilled, adistillato is obtained consisting princi- 
pally of acetone ; and when this distillate is treated with quicklime to remove fpco 
acid and water, and the acetone separated by distillation, a residue is left containing a 
body which crystallfsos in prisms, and contains the elements of calcium chloride with 
two molecules of monacotonecyanhydrin, CaCl*.20^H’N0. 

An attempt to form this substance by the addition of calcium chloride to the 
ethereal solution of the crude product obtained by the action of hydrochloric acid on 
acetone and potassium evanide, led to the formation of a compound of diocotonccyan- 
hydrio and calcium chloride, CbCP.C’H**NO* + 6H*0, winch separated from its 
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etlioToal solution in largo crystals. When dried at 100® it contains CaCl*.O^H**NO* 
+ H*0. 

Acetone-cyanhydrin is regarded by TJroch as analogous to Volkors hydrocyanato of 
benzoyl hydride, C»H«O.CNH (i. 570), and the splitting up of diacetone-cyunhydrm 
under the influcnco of hydrochloric acid is analogous to that of anigydalin when sub- 
jected to the action of the same reagent. 

CH*C1 

Monochlcracctoiic-cyanhydrint ITO— C— CN, is formed by gently heating monochlor- 

(Ih* 

acetone with strong hydrocyanic acid and alcohol for 2i hours, and remains, on 
evaporation, as a thin oily liquid, which, when heated with hydrochloric acid, 
yields ammonium chloride and monocliloracetonic acid, C[(CH.‘Cl)(CO.OI[)(OrL)CIP)J, 
crystiillising in prisms, which have a pure sour taste (llischoif). 

TctracMoro-diacctone-cyafi hydrin, C^H^OPNO-. — Bodies liaviug this composition 
are obtained by the action of potassium cyanide on the two modifications of dichlor- 
acetonc. The uns}immotrical diehloracotono treated with aqueous potassium cyanide 
yields a compound cryslM Hi sable from water ; tho symmetrical diehloracotono treated 
in tho same manner yields only a brown tarry liquid, which quickly turns black; but 
an ethereal solution of this dichloracetonc treated with pulveriliiod potassium cyanide 
yields a body crystallisahlo from alcohol, and isomeric with that which is obtained 
from the iinsymmcli'ical dichloracetonc. Tho two moflifications «)f totra<‘hlor.!- 
diacetono-ej'anhydrin thus obtained are represented by tho following formula : — 


From Hjmiactrlcol dicliloracctonc. 

CH'-'Cl CH*C1 

HO— (1— 0— d— CN 

dfl’Cl (JhK!! 

each being formed by the reaction : 

2C>n<Cl'0 + KCN + H^O 


From unsymmetrioal tlicLloracctono. 

cip cn^ 

HO— A— 0— i— CN 
CIPCl CH*C1 

KOII + C’H'Cl'NO* 


(Glutz a. Tischor, J. pr. Chent. [2] iv. 52). 

ACBTOWS-SVXiPBOiriC ACXD, C^mSO* ~ {ciP(SO='H) 

Zeitschr.f. Chon. [2] vi. 162; J)eut. Chem. GcJt. Jirr, iv. 617). — An acid produced 
by the action of alkaline sulphites on dichloracetone. When 1 mol. dichloracctoi.e is^ 
mixed with a concentrated solution of 2 mol. neutral potassinni sulphite, tho liquid 
becomes hot, and the oily layer lloating on tho top (piickly disa.ppoars. On evapor- 
ating to dryness over tho water-bafh, and treating the riisidue with boiling alcohol, 
potassium acetonc-sulplionate, C^H^KSO*, dissolves, wliile neutral potassium sulphate 
remains behind. Tho reaction takes place by tw<i stages, thus : 

C’lPOr-0 -h K-S0‘ + H=0 « C»JPUro + HCl + K-SO» 

and C^IPCIO + K^'SO" = KCl + CWKSOb 


The dichloracetone used in this reaction was probably tho unsymraotric.'il modification 
^^{cHCl* symmetrical diehloracotono would rather have 

yielded acetone-disulphonic acid. 

Tho potassium salt aoparates from its alcoholic solution on cooling in white lamina;, 
ven' soluble in water. Decomposed with an equivalent quantity of dilute Biilphuric 
acid, it yields acetone-sulphonic iicid, which may bo extracted with alcohol and purified 
by neutralising it with lead carbonate and decomposing the resulting lead salt with 
hydrogen-sulphide : it then forms a colourless nncrystallisablo syrup. Tho barium 
(CH*.CO.CIPSO*)*Ba + aq,, crystallises in colourless glistening scales, which give 
off part of their water over sulphuric acid, the whole at 100^. Tho cupric saltf 
3(Cn*.CO.CH*SO*)-Cu + aq., forms bluo-grcoii scales, very soluble, and having an add 
reaction. Tho lead salt, (CIP.CO.CH'-SO®)®Pb +aq., crystallises in colourless scales, 
also very soluble, and having an acid reaction ; it melts at 140° and decomposes 
completely at 170®. 

When a dry mixture of potassium acotonc-sulphonato and potassium cyanide is 
heated, a crystalline body sublimes, which is insoluble in alcohol and ether, but 
soluble in water. This body is a cyanide, CH** — CO— CH'** — CN, which may bo ex- 
pected to yield au acid, CH* — CO — CH® — COOH, homologous with pyruvic adch 
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fOH 

AC3BTO VZO ACXDf or C •{ (Cll^)2 is formed by tho aclion of nascont 

ICOOH, 

hydrocyanic acid on acotoiio, by tho spontancoiiB docompositlon of acot-onc-cyanhydriu, 
and by tho action of hydrochloric acid on diacotono-cyauhyi-lrin (p. 15). 

/OH 

Chloracctonio Apid^ C‘H’C10* » C J ia formed, together with sal-ammoniac, 

(cOOIT, 

when monochloracotono-cyanhydrin is heated with hydrochloric acid (p. IG). It 
cryiitiillises in prisms, wliich liave a sour taste. Its sodium salty obtained by saturation 
in tlio cold, is a deliipiosccnt rrystJiUiiio mass. Tlio aynmrmium salt crystallisiis in 
prisms ; tho lead salty obbuned by dissolving recently pnjcipitiitod lead carboiialo in tlio 
aqueous acid, dries up in a vacuum to a vitrtioiis mass soluble in water and in alcohol. 
'J’iio cihylic ctJu r is an oily liquid, having a faint but agreeable odour, decomposed by 
distillatiou. 

Tho olilonno in this acid may lie replaced by cyanogen, yielding tho iiitril of an 
acid probably isouicric with oxypyrotartaric acid (Bischoff, Dent, Chem, Ges. Bcr, v. 
866 ). 

ACBTOUrZirE. Tho oxalate of this base is best prepared by tro.ating tho sulpho- 
carbonato (Is^ Bupid- 29) with mercuric chloride (and then with 8ulphiirett.cd hydrogen), 
wlieroby it is convertod into thtj hydrochloride, and decomposing tho latter Avith 
excess of silver oxalate or load oxalate. On treating tho product Avith boiling 
alisolute alcohol, the acotoiiino oxalatti dissoh'es and separates from tho soluliou 
as a beautiful silvery cry.stallino mass, liaving tho previously del ermined composi- 
tion C‘-'II''‘JS^.C-ir‘'0^ + It cannot bo juroparod by tlio action of oxalic acid on 

the sulplioearbomito, a.s tho ncotoiiino is thereby completely decomposed (12, Mulder, 
AeiischrJ'. Chejn.\‘i\ v, 340). 

ACETOXarZTRZZi. See Cyantdt<:.s, Alcoholic. 

ACSTOXTYXi-VRXSA. (Uroch, Ann, Ch, Pkarm. elxiv. 2G4).— AVJion 

liydroclilorie acid is added to commercial ijottissiiim cyanidt^ (containing eyanato), 
covtT(;d AAath a layer of acetone, and the liipiid, after tho termin.afcion of tho reaction, 
is poured off from tlio deposited cry’.stAls and CA'apora tod, crystals of potassium clilorido 
are left, mixed with long prisms, Avhich, after rocrystallisatioii from ether, and subli- 
maliori, have the composition 

Thi.s compound is formed by tho conjunction of single niolocule.s of ncotonc, hydro- 
oyauic acid, and cyanic acid : -f HCN + JICNO « and may bo 

regarded as a urea having two hydrogou-atomB roplaced by the acotonic acid residue 


co.c: 
I 1 


-CH* 

'•CH* 


, that is, as acotonyl-nroa, 

H*C CH* 


I J>CO. 

CO~NH-^ 

or as a rlimothylatcd dorivativo of hydantoin. 


CO — 


:;CO. 


Acetonyl-urea is easily solublo in wator, alcohol, and ether, and separates from 
tho.se solvents in largo glistening prisms. It has a peculiar bitterish taste, and melts 
at 17 , 5 ®, at tho sain 0 time subliming in long noodles. With silver nitrato it forms 
tlio compoimd C-'H^N^O'^AgNO*, which crystallises in long prisms, easily solublo in 
wator, and exploding w'hon rapidly heated. 

By warming n solution of aceton^/l-uioa with silver oxido, a white powder is pro- 
duced, which, when puriflod by solution in ammonia and precipitation by acetic acid, 
has tJie composition of argonto-acetonyl-uroa, C^H'AgN*0*. Wlicn acotonyl- 
nroa i.s boiled with baryta-wator, the solution, after soparadon of tho excoss of barytii 
Find acetonyl-urea, yields a barium salt having the composition (C*H*N*0-)-'B.a(0n)‘-, 
barium salt of an acetonuramic acid. Tho freo n-cid is so un- 
when it is liberated by sulphuric acid, and dio solution is agitated with 
fither, the otliorcal solution iriolds acetonyl-urea on evaporation. 

2nd Sup^ Q 

<?nic. 
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Auetonyl'unui, heated with hydrochloric acid to 160® 100®, splits up into cnrhonic 
anhydrido, sal-aznmomsc, and a-amido'isohutyric acid — 

H'C Cn» H’C CIP 

A/ 

0 NH. 

1 ^CO + 2HC1 + 2H«0 = HCl + NH^Cl + CO« + 


v 

C-~NH2 


CO~NH- 


CO.OH. 


Tho o-amitlo-ieobiit^^ric acid thus obtained exliibits tlio clinracteriHtic properties of tho 
glycocinos. Its copper eal t,Cii(C^Il“N()'')^ forms violet-bluo crystals, easily soliiblo in 
■water. The silver salt, AgC*H“NO^ crysfeillisos in silky needles soluble in water. 

'J5y ovaporiiling to dryness tho product of the action of hydrochloric acid on acoto- 
nyl-nrea and exhausting the rosiduo Avitli spirit, a hydrochloride of a-ainido- 
isobiityric acid, (J^J['^N0'-1JC1 + Jl-O, is obtsiiiied. It crystallises in short, colour- 
less prisms, exhibits .a, strong .acid reaction, is very soluble in water, moderately 
solublo in alcohol, and iusoJuldo in cllicr. Whoa its solution is cv.apovati.'d with 
platinum chloride, crystallino inasscs airo deposited corresponding with Jilanino 
platinochlorido. Wlioii it is treated with solution of potassium nitrite, acotonic acid 
is formed, nitrogen being set free at llio samo time. 

S;f/n/hc.'iiii of Acetont/l-urea from. thr. ProdiwlA of vV.? DecomposUion . — ^^Vholl an 
aqueous solution of sulphate of alphamidoisohiity'ric acid is evaporated with yiotassium 
cyaiiato, a rosiduo is obtained, which, by tixhaustiou Avitli alcohol, evaporation, and 
troatniont with siilphuric acid, yields acotoiiyluramic acid, or alyilia-urami- 
doisobutyric acid. 


1I«0 CH« 


v 


C ^NIP 

CO-OII 


+ HNCO 


HsC CH> 

\/ 




CO.OH Nil®/ 


CO. 


This compound is moderately solublo in hot w'ater and alcohol, but insoluble in 
ether. It melts and gives off water at IGO'^. Its silver salt, C“H"AgN*0“, forms tufts 
of needles slightly soluble in water, 

Acetoiiyhirannc acid, boated for d loug timo to 130°-140®, ovolvos water and 
yields acotonyl-UToa : 


IPO CIP 


\/ 


IPO CH» 


-NIK 


\/ 


I 

coon.Nn* ' 


>co = H*o + 


-NH . 

CO— NH - 


:^CO. 


ACBTOPBBVOSTE. 


co{ 


C“H* 
CTI=> • 


Seo I*IIENYL-METllYL KkTONE, 


JLCBTOPXPBRXBXXrB, 13co Pipehidine. 


acbtobaccbabobb. 

ACBTOTOXiVXBB. 

ACBTOTOXiUXBXBB. 


Seo Sugar. 
Sco Toluxdine. 


ACBTTB. Acetyl Chloride, CHPOCl, is one of tho products of the action of 
chlorine* on aldohydo (Wurtz, p. 35). 

This compound is not docom^sod, or but very sb'ghtly, by tho action of heat alono ; 
on heating it in scaled tubes for a long time to nearly 30® it gave only a trace of 
hydrochloric acid and a brown substanco (Berthclot, 8oc. Chini. [2] xvii. 391), 
Acetyl chloride heated for several hours xvith excess of phosphorus pcntackloride, is 
converted into carbon trichlorhlo or hexchlorctliauc, C*’Cl“ (Ilubner a. Muller, Zeitsohr, 
f. Chtm, vi. 328). 


llrornacetyl bromide, C*H*BrO.Br, treated with ssinc-melhyl, yields an alcohol—* 
probably C‘H‘^0 — which boils at 110°— 112®, and when oxidised with chromic acid 
mixture, forms acetic acid and a small quantity of acetone (Shdanow, DeuU Chem. 
Gcs^Bcr. vi. 479). With zinc-ethyl, tho same compound yields adecyl alcoholi 
boiling at 155°-167° (Anitow, ibid,). 



ACETYLENE. 


IP 


Triohloraoetyl co^npounda . — Tlio chloride C-C1*0.01 ia easily obtained by 
tho action of phosphoriw trichloride on Iriclilomcetic acid ; after rectification it boils 
regularly nt 118°. riiosphorus pentiioblorido acts in a similar manner, Imt with for- 
mation of oxychloride, which is difficult to separate' : hence it is bettor to nse the 
trichloride. Tricliloracotyl chloride is converted by water into trichloracetic: and 
hydiocliloric acids ; by alcohol into ethyl tridiloracotatc. 

Trioldoracetyl hrmnidt^ C*C1^0.Br, is obtained in like manner by tho action of phos- 
phorus tribromido on trichloracetic acid, as a liquid boiling at about 143° ; its ro- 
actions are sirnibir to those of the chloride. 

Trichlor acetyl iodide is more difficult to prepare. Trichloracetic acid treated with 
phosphorus tri-iodide yields a small quantity of a liquid boiling at about 180°, and 
decomposed by water and byulcohol; but its composition has Jiot been sat isfaclorily 
made out (II. (Jal, Compt, rejid. Ixxvi. lOlD). 

iLCETTXiESrE. G“H‘. — Tliis hydrocarbon is formed by heating iscthionic acid 
with potassium hydrate : 

C*IPO.SO»K + KIIO » + 2IPO + C*n- 

(Bcrtholot, Compt. rend. Ixix. 003). 

Acotylciio is readily oxidised by aqueous clawnio acid^ yielding acetic acid if tho 
solution is dilute, formic acid and carbonic acid if it is cuucontratod (IJcrtJielot). yco 
Acnric A cm (p. 4). 

Acotyleiiu passed togetlior with pJwsgcne-ya.^ tliroiigli a rod-hot tube, is partly 
polymcrisud to beiizeiio, &c., but doos not yield any chlorinated organic compound 
(Bortholot, Bull. Sue. Chrni. [2] xiii. 9). 

On tlio reaction of iicotyhmo with aueto-hypoeldorousi oxide^ seo page 11. 

On tlio const itution of iicetylono, eoo Carstaiijon (•/. pr. Chnn. [2] iv. 419; Chnn, 
J. [2] X. 231). 

Bromavvtylene, C-TTBr, is given off abiuidantly 'when dibromothyleiin, C-JPBr^ is 
heated with alcoholic potash in an open vessel; hut if tho reaction takes place in a 
scaled tube, tlie bromino aloiu! is abstracted and acetylene is produced (Fonbiino, 
Cunt Jit. rend. Ixx. lllfil). Broinacetyleno is likowiso evolved when moiiobrometliy- 
leiic broinid<*, 0-JPBr.Br^ is added by drops to solid sodium ethylate (Aloscjdf, 
ZeiUcItr. f. Chan. vi. 044). 

Broriiacctyleno takes lire at ordinary temperatures in contact with tlio air, but 
if it be. mixed w'ith a considerable quantity of any iiidiffi-ront gas, it merely 
becomes strongly heated on coming in contact with air, and forms vvliito vapours of 
bromacctic acid : O'^llBr + Il-O 4- C) = C*lPBrO^ Tliis slow oxidation is favoiircid by 
sunshine, and does not tjvko place in the dark ; it is accompanied by a very perceptible 
odour of ozouo (Foiiteino, Compt, rend. Ixx. 1361). Bromacctic aCid is also formed 
when ail alcoholic solution of bromacctylono is oxfiosod to tho air (Clldcknor, Ann. Ch, 
IVtarm. Suppl. vii. 197). 

JDihydrolromide of Acetylene, C=II-.2JIBr, is formed by tho prolonged action of 
hydrobromic acid on acetylene. It has tho samo boiling point as tlm isomeric 
hydrobroinido of bromctliyleiic, C“IPBr.HBr (Reboul, Compt. rend. Ixxiv. 941). 

CniiORiDiss of ACETYI.UNJ3 (Borthclot a. Juiigfleiscli, Ann, CA. Phyft, [1] xxvi. 
472). When dry acotylciio is passed into antimony poiitachlorido, it is absorbed wdth 
considerable ovoliition of heat. Il’ care has been taken to i)rovent. the temperature from 
rising too high, tJie saturated liquid deposits, on cooling, magnificonL jdates consisting 
of a compound of actd-yleiio and antimony pcrchloridc, 0-II-SbCP. This compound is 
immediately decomposed by water, and when it is heated by itself, an action takes 
place, resulting in tho formation of antimony trichloride and acetylene dwhloride\ 

C“H«SbCF = C'^H^CF + SbCl“. 

If, liowovor, a solution of tho*Gry8tala in antimony pontachlorido bo heated, a more 
violent action takes place,' giving rise to tho formation of antimony trichloride and 
acetylene tetrachloride : 

C*H«SbCl* -h SbCl* = C=H’'ei'» + 2SbCl». 

In.practico both chlorides are produced at the same time, by heating the crude com- 
pounef C^H^SbCl* mixed witli a certain proportion of antimony pentachlorido, distilling, 
washing witli water, and separating the cnloridos by fractionation. 

Acetylene dichloride, C*H*01*, is a colourless limpid liquid, having an odour like 
that of diloroform, and boiling at about 66°. Water acta slowly on it nt 180°, with 
formation of hydrochloric acid and condensed products. With potassium hydrate it 
forms acetic add, and when heated to 360° in a sealed tubo, it is entirely resolved 
into carbon and hydrochloric acid. 

o 2 
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ACHILLEA. 


Acetylme tetrachloride ^ is a colourloss iiquitl, smoUing and tasting like 

chloroform, and boiling at about 147®. Water at 180° slowly dt)coni]^>osos it, with 
formation of hydrochloric acid. Chlorino converts it iiit/i carbon trichloride. Alco- 
holic potash converts it into glyeollic acid : + UJI'O = 4HGI + ; but if 

tho action bo carefully regulated, tho |>otash siiiqdy removes a molecule of IICI, 
leaving chloracetylenc dichloridc, C'llCl.Cl^ a colourless liquid boiling at 88^. This 
last reaction also take places when the tetrachloride is merely heutetlin a sealed tube 
to 800° for fifteen hours ; and if the action be prolonged and the tomporaturo raised 
to 360°, another molecule of JlCl is removed; the product actually obtained consists, how- 
over, not of the residual dichloracctcno C*C1^ but of it s poljTnerido, JuUn’e carbon 
cMoridr, or heJcchlcrobenzcnc, G“C1“ ; tbree molecules of acetylene tetracldorido taking 
part ill the reaction: 3C2ir-Gl^ = GHCl + G*C1®. This corresponds with the formation 
of hoiizono hy polymerisation t»f acetylene, and explains tho frequent formula of Julin’s 
chloride in the destructive distillation of chlorinated organic compounds. 

ACBXXiUSA. Tho Iva plant (ArhiHca moschata) has been chemically examined 
by A. V. Planta-Tleichonau ( Ann. Ch. T*harni. civ. 115). 

Iva oil . — The herb separated from tho root pcjlds, hy distillation w'itli steam, a 
hlnish-grooTi volatile oil, having a peeiiliar, not unpleasant odour, anil lasting like 
peppermint-oil. On distillation it begins to boil at 170°; the greater jvirb passes over 
between 180° and 210°; a very small quantity of yellow liquid hotweim 210 ° and 
230° : a brown distillate, smelling like w'orniwood, between 230° and 260° ; and tlmre 
remnin.s a dark brown viscid, no longer bitter residue, which dccom])osos when 
heated fihove 200°, is not soluble in ahsoluto alcohol, even when heatisd, but 
dis.soIvcs partially in other and in turpentine-oil, leaving a carbonaceous residue. 

/imn/, G‘‘lT-“0, or — This name is given to the portion of the distillate 

which passes over botwoeii 170° and 210°. It is a dear, laintly-yellowish liquid, 
having an extremely fragrant, strongly etlioroal odour, which is very pi'i’sishmt, and 
percc'ptiblo ii long way olf. Tho liquid has a bitter, heating taste like, that of peppor- 
miiit-oil. A'ory small quantities dissolved in alcohol imiuirt to that liquid the same 
poAVcrful odour and agreeably bitter taste. 

Tho fraction of the original oil which distils bet, ween 230° and 2G0° has nearly 
tho composition of ivaol. Tlic resin has tho composition C^IP^O. 

Jvain^ — This is a hitter suhstanco contained in the alcoholic extract of tho 

plant previously exhausted with water, together with stearic aciil, whicli separates on 
cooling from tho residue loft after distilling oft’ tho alcohol. To prepare ivain, tho 
dark green filt(;rcd liquid is warmed in tho ■W'atfU’-h.ith, with excess of alcoholic sohi- 
tion of neutral lead acetate; the resulting precipitate is separated hy filtration ; the 
somewhat concentrated filtrate is freed from load by siilpliurettcd hydrog«m, and 
from alcohol by evaporation over tho w’ater-buth ; tho residue is repi;at(?dly treated 
with acetic acid (winch extracts tho nitrogenous principles to be hereafter mentioned) 
till tho decanted acid remains colourle8.s ; then repeatedly waslied with w’nter till this 
liquid also runs from tJio tap-funnel colourle.ss and no longer l)it,tcT, anil the oily 
unctuous ma.s#, which at first was heavier Uian water, llofite on the top of it; this 
mass is repeatedly treated with absolute alcohol, and evaporated till the acetic acid is 
completely removed ; and tho alcoholic solution is finally treated with animal clian*oal. 

Ivain is ;i somewhat dark-colourod mass of tho consistence of turpentine, wiiich does 
not solidity at 17°i <lissolvo.s in alcohol, but not in water; the alcoholic solutionis 
extremely bit ter. Its composition, determined hy analysis, is C"H**0 ; if this formula 
bo tripled, tho compound may bo regarded as a hydrate of ivaol : 

C*4II<«03 -I- H«0 = 

^ ^itrogenoun principles of Iva . — Tho aqueous extract of tho plant contains two 
nitrogenousbodics, acJiillcin and moschatin. To prepare them, tho aqueous ex- 
tract is repeatedly treated with absoluti} alcohol, as h>rig as that liquid becomes 
coloured and acquii-es a bitter tesh^. Tho groat bulk of the aqueous extract consists 
of a gummy light brown mass, whicli is insoluble in absolute alcohol, and becomes 
more pulvoniloiit the more it is frond from achillein and moschatin. Tho brown alcoholic 
solution is completely freed from alcohol by distillation, and distilled water is added 
to the residue in successive portions and with, frequent agitetion. Tho liquid becomes 
turbid from sej:)Aration of moschatin, which at first rcdissolvos in tho aqueous solution 
of achillein, but, on further addition of water, separates in flocks, which must be 
washed wdtii water, ^lo filtrate contains the achillein, also a littlo moschatin, and 
several acids not yet investi^ted ; these may bo removed by digestion for several 
days in tho cold with successive portions of load-hydrate. The filtrate, freed from 
lead by sulpliurottod hydrogen, is evaporated in tho water-batii in small portions, 
and with brisk stirring j the residue is dissolved in absolute alcohol, to remove tracer 
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of a gummy substance; the solution again evaporated; and tlio rcsiduo rodissolved in 
water to Bojwirfite the inoscliatiu. TIio residue obtiincd after «anot]ior evaporation is 
regarded «as pure acliil lei n, if samples of tJio brittle mass dissolve completely in absolute 
alcohol and in water. 

Ackillein is a brittle, glassy, brown-rod substance, which melts without decompo- 
sition at 100°, absorbs moisturo very quickly from the air, dissolves readily, witii 
wiiie-ycllow colour, in water, less caaily in absolute alcohol, and is insoluble in ether ; 
it has an alkaline reaction, a jiecnliar odour, and a strongly bitter but not unpleasant 
taste. AVhen dried at 100° it has the composition It appara to bo 

identical with the achilloin obtained from Achillea miUefolium by Zaiion (i. *36), who, 
however, did not obtain it pure, and gave no analysis of it. When boiled continiionsly 
with strong potash-solution it gives off alkaline vapours having a peculiar odour. 
Chlorine-water decolorises achilloin; biiinic acid and ferrous sulphate liav’O no action 
upon it. AmmoTiia dissolves it, and the solution, if exposed to the air till it no longer 
piiiells of amnioiiia, deposits a llocculcnt mass loss soluble than acliillein itself. Aeliil- 
Iciu is not ijrecijjitated by neutral or by basic acclalo of lead. WJieii boiled for 
several days witli dilute sulphuric acid, or even with tho aeiils which accojupaiiy it in 
the plant, it yields achilletin, C“Il*’NO\ which soparatc.s as a dark brown jHAvder; 
also sugar; >i volatile product having a powerful aromatic odour; and appo rent ly also 
aiiimonm. -Achilletin is insoluble in %vatcr, very slightly soluble in alcohol ; the alco- 
holic solution hus an aromatic odour, but does not taste bitter. 

23?, obtained as abov(s maybe puritiedby dissolving it in ab.solutxj alcohol, 
evaporating to dryness in tho water-bath, warming the rcsiduo with water, and finully 
washing it with cold water till tho mass can bo pulverised uuder water. It tlicn has 
the composition C*'H-’NOb It melts underwater at the heat of the watcr-batb, and 
separates again in the pulverulent form on cooling; dissolves more easily in liqiiid.s 
containing uchillein. It i.s somewhat more soluble in absolute alcohol than achillcin, 
and has ji more aromatically bitter taste. 

The ash of tho Iva plant contains, as coiistituent-s soluble in water: alkaline car- 
bonates and chlorides, small quantities of sulphuric acid and lime, and traces of inag- 
uesia. The portion insoluble in water, but soluble in nitric cacid, contains largo 
quantities of carbonic .acid and lime, together with phosphoric acid and a little 
magnesia. Tho insoluble rcsiduo consists of silicra and charcoal. 

ACXAIMCXDSS. (Anna Wolkow. Zci^sc/?r. /. Ckm, [2] vi. 677; vii. 422; DcuL 
Chenu Ges. Bcr, v. l.SU; Chem. Soc. J. [2] x. 147, 413). — This term is applitul to 
eerUiin bodies which, though formed on tho ammonia type, yet possess acid characters, 
such as tho products obtained by the action of benzoyl chlorido on sulphoLoluciiamlde, 
sulplioxyloiiamide, sulphocymonamide, and sulphonaphthalcnamido. 

The amides, N(C^II'SO-)Tl-, produced by tho action of ammonia on pira- and mota- 
tolucnesulphonic acids, are not decomposed by boiling potash-loy like amides in gene- 
ral, but yield crystollino compounds in wliicli oiio hydrogen-atom of the amide is replaced 
by i)otas.sium. These metallic derivatives arc extremely unstable, being decomposed even 
by carbonic acid, like tho metallic derivatives of tho alcohols and phonols, their 
nininonieical hydrogen not having acquired acid characters under tho influence of tlu’. 
add radicle C'lFSO-’. Jhit by treating those camides with tho chlorido of an acid 
radicle, such Jis benzoyl chlorido, products aro obtained having an acid reaction, and dis- 
solving in ammonia, also in alkaline carbonates, with evolution of carbonic anhydride. 
Thoir formation may bo illustrated by tho following cxamplo : — 

N -P C’H»OCl - IICl -I N |c*H *0 

Sulphotolacnamidc. Benzoyl-suIphotoluonAmide. 

By the action of phosphorus pentachlorido, theso tumides aro transformed into 
chlorinated amides by substitution of Cl for OH, e, g , : — 

fO’H'SO* fC'H’SO® 

N jC»H*0 PCI* « HCl + POCl* + Njc»H* 

'C1 

Honzogrl-Bulplkotolueuatnlde. Chlorobenzosulphotoliicnnjiildc. 

Bor descriptions of the individual compounds, seo Sulphotoluenamide, &c. 

„ACXDB. On the tiiermal effects of the combination of acids with bases, see 

Heat, 
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ACOXrzc ACID, This acid, originally obtained by Kekul6, by the action 

of alkalis on dibromopyrotarbiricacid: 

— 2HBr - cnVO\ 

has boon fiirtbor examined by F. Mcilly {Dent. Chem. Gen. Ber. vi. 2 12). It is vc^y 
Bolnblo in ■water, other, iiiul alcohol, an<l crystallises from the alcoholic solution in 
foliate groups of shining needles, mcltin.jj at 151°. i • • 

From the mode of I'ormation of {iconic .'icid, it might bo expected to bo bibasic ; 
but the constitution of its salts, M'C'TPO* and M"(0*II“0*)^, shows that it is really 
monobasic, like its homologiu-, niueonic acid ; and this conclusion is confinued by direct 
titration of the acid with caustic soda. 

Tho aconat,es are cJisily prepared by digesting the corresponding carbonates with 
aqueous aconic iicid. Tlmy mostly crysbillisc w'oil, and dissolve very ojisily in -water, 
excepting the silver salt, which is but sitfiringly soluble ; a solution of sodium aconato 
is not precipitated by the sjilts of the carth-niotals, or heavy meta.ls. Tho sedium salty 
NaC*Fi®0* -I- 3aq., form.s shining plates, or, by slow evaporation, woll-defiiiod crystals, 
■which efilopcscc over oil of vitriol. The silve)* salft Ag crystallis<5S on cooling 

from a hot solution in sinall shining lamiiifc. Tho i-rt//, !Ba(0*IPO‘)-, is very 

solublo in water, is proeijn’tated from the aqueous solution by Jilcohol, and crystallises 
fiMin liot alcohol in slender needles. It shrinks together strongly in drying, and gives 
o(f .'iboiit 2}, iinil. water at 150°. Tho eopjxr sally Oii(C'‘li'*0^)“ + 4nq., crystiillises in 
shining blue prisms, ■which give off their w-atcr with difficulty, acquiring at the same 
time a dirty green colour. Thn j:inc salty 7in(C®ir*0‘/‘ + 8aq., crystallises in largo 
moMsurablo eryst-ils ■with .strongly shining faces, melts belo-w 100° in its -water of 
cryslallisatiim, Jind then swells up strongly in d-rying. Methyl aconatCy (JIP.C'’JPO^, 
is formed by trcjiting the silver salt -unth methyl iodide, the action, which bogius in 
the cold, being eomjilel,ed by heating the mixture to 100° in a scaled tube. Tlie^ 
resulting methyl neonjito is dissolved out by ellier, and crystallises from the residue of 
tho etliijreal solution in long needles melting jit 85°, easily soluble in ether, motlo- 
ratcly in alcohol, sparingly in water. 

Aconic acid boiled for some hours with liaryta- water is resolved into formic and 
succinic acids, with intermediate formation of a body having the composition of 
oxyi laconic acid, 0*11*0“ : 

C'H'O* + IPO « C*IP0* 
and C-’HOO* + H*0 « CIPO^ + C‘IP0^ 

This decomposition of aconic acid is simihir to that of its liomologue, muconic acid, 
under the same circumstances ; the latter, when boiled with baryta- water, being con- 
verted into succinic and acetic acids. 

'I'he formation of aconic acid from clibromo-pyrotartaric iicid, its monobasicity, and 
its decomposition under the influence of baryta-water may perhaps bo represented ns 
follows ; 


ClPBr— CBr— COOH 

/ \ 
IIC““C— CO 

I - 2HBr » 

1 

CIP— COOH 

H»C— COOH 

Bibromopjrotartario acid. 

Aconie acid. 


A 


nc—c— CO 


HOHC-C-COOII 

COOH 

+ H»0 « 

H’Ij— COOH 

Aconic acid. 


OxyitBGonie acid. 

HOHC—C— COOH 

1 

+ H*0 - 

H 

1 

H«C— COOH 

1 

H«C— COOH 


COOH 

+ H®C— COOH 

Oxyitoconlc acid. 


Formic 

Sacclnlo add. 



acid. 



The constitutional formula here assigned to aconic acid represents it, on tho ono 
hand, as a monobasic acid ; on the other, as an anhydrido analogous to lactide. A 
similar constitution lias boon assigned by Dolbriick to muconic acid (jf.v.) 

ACOirZTB AXiBLASiOZBB. — 1. Aconitine . — This name appears to have 
been hitherto applied to several substances differing in their physical proportioB and 
physiological action. Scliroff (SchweigyPharm, Wbchcnschrift, 1665, 205 and 213} dis- 
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tinguishod an acrid and a narcotic prineipla in aconites, the former existing, with 
little or none of the Latter, in the Aconitum j'erox of Nep.al, whereas all the European 
aconites contain more or loss of the narcotic principle, the acrid principle being, how- 
ever, greatly prodoiiiin.ant in Aconitum Napclluit. The narcotic principle of aconite 
has been shown by T. and H. Smith to be identical vatli nnrcotiiio (formerly called 
Acondline (see SttppL p. ft 1). Eut oven the acrid alkaloid, tho aconitine, docs 
not appear to bo always tlio same when obtained from dilfijrcnt sources. According 
to Scliroff, from 8 to 10 milligrams of English aconitine (said to have been prepared 
by Morsoii from Acmiilnm ftrox) killed a ivibbit in six minutes, wlicrcas 400 milli- 
grams of a Gorman aconitine had prcjvioiisly been given to the same rabbit witlioiit 
killing it, and with pro<luction of different morbid symptoms. 

According to Ililbschmann {Arch, P/iarm. cxxxv. 2GC), Swiss aconltino (prepared 
by Geiger’s ]n’ocess, in tho same way as atropine from belladonna root, i. 474) is a 
white amorplioiis, somewhat coarse-grained powder, 'which does not adhere to psipor, 
and lias a strongly bitter, but. .scarcely burning taste. It becomes soft and plastic* in 
boiling water, and hax'dcns to a brittle substance oil cooling; dissolves in 2 parts of 
ether, 2’6 of chloroform, and 4*25 of alcohol, these .solvents leaving it on cvaixiration 
as an amorphous nia.s.s having a vitreous lustre, (^old beuzeme uiiito.s it into resinous 
drops and slowly dissolves it; on heating tho liquid, it dissolves quickly, and doc.s not 
8opar.ato on cooling. English aconitine, on the olhei* hand, is a fine dirty white 
powder, which adheres very .strongly to paper, and lias a burning, but not bitter taste. 
\Vhori iii)mor.secl in boiling water, it remains pulverulent ami does not melt. It 
roqiiircH for solution more tlian lOD parts of boiling i4,her, which, moreover, leaves a 
brown sulistanoo undissolvcd : the solution deposits small white cry.sta].s. Ono part of 
this aconitine tlissolves in 230 parts of chloroform and *1^ parts of boiling alcohol, 
from wliieli .sidiition it likewise cry.*itallises. Cold benzene colours it dark and leaves 
it in the state of pow'der ; on heating tho liquid, tho aconitine di.«t,solvcs and separates 
on cooling, ])artly in ciystils, pirtly in the state of powdex*. 

The term ‘crystallisiid aooiiitiiio ’ is appli(*d by Luqucsnol {Compi, rend. Ixxiii. 
207) to the active principle of Aconitum N<ip>clhsy prepared as follows : — 

Sidectod roots are pulverised and mixed with part of tartaric acid, and tho 

whole i.s exhausted with .strong alcohol ; tho extract obtiiuod is distilled out of contact 
wth air, and at a temperature not exceeding 60® ; and tho rcsiduo is taken up with 
water to separate fatty and i*c.sinmis bodies. The aqueous solution of impure .acoui- 
lino tartrate thus obtained is treated with ether to remove colouring matlors, 
prccdpiUitcd by an alkaline bicarbonate, and again treated avitli ether, which dissolves 
the, aikalohl ; ftom thi.s solution the base is obhiincd iji crystals by evaporation, after ad- 
dition of light potroloum oil, tho crystals being colourless, rliombic or hexagonal tables. 

Ncitlicr the alkaloid nor its salts with mineral acMs are afibetod by a tcuipcraturo 
of 100® or low'or, eitlior in the dry state or in contact with waiter; but at 100”, iu 
contact with air and its own peculiar extractive liquor, it partly or wholly disappears. 
It is almost insoluble in wator, but readily soiiiblo xn dilute acicts, oven in carbonic 
acid solution ; it is not volatile at 100°, but at 130° it begins to decompose, and, 
apparently, to volatilise. It is soluble in ether, alcohol, benzene, and especially in 
chloroform ; insoliihlo in glycerin and petroleum oils, hotii light and he.iv 3 \ It rotites 
the piano of polari.«iatiou to tho left, and is amorphous when obtiined b}’ ]n'oeipifc;ition 
of its salts by alkalis ; in thi.s condition it contains waiter of h 3 'drat)oii, which is lost 
at 100®, w’ilhout change of appearance ; it has a feeble nlkalino reaction. 

Duqunsnel finds in aconitine, prepared as above, 60*21 p.c. carbon, 7*44 hydrogen, 
2*61 nitrogen, and 29*74 oxy-gon; -whenco ho deduces tho improbable formula 
Ho regards it as a ghicosido, and considers that this view explains tho 
spontaneous deterioration of various pharmaceutical pre]).aratiotis of aconite on keeping. 

From experiments by Gr^hant and Duquosiiol {Compt. r&id, Ixxiii. 209 ; Chcitu 
Soc. J, [2] ix. 948), it appears that small doses of aconitine subcutaneously injected 
are analogous in their physiological effects to curarine, destroying tho motor power of 
nerves. 

2. Nap cl line, — ^This is an alkaloid obtained by Hiibsclimann (N. Eepert, Pharm, 
vi. 421) from crudo aconitino. The crudo base is treated with the smallest quantity of 
ether that will suffice to dissolve out tho aconitino ; the filtered solution is precipitated 
avith neutral lead acetate ; excess of lead is thrown down by hydrogen sulphide ; and 
tho^ filtrate is evapox*ated to dryness with addition of potassium carbonate.^ The 
residue is then exhausted with absolute alcohol, and the alcoholic solution is 
decolorised with animal charcoal and evaporated to dryness.* Napelline thus obtained 
is a Tt'hite electric powder, having a bitter; afterwards burning taste, and an alkaline 

* According to v. Pliuita’s. analysts, aoonitlue contains 67' D7 0., 8'79 H., 3*4227. and 10*82 0., lead* 
ing to tbe geaersily rccolTod formula (i. M). 
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reaction. It evolves nitrogonoiis vapours wlion burnt; neutralises acids compintoly , 
dissolves in water more easily than aconitine; and is thercforo not procipita ec rom 
dilute solution byamiiionin. It also dissolves more easily than aconitine in wea 
spirit, but less easily in ether. 

3. Acolyctinc and wine. —These alkaloids, first oUiiincd by Huhsch- 

lann from the root of wolfsbane {Aconitum Ist Swpin. 79 )>. 


been further examined by Schroff(Ar. Beimt. Pharm. xx. Cll, TOS), Tvhose deacnphim 
of acolyctine agrees M’ith that given by nUbschnianii. Lyeoctonino ci^staUi-ses, 
according to Schroff, ill wliito prisms and noodles, having an intensely bitter tas , 
Bolublo m alcohol, chloroform, ether, benzene, amylic alcohol, petroleum spint, 
almonds, and oil of turpentine ; only sparingly soluble in water (1 part in 800 at 7 ) . 
its aqueous solution gives, with bromino-wator, a yellow procipibite of microscopic 
needles, and with potassio-niorciiric iodide, a thick prccipitjito becoming crystalline on 


standing. * ^ • i r 

From a largo number of physiological expcrinionts made on men, rabbits, aiicl frogs, 
it appears that the action of ac'olyctino and of lyeoctonino is analogous to that oi 
aconitine, and about one-third as energetic as that of napolline. 

On the Alkalmds of Aconite^ see also Fliickiger, Arch. I^harm, [2] cxli. 196; Jdhresh. 


1870, 836. 

ACORVS 01 Im» See Oils, Volatile. 


ACKXDXXriS, (Graobe a. Caro, Ch. PArtrm. clviii. 265). — A basic 

substance obt'iincd from crude anthracene. When the scini-soliil portion of 
naphl ha, which boils between 300® and 360®, is treated with dilute sulphuric acid, and 
the acid solution is precipitated with potassium dichromato,^ a dirty brown precipitate 
is obtained which dissolves on ropoatod treatment with boiling water; and the resiilt- 
ing solution, after filtration and cooling, yields orange-yellow crystals of acruhiia 
chromate. Tln^se, when freed from mother-liquor by 'washing,^ and heiited with 
ammonia, yield tho free base, which may bo purified by converting it into hydrochlondo, 
rocrystallising, and again precipitating with ammonia. 

Acridine crystallises in small, brownish-yellow, transparent, four-siilcd rectangular 
prisms of the rhombic system, often having their edges only narrowly truncated by 
tho vertical prisms ooF, jind terminated by obtuse domes. This combination (fig. 1) 
is represented by the formula qoPqo, oopoo, Pco. ooP. 


Fig. h 



Axes a:fj:c =» O 0656 ; 1 : 0'3316. 


AnKlt;.<. Calc, Obs. 

ooP:a>P -= 113°30' 

ooP: oof oo =. 123®!'/ 

pQO : Poo = I 4300 ' 143®.y 

I»oo: coPco = 108°30' 


Acridine molts at 107®i distils without alteration at a temperature above 360*^, 
and sublimes even below its molting jxiint in largo broad needles. Its vapour-density 
is by experiment 6'10, agreeing nearly with that required by the formula G’*H®N : 


12 . 12 + 9 .1 + 14 
2 


X *0 0693 - 6-85 (Gracbo, Deut. Ckem. Gcs. Ser. t. 16). 


It ia 


almost insoluble in cold, .md but slightly soluble in boiling water ; but disaolvea 
readily in alcohol, other, carbon bisulphide, and hydrocarbons. Tho dilute solution 
show a beautiful blue colour by reflected light. 

Acridine exerts a slight but distinct alkaline reaction on litmus. WheiL inhaled, 
either in dust or in vapour, it causes sneezing, and, in a largo quantity, oo^hing ; 
the initating action of the higher fractions of coal naphtha is probably attributable 
to acridine. It is exceedingly stable, not being altered by potassium hydrate, whether 
tttcilted in an open vessel or heated to 280® with a small quantity of water, 0 by concen- 
trated hydrochloric acid at the same tomperatiiro. It may . bo distilled unaltered, 
* Kraut (Gmelin*! Ifaudimkj zvli. 177) asks, * What becomes of the potaBriam Stoetato V 
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OTor (iitlior ignited zinc or soda-lime. It is equally unaffected by oxidising agents ; 
readily attacked by Hodium-aiuMlgam. Potassium didiroiiiato and sulphuric ai-icl 
conrort it into a browidsh-red substance, \irliirh does not yield any crysljilliue body. 
Ethyl iodide simply adds itself on to acridine, but without effecting a substitution. 

Tho salts of acridine crystalliso readih% but aro not very .sUiblo, splitting up pnrl ielly 
or wholly wlien Ijoiled with water; thus the ucctato is comiiletely decoinposod when its 
aqueous solution is evaporated, and oven tho sulphate and hydrochloride tiro partially 
decoinposod on boiling. 

^\criilino does not form a carbonate, and may bo precipitated in tho free state from 
fioliition.s of its salts by sodium carbouato. I'liern appear to bo two series of salts, all 
of which aro yellow, Tho composition of some of these .salts, and that of liydroacii- 
diiio {infra) might lead to the conclusion that the triio formula of aoridiiui is 
but the vapour-dons it, y shows that it is C^-JPX. 

Tho hydrochlx)rxde, (J'"H’'N.TIC1 + H-O, is formed by direct .combination of acridine 
with hydrochloric acid, tho latter being in exccs.s, and crystallises from water on cool- 
ing in - browiiisli-j’ollow priRinalic crystals, often .several incJies long. It must bo 
w'a.shcd with dilute hydrochloric acid, as it 2 ’eadily gives up liydi'oehloj-ic acid. to 
water. It effloroscos over sulphuric acid, and at the sanm time its brown-yellow 
colour becomes pure yellow; tho cflloro.sccd salt still contains two molecules of water, 
from which it cannot bo freed without loss of Jiydrochlorit; acid. It also loses acid Ijy 
long .standing in tho exsiccator. It is readily soluble in water, but moro easily in liot 
than in C(dd; its solubility is decroasud by tho i)rcsoiico of hydrocJiloric acid. In 
alcohol it dissolves but sparingl 3 \ 

Tho platinochlorid^, 2(C**iT.”N.TTCl).PtCP, is procipiLatod from a solution of acridino 
in exc(?ss of hydrochloric acid by platinic <‘blorido, as a yellow ei-ystallino procipituto 
consi.sting of microscopic needles. It is scarcoly soluble in winter, and is gradually 
deeornposod by boiling with wat<‘r. The aarw/z/or/r/c, C'-lPN.TICl.AiiCJ^, is prepared 
iira. siinihir niaiiner. Tho mti'curochloridr^ 2(0’*ll‘'N.lTCl).ITgCl'-, is a yollow crystiil- 
Jiue ]U'('cipilato. 

.dfTzrfiwc /icnWnfc, 2(C*-7l‘®N.IIT).r-,i8 obtiinod as a brownish-red crystfilliiio preci- 
pitate by a<lding an aleoholic solution of iodine to a solution of acridino hydriodide, 
Hiid m/iy bo pnrifiod by ropoatodrccrystallisat ion from hot .'ilcohol. Jt forms brownish- 
red t'lblos, -which, by slow crystollisation, may bo obtained very largo, and then 
appear almost black. In powder it ai>pcnrs light brownish-rod. It is easily soluldo 
in Jiot. alcohol, loss so in cold. Wntor precipitates it from its alcoholic solution as a 
brown crystalline) pi-eci pi t-ito : tho precipitate is slowly decomposed by l)oiling with 
-water, iodine? being liberated and acridino hydriodide i>a,9siiig into solution. Tho 
same decomposition is produced by treating tho liucly-powdored salt >vith a solu- 
tion of snlplinrous acid. A compound containing even more iodine appears to exist. 

J5y heating acridino -with e/Z/yi iodide^ two compounds are obtained, Avhicli, liOM'over, 
are diflicult to purify, and iiavo not yot l^ecn accurately examinod. 

Tlio nitrate is readily soluble in water, and crystallises in yellow' noodles. 

TIjo ftvlphote, 2C‘*I1“N.H-iS0‘ 1 11*0, precipitated from a ]>oiling solution of acridino 
in dilute siilplniric acid on cooling (tho sulphuric jvcid not being in great oxcers.s), 
forms golden -yellow needles ; by slow cr^Titallisation it is obtained in tolerably largo 
prismatic cr^'stals ; they oflloresco over sulphuric acid, but still retain one molecnlo of 
water of crystal lisati on, -W’hich is not given up till the temperature is rai.sed to 5)0° or 
100°, and then acridino sublimes. This salt i.s readily soluble in hot w'ator, loss so 
in cold, and very little soluble in alcohol. The acid suIphatCf 4C'=H“N.31^‘'SO^ is 
precipitated by alcohol from a strong sulphuric acid solution of tho baso, in tlie form 
of yellow needles. It is readily soluble in w'ator, and difficultly in alcohol ; by ro- 
crystallisation from wnter it is converted into the neutr:il salt. 

Tho .awrf chromate^ C**H''N.H-CrO*, is tho compound employed in obtaining acri- 
dine ; its preparation has boon already described. It is soluble in a large volamo of 
boiling water, but nearly insoluble in cold water. By rccrystallisation from w'ater 
vhich does not contain an excess of potassium dicliromate, a chromous compound 
is obtained. If the dry salt bo heated, tho baso volatilises unaltered, leaving chromic 
oxide, 

Witro-aorldliiett^ Acridino warmed -with Tiitric acid of sp, gr. about 1*45, is 
readily attacked, yielding, according to circumstances, mono- or di -substitution products, 
gonomlly both topjther. These compounds are readily separated, ns totrani tro-acridi ne 
does not unite -with acids. On diluting with -water, the diiiitrated compound separates, 
as ati omnge-rod precipitate, while tho mononitro-compounds, of which there are two,. 
Remain in solution ; tho last-mentioned bodies maybe precipitated by ammonia, and 
Separated by rocrystallisation from alcohol. * 

Oisi£»(lfO“)N, which is the less soluble of the two, crystallisos 
from alcohol in golden-yellow plates, resembling chloranil; it melts at 214° and may 
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bo sublimed imaltcrod in plates. It is insoluble in water, slightly soluble in cold 
alcohol, rather more so iu boiling alcohol, slightly in otlier, and -with moderate facility 
in chloroform. It forms salts with acids, which resemble the acridine salts, but in 
dilute solution they do not exhibit the boa\itit\il blue lliiorcsconco. Tlio sulphate 
separates from a hot aqueous solution in golden-yellow crystals either ucicular or 
pinsmatic ; it is readily soluldo in hot Aval or, less so in cold water. The hydro- 
chloride forms yellow prismatic crystels, easily soluble in water. The hydriodido 
is similar to tlio hydrochloride, and, like acridine h3-driodldo, forms :i hj’periorlido. 

^•‘Nitroacridine crystellises in hard plates or tables, frequently in Avarty masses, 
especially when not quite pure. In hot alcohol it is readily soluble ; less so in cold 
alcohol, and insoluble in w'ater. It molts at 154°. With aeids it forms salts which 
rosemblo those of the preceding body^. 

C**IP(NO-)-^^ oblained as above described, or iji gi'eator quantity 
by heating acridino with a inixture of sulphuric and nitric acids for nomo hours in Iho 
water-bath, and is precipitated on dilnlingtho acid liquid with wafer. After washing 
with hot water, and recrj'stallisation from glacial acetic acid, it is obtained in reddish- 
yellow tables. Ill alcoliol, ctlmr, and bcuzoiio, it dissolves with difficulty, more easily 
in boiling glacial acetic acid. 

BydroacridlnOf is formed by* the action of sodium -amalgam on an 

aqueous or alcobolic solution of ncridiiie, and-Tnay be piirilicd from acridino l)y treat- 
ment with acid and solulion in ahroliol, the latter dissolving the hydroricridiiie, anti 
leaving !i white body, called ‘ insoluble liydroacridino.’ Ilydroacridino crystellisos in 
colourless pmsms, slightly soliiMc in cold alcohol, easily in hot alcoliol and ether, but 
insoluble in water. It melts at 100°, and may bo sublimed in prismatic crystals; 
wlu'U further heated it distils, but not W'ithoiit decomposition. It, is not attacked by 
dilute acids, dissolves in cold coneeiitrated sulphurie acid, and is precipitated im- 
alt<^red on the addition of water. If the siilpliurie acid solution bo hcabul to 100° 
and then diluted, no precipitation takes place, but a yellow solut ion is formed, from 
whicli ammonia prcci]utatf\s acridino. WJioii it is oxidised with dilute solution of 
potassium dlchromato and sidphuric acid, acridino cliromato is procipitated, and 
chromium sulphnto remains in solution. Sodium-amalgam converts the boiling alco- 
holic solution of liydroacridino for tlio most part into t ho above -montioiied insolublo 
liydroacridino. Hydroacridino treated with concentrated hydriodic acid yields a salt 
of acridino and a second baso, which is either fluid or has a low molting point. 

lusnluhlc hifflroacridincy C'“'IT--N'(?) docs not dissolve in alcohol, other, bonzonc, 
CJirbon bisulphide, or chloroform; it is slowly dissolved by boiling nitrobonzoue, 
but is, at the same time, converted into acridine. It dissolves in concentrated siil- 
phuric acid when gently warmed, but i.««, at the same time, oxidised to acridino. 
When heated it sublimes, but the sublimate is soluble in alcohol, and consists of a 
mixture of acridino and liydroacridino. 

ACROXiSnr. C’lPO . — Acrylic aldehyde. According teCl.TUS {T>riit. Clurni. frrs. 
Her. iii. 401), tho product obtained by tlio action of zinc and siilplinric acid on acrolein 
consist, s mainly of allyl alcohol, (compare Idriii(?m;inri, l.vi Suppf. 55). Jly 

sodium-amalgam, acrolein is alinoRt wholly converted into tho polymeric compound, 
lioxacrolcic acid, (iii. 151). 

Acrolein absorbs ryanio acid with avidity, and on tro.iting the product with hydro- 
chloric acid and leaving it to cool, the trigeuic iicid of l.lie allyl series, 

Boparatos in .colourless uocdles, which dissolve, with some difficulty, in water : 

C^ll‘0 + 3CNHO « CO» + 

(M< Ims, Zeiteehr, /, Chem. [2] rii. 27). ^ 

When hydrogen sulphide is passed into tho acid diatillato obtained by heating 
glycerin with potassium sulphate, a x>alo yellow oil separates, which coagulates to a 
resinous mass on treatment with hydrochloric sicid. It gave by analysis 40-4 p. c, 
carbon, 6'75 hydrogen, and 23‘65 sulphur, numbers whicli do not lead to any simple 
formula (E. Mulder, Zeitachr. f. Chem. v. 69). 

Tho basic product which Claus obtained by 'distillation of acroloin-ammoma 
Suppt, 66), appears, from further investigation, to have been a mixture of pioolino, 
C"H'N ^obtained by Bacycr, 1st Suppl. 944), and a bfiso, decomposed by distillation, 
which IS either isomeric with acrolein-ammonia, or intermediate between that 
compound and picoline (Ann, Ch, Vharm. clviii. 222 ; Chem. Soc. J. [2] ix. 637). 

ACRTXiXCACnB. C“H^02=CH*Z:CH--CO-’H.— This acid is formed: 1. By 
heating 1 mol. a-iodopropionic acid with 2 mol. potassium etliylato in a flask plac^ in 
a water-bath and provided with an upright condeiiscr : 

CII»-CHI~CO*H + KC*IPO *= KI -H C*II«0 + CH»I=0H-C0*H 
(roQ Schneider Erlenm'oyer, DcuU CHm^ Ges, Ber, iii. 339). 
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2. By boating /:J-io(lopropionic acid with Icad-oxido : 

2(cjpi— cip— co-H) -I- Vho = PbP + IPO + 2(ciP=cn-co=n). 

On tlio otliri* Ijand, acrylic acid is completely converted into j8-io(lopropionic acid 
by boating it for three hours to 100° with concentrated hj^lriodic acid (Wislicomis, 
An7i. Ch. Pkarm, clxvi). 

3. I’ogethep with nf)rinal propyl alcohol and other products, by heating allyl 
alcohol with potassium hydrate (Tollens, Zeiisr^r./. Chew. [2] vi. -167). 

4. By oxidising tlie dibroniitle of aJlyl alcohol, (PJP Rr-0, with chromic or nitric .acid, 
wlieroby it is converted into dibromopropionic acid, C“H^Br-0‘“, and dcbroniinating 
this body with zinc-dnst (Tollens, ihid^ vii. 306) : 


CIPBr 

CIP 

1 1 

1 

CHBp — Br« 

II 

CH 

1 

COOTT 

1 

COOH. 


Pure .acrylic acid prepared from Iho loJid-salt has .a pccnliar pungent odour, and 
boils at ]40°-150°. On cooling it to 16°, half of the liquid solidifies to quadratic 
tables (Caspfiry .a. Tolloris, I)euf. Chcr,n. Gcs. Bar. v. 600). 

According to Li nnemaun (Ann. Ch. Phm’m. clxiii. 96), acrylic .acid boils at nearly 
the same trnipcratiirc as propionic acid, but is converted iiiU) a cr^'sl alii no mass at 
+ 7°, and mortuiver lias a tendency to pass into a white amorphous mass, analogous 
ill properties to ilisacryl. It combiin'S with hydriodic, li^'drobromic, and liydrocliloric 
acitls, forming suhstii.utofl propionic acids. The compound with liydriodic acid is 
identical witJi tha hdo/n-opiouia acid ohtixhml fiom glycerin; that with hydrobromic 
acid is idoiitical with the isohromopropumic acid of Kichter, obtained with bromino 
and idopropiouic acid ; but the hydrochloric acid compound melts 20° lower than 
/3-dilonipropionic acid, Wieholhaiis giving the molting point of glycerin chloropro- 
pionic acid at 65°; and Richter, llial, of the acid from iodopropionic acid and chlorine, at 
68°; wJiilo the acrylic acid derivative molts at 40*6° (corrected). Tlio elhylic ether of 
I Ills acid also boils at a higlior tomporaturo tlian the chloropropionic ether of Wichol- 
haus. 

The sodium-salt prepared from .aciylic acid, purified by fractional distillation, ronains 
nnaltorcd on cxpo.suro to the air. The aqueous solution of sUvvr acrylate may bo 
boiled find oven evaporated to dryness at 100° without reduction of the silver. 
There are two basic acrylates of /cr/rf, which are soluble in water; the normal lead - 
salt conUiiiis water of crystallisation which is not removed by diying over sulphuric 
acid (Linneinann, Uml. 3G0). 

Fj)iyl acrylate, C’'ll''(C-iP)0-, is easily prepared by the action of zinc and sulphuric 
acid on an alcoholic soliiliou of ethyl.'ito dibromopropionate : C^JI’(C*IP)Br‘0^ + Zn 
s=/inBr- + C®JP(C"JP)0'-. It is .a colourless liqn 1(1 boiling at 100°-101°, and having 
an extremely penetrating, but not unpleasant odour (Caspary a. Tollens), 

ADA.MBIL&OG'ltAirXTB. A rock belonging to the Adamcllo grou^ in the 
Tyrol (south of tho Ortler). It is regarded by v. Ihith as a peculiar species ; but 
according to Baltzcr (Dcut. Ckc7n. Gcs. Iter. \. 983), it is a variety of ^anito. 

Tho mica contained in it gives by analysis (after drying at 100°) : 

6i0*. Fe=0". AW. FoO. MgO. CaO. K"0. Na^O. 

36*43 16*71 14*40 17*40 6-87 1*66 6*64 0*03 - 99*04 

Tlie oxygon ratio is MO : M*0“ : SiO* » 4 : 6*88 : 9*72, whence it may be inferred 
Uiat the mica is included in the gencr<al formula of the magnesia micas — 
m (2MO.SiO=) + 9i(2M*0».3Si02), 

and that it exhibits tho hitherto UDobsorved caso in which Tie » 2, M » 1, so that its 
formula is — 

2(2MO.SiO*) + 2M=0*.3Si0*. 

It is therefore n ferrous inagiicsia mica, allied to Soltmann's lopidomolane (iii, 574), 
in which m « 1, li =s 1, and to Schoerer’s magnesia mica from the zircon-syenite of 
Norway (m » 3, 92 = 1). 

ADAMXITB. 4ZnO.A8^0* + H'O. — ^This mineral, first obtained from Ghauar- 
rillo, in Chile, and aimlysod by Eriodcl (Is^ 8uppl. 57), lias also boon found at Cape 
Garonne (B^partement du Var) in small crystals of the form ooP. Poo , rarely with P, 
ngrooing exactly in thoir angles with those of Gie Chilian mineral measured by 
Bes Cloizeaux, Tho finest crystals are rose-red, others incliuo to green, grey, and 
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brown tints, and a few aro white. Lenticular grains and crystalline aggregates like- 
wise occur. One of these latter (Analysis A) agrees exactly in composition with the 
formula of adainiiio; .'mother aggregate (15), contiiining a considerable quantity of 
copper, exhibits a transition to olivouito, with which adamino is isomorjjhous and "with 
which it often occurs intergrown (Pisani, Com^L rmd, Ixx, 1001). Analysis C is by 
Damour {ibid. Ixvii. 1121): 



As’O' 

ZnO 

CuO 

GoO 

CnO 

IPO 


A. 

38-50 

62-50 



3-92 

— 

3-67 = 

98-49 

B. 

39-85 

31-86 

23*45 

0-62 

0-87 

3-G8 =* 

100-22 

C. 

39-24 

49-11 

1-76 

61C 

— 

4-25 = 

99-51 


The specimen G also contains traces of ferric oxide. 

ADZPZC ACZD. The ortlinary or a mmlification of this acid, (CII.CH*)*. 

(CGOil)^ w'hich Wislicenua obtiincd in small qiuintity by tluj action of finely diridod 
silver or copper on /8-iodojiropionic acid (bs/ Stfjipi. .'iS), is ]>ro(liiccd much more 
abiiiidnntly by similar troatinont of a-broiiK)j>ropionic acid. With silver the action 
takes place at orilinary tenipcraturos, and is .attended with considcpa.blo evolution of 
heat; with ooppor applic.ation of heat is necessary. The reaction in eitlier case liaA'ing 
been completed at loO^-lGO^’, the julipic acid m;iy bo oxtr.actod from tlio prtxUict by 
Avator, and piirilicd l)y ncntralising Anth .ammouin, precipitating with basic lead 
acetate, aiid decomposing the lead salt Avith liytlrogen siilpliidc. The filtrate 
CA'aporatod oA^r the walcp-bath IcaA^es .a strongly acid syrup, Avliich exhibits signs of 
ineipiout crystallisation only after standing for some months over oil of Autriol. The 
solution of the neutral ammonium s.alt giA'es off on evaporation ,'i largo quantity of 
ammonia, and is converted into the cxtiviiudy soluble acid salt; Avheu recently pre- 
pared, this solution gives a gummy xirecipibito Anth ferric salts, and a flocculent 
procipitixte AvitU load salts. I'he lead salt, Avhich soon becomes denser, has the com- 
position MPPbO^ (AVislicenus, Dviit. Chem. 6'cvf. Ber. ii. 7-0). 

The same acid is readily formed by treating hydromuconic acid,C‘*TPO\ with water 
and a largo quantity of sodium-amalgam (Limprieht, Amu Ch. Bhurm. clxv. 2.')3). 

Adipic acid is also produced, togc^thor w'itli acetic and carbonic acids, by oxidation 
of phopono Avith chromic acid (Kachler, ibid, clxiv. 76): 

C®n»0 + O’ + CWO* + CO®. 


Bromadlplc BAii^^t—Monohrowadijne acul^ C'*IT“BrO^ is obtained by lieating 
1 mol. adipic acid with 2 atoms bromine to 160° in sealed tubes. It is a solid, dark- 
coloured body, having an odour of camphor, A’^cry soluble in ether, and partially 
decx)mposod by Avator, By boiling with potash it is converted into a d i p o m a 1 i c acid, 


Bibromadipic acid, C'TPBr^OSis produced by heating 1 mol. adipic acid Avith 4 at. 
bromiuo, in sealed tubes, to 170° ; if this teniporaturo is exceeded the mass becomes 
C!irl)om.sed. It is a ycUoA\ish, inilveralont, unstable snlistanco smelling like camphor; 
dissolves easily, but Avith decomposition, in Avab^r, and after two crysUilliaationa 
retains only 9-3 (instead of 62-6) pure bromine. When he.atcd Avith watesr to 160° 
for some hours, it in coriA'crtcd into adipotartaric acid, C'll'^O® (H. Gal and 
J. Gay-Lussac, Compt. rend. Jxx. 1176). 

The same, or an isomeric acid, is contained in the mothor-liqiiors of bromhydro- 
muconic acid (produced by atlding bromine to a hot aqueous .solution of hytlromiiconic 
acid), and is obbiined in larger quantity by adding bromine to a hot saturated solution 
of bromhydromuconic acid. It has not been isolated from these liquors, but its 
oxistenco was proved by the action of silver oxide on its aqueous solution whereby it 
is converted into dioxy adipic acid, C®II*®0® (Limprieht). 

Jsodihromadipic acid is formed by adding bromine to a worm solution of 
hydromuconic .-icid in glacial acetic acid. It is readily soluble in alcohol, ether, and 
hot water, sparingly in cold water, and crystalli.ses in nodular groups of white needles. 
Between 176® and 190°, it molts and decomposes with ebullition. The barium gait, 
C-H^Br^BaO* + II®0, is an indistinct crystalline mass. The acid heated with water 
and sodium-amalgam is lejeonverted into hydromuconic acid (Limprieht). 

^K^^^omidipio acid, C*H^Bt^O*, is formed by adding bromine to a solution of 
hydromuconic acid heated on a water-bath. A colourless oil, smelling like popper tdion 
separates out, and the watery liquid on standing deposits tribromadipic acid in small 
white needles, melting at 1 77®'l 80°. Its solution boiled with baryta-Avater yields the 

banum salt of trioxy adipic acid, (Limprieht). 

Tetrabromadipio acid, CmWO*, is formed in small quantity when 1 mol. of 
Aydromuconic acid is heated with 3 mols, bromine and some water to 1 00® for seven hours ; 
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a largo quantity of carbon dioxide and tho pungent oil above mentionod are fomiod 
at the Kamo lime. Tho a\:id dissolves sparingly in water, easily in aleoliol and etlusp, 
and is decomposed wlnai its alcoholic Kuhitioii is boiled, yielding a volalilo conijioniui 
which has an ethereal odour. "Whon hoatod to 200°-211°, it melts and blackens 
(Linipricht). 

Oxyadlplc acids.— or Adipomalio acid, C®II*W ~ 
(:'41"(1I0)0*, is prepared by treating moiiobroniadipic acid with potjish, decomposing 
till! resulting potassium-salt with liydrochloric acid, .and extracting witli alcohol, and 
remains, on evaporating tim alcoholic .solution, ns a light yellow acid liquid, wliieh, 
after some time, is partly converted into an indistinctly crystalliuo mass. The 
n(pi(M)ii.s solution gives with load acetate a white precipitate, wliich melts when tho 
liquid is hcatcKl, and solidifies on cooling to a somewhat hard browih.sh mass. This 
lead salt dissolves in a small quantity of a hot solution of lend acetiito, ami separates 
therefrom in nacrcoii.s scale.s having tho composition CWPbQs + .'Jll-’O. Wiien 
decomposed with liydrogeii sulphide, it yields a vi.scid mass exactly like tho original 
acid. TJie ammonium salt crystallises imperfectly ; tho potassium salt not at all 
(Gal a. Gay-liussac, loc. dt.). 

l)ioxyadipic acid, is produced, as above stated, by the action of silver 

oxide on the aqueous solution of dibromadipic acid, and remains on evaporation as an 
iiiicry.stnUis.il)l(i syrup soluble in alcohol and etlusr. Tho barium salt is formeil by 
boiling a solution of dibromadipic acid with barytii-wntAir. It is very soluble in vvater, 
and is pri'cipi fated by alcohol ns a liygroscopic crystallirio powder, C“JPPaO« + -I JT-O, 

^^ llicll loses liiiif its walcr at 150'^, and begins to decompose at IdO”. Its solution is 
precipitated by lead ami silver salts (Limpricdit), 

An acid isomeric with this, and called adi polar tari c acid, is produced by 
healing pul venilont dibromadipic acid with water to 150*^ for several hours, anti 
evaporating. It taskis like tho fruit-acid.s, is inodorakly soluble in alcohol and ether, 
niiich more soluble in boiling than in cold water, and always Koywirak^s from solution 
ill well-didinml monoclinic lariiiiim. It has no action on jiolarised light. Its solution, 
agitated with |X)tasli-loy, yields n cry.stMllirio jirccipitato resembling crotim of tartar. 
■\VitIi ammonia it forms salts which crystallise with facility (Gal a. Gay-Lussac). 

Trioxyadipic acid, — The barium salt of thi.s acid is formed by boil- 

ing tribrornadipic acid with baryta-water. It is very soluble in water, and romnins on 
evaporation a.s an amorphous tran.sparent mass, and is preeiiutated by alcohol ns a 
light white powder, IC“I[“BaO» + 3II-0, which loses one-third of its wat er at 80°, 
being reduced to 2C‘'II'‘IJaO^ -p 11*0. Its aqueous solution gives white precipitates 
\^i!h lead and silver salts, reddish -yellow with ferric salts. 

add, K<jparakd from the barium salt by sulpluirioacid, is readily soluble in 
w.‘i1,( rand in alcohol.^ By adding alcohol and benzene to its concoiitrated aqueous 
sol niion, and leaving it to ova|rarato slowly, it is obtained in prisms. Its alcoholic 
solution turns red on evaporation, without yielding crystals, and the aqueous solution 
bf‘cume.s y(diowish-brow'U and colours tho skin intensely yellow (Limpricht). 

JBSCUliZXr, and JESCVXiZSTnr, G“H‘'0* (Schiflf, JJeid. C/icm, Ges, 

Her. iii. 3GG ; iv. 472). — .fl^sculiii is converted by acetic, anhydride into 
hexacotylmscnlin, C*'‘H'®(CW0)‘'0® and by aniline into trianilaesculin, 
C‘^H’*0®(C*II*.hi')’.— -ililsculotin, treated with acetic anhydride, yields woll-crystallised 
tviacotylaesculetin, C®JP(02IP())»0^ a compound previously obtained by Nach- 
baiir (Ana. Ch. Vharm. evii. 248). Aniline acts readily on acsculetin, and by heating 
the two bodies together to 200° trianilajsculetin, C®IPO(C“H*.N)», is ultimately 
obtJiined in tho form of a brown amorphous powder soluble with rod colour in alcohol. 

Pa r aise 111 otin (Isi 8 u 2 )pl. 69) has tho lu’oportios of an aldehyde, and acts as a 
poworiul deoxidi.sing agont, reducing alkaline cupric tartrate, indigo, silver-salts, &c., . 
ui the cold. It is acted upon by aniline more easily than scscnletiii, likewise yielding 
iriMnihrscuIctin as ultimate product It is not acted upon by acetic anhydride. 

'file above reactions may bo explained by the following constitutional formula* : — 


2iscnlctin. 


C®IP 


fCII.0 

C.OH 

C.OH 

lOH 


Fanuesculctin. 


C®H= 


fCH.O 

CH.6 

CH.0 

lOH 


In tho conversion of paraflesculotin into trianilaesculetin, the 3 atoms of aldchydic 
t«ygon are directly replaced by tlio bivalent imidogen group NC®H^ whereas in tho 
case ot aesculetin, the alcoholic CToiips C.OH must first bo converted, under tho influence 
oJ tile high temperature, into tho aldqhydio groups CH.0; honcotho greater facUity 
01 tno transformation in tho former case. 
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By fusion with potash, scsculctin is oonyorted into formic and protocatochuic acids, 
according to tho equation : 

C’H? j(^,0H)» + an^o + o» = +20 e-o^ 

The constitution of ccscidin may be roprosentodby tho formula; 

rcH,o 

(CII.OIIV 

lo / 

fC.OlI 

C^HMC.OU 

ICH.O 

AGAIfcZO. Some agavioB conbiin mnniiitc ; othovs mycoso or tivlialoso (iii. 10G8) ; 
others again contain both thoso sugars in very variablo proportions ; andsonio contain 
murinlti;, trohaloso, and another sugar, tlio iiaturo of uliicU has not yet boon fully 
doterniinod. Botanical analogy aifords no giiido lo tJm kind of sugar present, for in 
species closely allied, growing in the samo soil and under tho sanio conditions, somo 
conhiiii niaiinito only and others trehalose only (A. Muntz, Contpt. irnd. Ixxvi. G19). 

Aijancm foeieHn contains, according to Taci 605), 67'2() i). c. W'liter, ()‘G0 

mannito, poetic acid, 4‘65 fibrin, 1*55 bassorin, 2O‘0D ligneous matter, O'GS fat, 
acids, colouring and odorous inatter, and 513 ash. 

Tho larch-agaric (^liolettm Laricis) pulverised, dried, and treated with pure 
anhydrous ether, yields two subststiices, viz. ; 1. A. red-brow'U amorphous sub- 

stance, called agaric resin, soluble ill alcohol, wood-spirit, chloroform, and acetic 
acid, insoluble in benzene and carbon bisulphide, and saitl to have the composition 
— 2. Agaricic acid, wliicli cryshiUisos in tnl’ts of insodles, melts at 
H5'7®» gives off’ water and tiiniB brow'll at a somowhat higher tumporatnre. It dis- 
solves Very easily in alcohol, less easily in chloroform, very sparingly in other and 
acetic swiid, still less in carbon bisulphide and bouzenc. When tlio alcoholic solution 
is distilled, tlio acid volatilises with tho alcohol vapour. Its sodiinn-salt is precipitated 
by alcohol in amorphous flocks which, in the course of 24 hours, change to long 
needles, often united in concentric groups. Metallic salts give, with the dilute 
solutions, mostly crystiillino precipitates (h’leiiry, J. Idiunn. 1 4] x, 202). 

AOOXrZAXIZXr. A non-azotised, crystalline bitter substance, extracted, 
together ivith tannic aculs, rosins, from Agoiiiada bark (tiro bark of IHumeria 
lanoifulia\ which is used in Brazil as a rmnody for intermittent fever. It separates 
from dilute solnt-ions in sUllato groups of noodles having a silky lustre; from coucoii- 
trated solutions in warty groups of crystals. It molts when heated, but does not 
Bublime. It is inodorous, very bitter, nc:irly iusolulde in ether, easily in ether- 
alcohol, carbon bisulphide, and liot alcohol. Cold water dissolves only traces of it ; 
boiling water di.ssolves it i ii imed lately , .-ind deposit:^ it in wdiito flocks on cooling. It 
dissolves easily in pobisli and aimuonia, Strong sulphuric acid dissolves it with 
gold-yellow colour, which after a while pusses into groonisli. On addition of fuming 
nitric acid, this solution passes into dark yellow, and deposits yellow crystiillino 
flocks. Dilute sulphuric acid dissolves agon iadiu niily w'hcn warmed; the solution 
becomes coloun‘.d on boiling, and thou exhibits tho reactions of sugar. Agoiiiadin is 
allied in composition to arbntin, but not identical with it. From an analysis by 
Gouther, it appears to have tho composition (Peckolt, Arch, Vharm, [2] 

cxlii. 34). 

A&AWZWS, or AMZBOXA.CTZC ACZB. is produced, together with 

lactic acid, by boiling a-chloropropionic acid witli atpicous ammonia, See Lactic 
Acid. 

A&SZTS. See Felspah. 

A&BVMZSr. See Fuoteids. 

AliCOHOXiS. 1. Simvltaneous distillation of Water and certain Alcohols 
insoluble in Water. — When a mixture of amylic alcohol and water is submitted to 
distillation, ebullition begins at 96®, and remains remarkably constant at this point ; 
HQ long as these temperatures remain constant, the volumes of water and of amylic 
alcohol condensed during’ any given time are invariably in a constant ratio, viz. 2 to 
3, and tho temperature iloes not begin to rise until cither tho water or the alcohol has 
wholly distilled over, leaving a sur|jlus of alcohol or of water (as the case may bo) 
in tlio retort; if the water was originally more than two-thirds of tho volume of the 
alcohol, tho temporaturo rises to 100® as soon as the whole of tho alcohol has distilled 
over; but if less than tho two-thirds of water was originally present, the boiliofl 
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point pisflB to 130° os soon as tlio whole of the water lias distilled over, amylio 
nicohol only bfiing thon loft. 

lliilylic alcohol givos procisoly analogous results, tlio volumetric ratio in this onso 
being 1 of uator to 5 of alcohol; the boiling point of the mixt.iiro is perfectly con- 
stant at 90’5°, i.c. below the boiling point of water, and 17'6° below tlnit of 
butylic nlcoliol ; fourteen experiments gave absolutely tlio samo numbers in each 
instiuce. 

■\Vhon a mixture of water, Imt^dic, and amylic alcohols is used, the temperaturo of 
obullitiou is iu)t constant, but regularly rises ; tlio toiiiperature, licwcver, always lies 
between 90'iJ° and 1)6°, being higher tho hirgiir tho proportion of amylic alcohol 
present; tho relativo voliimo »)F Avater that distils over also coni innally increases, 
Iming, however, always greater than ,ltli of tho total volume that passes over, and less 
than j;ths — f.r. lying bctAV'cen tho redativo numbers found with butylic alcohol and 
water, and with amylic alcohol and water (Pierre u. Piichot, Compf. rend. Ixxiii. 61)9). 

2. 02'iflntiim of Tcrlianf Alcohols . — In tlio oxidation of these alcohols, as in that 
of tlio ketones, tho simplest, or one of tlio simpb'st of tlio throii alcoliol-mdicbss 
present rtniiaiiiH united to the wirbon-atoni Avhich binds together tlio w’liolo gninp, 
forming an acid C"TP“0®, AvJiilo (»aclL of tho other two alcohol-radicles is separately 
oxidised, 3dcltliiig (if it is a primary radicle) an acid containing tho same number of 
carlion-atoms as itself ; formic acid, howoA'or, in this, as in similar cases, is not actually 
olimiuatoci, but is further oxidisetl to carbonic acid. 

J}imdh;yl-cthyl carhinol yields in this manner, acetic acid and carbon dioxide : 

+ 6* = 2 CTeos + cn»o’^ + iro. 

^cthi/lMludht/l carhinol yields nothing l.nit acetic acid ; 

0* = 3C=^n<0' + n*o. 

l>imeth}/Upropyl carhinol gives acetic and propionic acids, together with formic 
or carbonic acid ; 

C(II0)|[jl]J?" + 0* = CWO’ + C»II«0« + CH'0» +IPO. 

Weihyl earhiml gives acetic and propionic acids : 

C(I10)(C*II*)» + 0« = 2CWO- -I- C»II'‘02 + 

Exceptions to tins law of oxidation appear to bo fnrnishod by trimrthyl carhinol 
and fU/iicthyl-isopropyl carhinol^ tho former of Avlncli yields acetone, acetic acid, and, 
Jiccording to former (Experiments, propionic acid (1&-^ 66), while tho latter yielils 

nothing but .acetone. The formation of acetone from trimetbyl carbinol may bo 
regarded as an iiitormcdiato stage in tho oxidation, thus : 

(1) C(HO)(CH5»)3 + iP = CO(CIP)’- + Cn-O^ + IPO. 

(2) C0(CIP)= + O'* « C»ir^0* + CTPO®. 

In tho case of dimet hyl-isopropyl carbinol, tho oxidation of tho sirnplor alcohol- 
radicle appears t/i stop at the first stage — that is to say, at tlio formation of acetone 
and the more couiplox radicle ; the isopropyl, being a secondary radicle, is likewise 
oxidised, not to an acid, but to acetone; bonce acetone is tho only product: 

+ 0* •“ 2C0(Cn*)» + H«0. 

Tho formation of propionic acid from trimetbyl carbinol, w'hich would bo com- 
pletely at variance with tho law above stated, was inferred in tho earlier experiments 
from the composition of a silver salt; but subsequent examination has shown tliattho 
supposed propionate of silver was really a mixture of acotato and isobutyrato. Tho 
formation of isobutyric acid is not at variance with tho above law ; it is formed by a 
molecular change corresponding to that by which Linnomann has found that deriva- 
tives of trimotliyl carbinol are obtained from isobutyl alcohol (ButleroAv, Zeitsehr, f, 
Chem, [2] vii. 484). 

3. FormaiioH of Monatomic and Hexatomio Alcoltols from Glucose and MUk~ 
sugar . — ^Whon glucose is treated with sodium-amalgam containing. 3 p. c. sodium, and 
tho alkaline liquid is neutralised with sulphuric acid, then distilled^ and Ireatoil with 
potassium carbonate, an oil^ layer is obtained, consisting of ethylic,.i8opropylic and 
noxylic alcohols. The liquid remaining in the retort contains a large quantity of 
manuite. 
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Milk-sugar, similarly treated, yields othylic, isopropylic and lioxylic alcohols, the 
residue containing dulcite. Inverted milk-sugar yields tlio sanio products, together 
with mannitp (G. Ilouchardat, Coinpt. rend. Ixxiii. 108). 

4. On the formation of Alcohols from tho corresponding Tatty Acids, see HuTYn, 
Ethvl, and l*i»opyL Alcohols. 

5. On a class of bodies intcrmodialo between Alcoliols and .Aldehydes, see 
Alheiiydk-ataoiiot.s. 

G. On tho Thermal EtFeets of tho coinbirial ion of Alcohols with Eases, soo ITi:at. 

AXinAlVE. A term proposed by Kibaii {Compt. reud. Ixxv. 98) to designaro pro- 
ducts formed by tho union of two or more moh-culoa of an aldnliydo, with (iliininal ion 
of water — v.ff. crotonic uldolwde, 0'Tt“*0“==3 mol. act?tic aldehyde, viinus 1 mol. 
water. Tho prefixes di^ fri, &c.., maybe used lu <lt‘nolo tho number of aldeliydo 
molecules thus condensed — e.//. dined aldane^ 1 riacdaldam , dimUriifdanc^ &c. 

AEDEKYDS, CIP.GllO, is formed : a. Ey oxidation of othylcno with aqiiooufi 
cliromic acid atl'iO'^; at ordinary temperatures no action lakes place (Eerthclot, 
Compt. rend. Ixviii. 3;M). 

i3. By inverse .substitution from chloral, CCP.CIIO, when clippings of zinc are intro- 
duced into a. solution of that sub.staiico slightly aciilulated W'itli sulphuric or hydro- 
cldoric acid. Considerable quantities ol' tho polyme.ridcs of aldehydi^ especially 
paraldehyde, are formed at Iho same time (i’ersfinue, Coinpf. rend. Ixxi. 227). 

y* In tho electrolysis of sugar-solutions acidulated witli sulphuric acid (II. T. Brown, 
C/ieni. Soe. J. [2] x. 678). 

6. Jn vinous formejitation. iSeo Fj-nnrr.NTATiox. 

Aldohydo occurs, together with metabhdiyde and parahhdiyde, in the ‘ first runniiig.s' 
olitaiiied in the Timnnfactnre f»f alcohol from sng:ir-hcet and from pola.tfX'S (Kriimer a. 
riiincr, Dfiiit. Chem. Cjcs. Iter, ii. '1(»3; Keknle, ibid. iv. 718). KriiimiU and Pinner 
.also find ^lC(^tal and crotonic iddehydo in these runnings (ibid. iii. 7o). Tiny 
attribute tho formation of tho aldehyde to oxidation of the alcohol on the c.arbon 
filters. Kekule, on tin? other hand, attributes it.— at lea.st in the case of alcohol from 
Biigar-hoet — to tho oxidising action of nitrates which arc fircsoiifc in consi<leraMo 
quantity in tho li«jnoTs. To this Kriimer and JMiiner rv])\y [ibid. iv. 787) that tho 
oxidation of tho alcohol to aldehyde c.aniiot bo iluein all e.Tses to t he act ion of nit rates, 
since the quantity of those salt.s in some cases, .as in the first runnings from potato- 
spirit, is too small to account for tho quantity of aldehyde produced. Moreover, con- 
siderable heating of the carbon-cyliuders is observed on passing the spirit through 
thorn (compare Is/' Suppl. p. 21.3). 

Ahlolfydo, iriixed with arid and hydrocldoric acid and gently warmed, 

produces .a rod coloration, becoming violet on addition of an .alkali. A iiiixliire of 
aldohydo and plunol al.so gives a red colour when wai'inod with sulphuric acid 
(A. Eilyop, Bvut. Chcni. Oea. Jkr. v. 25). 

Aldohydo, he.ated with acetamide in sealed tubes, yields the compound CIPCII(NIT. 
C®H“0), which crystJilliS(3S in largo x^Hsnis, melts at 189°, distils with partial decom- 
position, and gives up tho aldehyde when trouLcd with acid.s (Tawildarow, Dmt. Chmn^ 
Gea. her, v. 477). 

On tho action of hvoniinc on aldohydo, soe pago 36 ; on tho action of chlorine^ see 
Crotonic Chloral. 


Polymeric modijicationa of Aldehyde, 

_ Fivo of thc.so modific<aiions havo boon described hy difTorent chemists, viz.; — 1. A 
liquid modification boiling at 94®, accidentally obtained by Liebig. — 2. A modification 
called olaldohydc, molting .at + 2° .and boiling at 91®, which Fehliiig accidentally 
obtoined by exposing aldohydo to a winter temi^nraturo. — 3. A liquid modification 
boiling at 125®, wliich Woidonbusch obtained by' the action of very dilute sulphuric 
acid OP nitric acid on aldehyde, and for which Gorhardt suggested tho name paral- 
dehy'dc. — 1. Infusiblo but sublimablo mctaldehydo, discovered by Liebitr, ;iinl 
further examined by Fohling and Wcidenbrisch. -o. Acraldohyde, produced bv the 
action of zinc clilorido on glycol or aldehyde, first obtained by Wurtz, further ex- 
amined by Bauer (i. 109 ; iv. 349 ; 1st Suppl. 76). 

Recent invcKtig.ations havo, however, considerably reduced the number of tlicso 
modifications. The liquid called acraldohyde has boon shown by Kokuld to bo ro- 
eolvablo hy heat into water and crotonic aldehyde ; and "Wurtz li.os recently shown tliat 
it is not .1 true iwlymcrido of aldehyde, but a compmnd intormodinto in pro])ortic.s 
and constitution between aldehyde and alcohol; it will bo di'scribed in a separste 
article under tho name of aldol. Tho modifications described by Fehling and by 
Weidonbusch havo been uhown by Gouther a. Cartmel (Anji, Ch. Pharm. cxii. 16), 
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and by Liebon (iM Suppl, i. 14) to bo identical with each other and with tbo 
modification (paraldohjde) molting at 10-12® and boiling at 124°, which tho fornier 
chemists obtained by tho action of sulphurous acid, the latter by that of othj'l iodide 
upon aldehyde; and, finally, it has been shown by Kokulo a, Zincke {Ann. C'hcm. 
Pharm. clxii. 141 ; Chem, Ges. Her. iii. 468), that, besides ordinary aldehyde, 

there are but two distinct modifications, viz. — 1. Paraldehydo, fusible and dis- 
tillable; — 2. Motaldohydo, infusible, but sublimable. Those chomists find, in 
accordance w'ith the observations of Mouther a. Cartmell, that carefully purified alde- 
hyde suffers no change either by long keeping or by continued heating or cooling, 
polymerisation being due in all aises to the presence of some foreign substances 
which appear to exert a kind of ferinontativo action. Iii most cases botli modifications 
are formed together, inetaldchydo chiefly in tho cold, paraldehydo at ordinary or at 
higher tomperatiurcs. 

Paraldehyde. In presence of a very small quantity of hydrochloric acid, chlorocar- 
bonic oxide, or sulphurous anhydride, aldehyde gradually becomes hot, tho tompor.'itiiro 
frequently rising to .38° or 40®. Both zinc chloride and sulphuric acid act in tin^ same 
way, the addition of a drop of the concentrated acid causing explosive ebullition 
of the alilohydo ; the action of the dilute acid is less energetic. In all these reactions 
iiii almost complete transformation into piraldohydo occurs, as is indicat^jd by tho 
fhango in specific gravity (0‘98G at 16°), but the pure substance CJinnot be directly 
separated from tlio product by recti ficsition, ns much aldehyde is then regenerated. 
Tho best method of separation is to cool tho liquid to 0®, when tho paraldehydo crys- 
tallises out, and may bo culloctod and purified by distillation. 

Paraldehydo is a colourless liquid of peculiar otlonr, rosembling that of acetal. It 
boils at 124°, and crystallises when cooled bolow 10®, forming largo transparent prisms, 
which melt at 10*5®. Its specific gravity at 15® is 0*998, and its vapour-density Lhreo 
times that of ordinary aldehyde. It is less soluble in hot tlmn in cold water, 1 00 parts 
of the latter dissolving 12 parts at 13°. Distillation with sulphuric acid, hydrocliloric 
acid, zinc clilorido, or chloroearbonic oxido, reconverts it into aldehyde. Wlioii sub- 
jected {jo the action of phosphorus pontechloride, it yields ethylideno chloride, as ob- 
served by 0g\}1]iqt {Z eitschr,/. Chem. 1805, 32), and with hydrochloric acid it gives tho 
siimo ethylidene oxychloride that Lieben obtained from ordinary aldehyde {Ami, C/um, 
Pharm. cvi. 330). 

'riio so-callocl chloracoteno, isomeric with vinyl chloride, C-H^Cl, which Jlar- 
nifzky obbiinod some years ago {Ann, Chem. Pharm. cxi. 192), by tho action of phos- 
gtjiiij on aldehyde, appears, from the experiments of Kekul^ a. Zincko, to be. nothing but 
a mixture of aldohydo and paraldehydo witli u small quantity of phosgene, and is 
completely converted into aldehyde by passing its vapour over heated quicklime. 

Met aldehyde. This modification, hitherto obtained only accidentally, has been 
shown by Kckule a. Zincko to bo formed from aldohyde at a low tcniporaturo by the 
same reagents that cause tJio fonn.'ition of paraldehyde at a comparatively high tom- 
perature. To prepare it in quantity, a few bubbles of hydrochloric acid or sul- 
phurous acid are passed into aldohydo cooled fn a freezing mixture, tho motaldohydo 
which crystallises out on standing is roraovod, and the mothor-liquor.s are submitted 
to distillution, tlio distillate boing collected in a well cooled receiver ; more metaldehydo 
is tlien deposited, which is again removed, and the distillation, &c., repeated as above. 
Calcium chloride effects tho saiiio transformation at the ordinary temperature. Motal- 
dchydo crystallises in fine white needles, and that produced by calcium chloride in 
short, thick transparent prisms belonging to tho quadratic system. It is insoluble in 
water, and but slightly soluble in alcohol, ether, chloroform, or benzene. When heated 
it sublimes, but ordinary aldehyde is always formed at the same time. Heated to 
112® to 115® in a closed tube, it is completely converted into aldohydo, and tho same 
change is produced by distillation with diluto sulphuric acid. With phosphorus pon- 
taclilorido it forms ethylidene chloride. 

As the vapour-density of metaldehydo cannot be determined, on account of its par- 
tial TOiiversion by heat into ordinary aldehyde, and as none of its known reactions give 
any inforTnation as to its molecular weight, it is impossible at present to form ^ny 
definite idea of its constitution. But tho formation of ethylidene chloride and the 
ready conversion into aldehyde render it probable that this modification consists of 
several (perhaps two) aldehyde molecules united into one by their oxygen-atoms. 

As paraldelwdo has three times the vapour-density of aldehyde, its^'molocolar 
formula is C*H“0*, and its reaction wilJi phosphorus pontichloridc; with hydrochloric 
acid, sulphuric acid, and generally with all fermont-liko bodies, which easily convert it 
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intx) aldehyde, suggest that the three aldehyde molecules contained in it arc united 
into a ring througli tho medium of their oxygen-atoms. 
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Condmsation-jiroducis of Aldehyde, 

I. Condensation wltb Separation of Water. (Kokulc, Ann, Chem, Pharm, 
clxii. 92-12t.) — The formation of crotonic aldehyde by heating acetic aldehyde with 
zinc chloride, is mentioned in the Mrst Supplement (p. fllS), 'where crotonic aldoliydo 
is roproseritod hy tho formulfi CII'-^CII — CH® — CIIO. Kelailn, however, now takes 
a somewhat different view of the mode of transformation, leading to tho representa- 
tion of crotonic aldehyde by tho formula CIl'* — OIIHOII — CTIO, as shown by the 
following equation, in -which tho eliminated atoms are onclcised in brackets : — 

CH«»— CII(0^ CH“— ClI 

— ■ 11=0 = II 

CH(H*)— CHO CH— Clio 

Two mol. of Acetio AUlohyctc. Crotonic Aldehyde, 

Tho Bttmo transformation is effected by tho action of hydrochloric acid, other pro- 
ducts being however formed at the same time, viz., clilorobutyric aldehydo C‘11’C10, 
resulting from tho combination of part of liio crotonic aldehyde with liydr<.»chloric 
acid — tho same compouml being in fact producible by siituiMting crotonic aldehyde 
with hy^drochloric acid gas ; and a chlorinated compound besides higher 

condonsaliou-products. Tho maiinor in which those sttvoral compounds are obbiiiiodis 
as follows: — 

When aldehydo is saturated in a cooled vessel with hydrochloric acid, and thou 
loft to itself for about two days, two layers of liquid form, tho lower of wliicli consists 
of aqueous hydrochloric acid. On removing tho upper layer and »listilliug imme- 
diately, torrents of hydrochloric acid gas escape, and ,a pungent oil heavier than water 
passes over, whilst a largo portion i'cmaiD.s behind a.s a non-volatile viscid mass. If 
tho upper hiycr bo washed with water previous to distillation, the general course of 
tho action is tho same, but tho quantity of viscid residue is less. Slill hotter results 
are ohtained by distilling tho washed oil in a stream of hydrogen, and adding marble 
to neutralise the free acid. 

Crotonic aldehyde is oa.sily obtained from all tho distillattis by rectification ; its 
quantity is, however, relatively small, and smaller as tho aldehyde saturated ^vitli 
hydrochloric add has been left to stand for a longer time. If tho crude oils have boeii 
washed with 'water, considerable quantities of tolerably pure crotonic aldehyde may bo 
obtained from this water by distillation. 

If tho distillation of tho oil, after washing -with water or with alkali, bo performed 
by means of steam, the viscid residue deposits neodle-shapod crystals of ch Loro- 
butyric aldehyde C^II’CLO; the quantity cl which increases on adding alcohol, and 
leaving the liquid to itself for some (kys. 

If the receivers be occasionally changed during tho distillation with steam, the 
oarlier distillates contain chiefly crotonic aldehyde, the latter ones an oil which sinks 
in water. Tlie oil of tho last distillates, deposits, sometimes immediately, sometimes 
after a few days, laminar crystals of tho chlorinated compound the 

empirical relation of which to aldehydo may bo represented by the equation ; 

6C*H‘0 + 2H01 — 2H«0 <- 

' This compound forms broad nacreous rhombic plates or tables, sometimes larger 
woll-dovoloped crystals. It melts at 98^, and volatilises easily with vapour of water. 
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It Is insolublo in orator, but slightly soluble in cold nicohol, easily soluble in hot alco- 
hol and in other. 

Higher Cowlcmation-products. — Botli the liquid of higher lioiling-poiut wliicli ro- 
inainod after distilling off the crotom'e aldehyde as above described, and a product 
obtained by heating crotonic aldehyde with twice its weight of uldeliydo and some 
zinc chloride to 100° for 96 hours, yielded, by distillation with st-ojirn and siibsequout 
rectification, an'oily product, boiling at about 172°, and having nearly the composition 
C“n“0. Oil exposing small quantities of this oil to the air, crysUillino neutUes were 
formed, and on boiling it with water and silver oxide, a crystalline, dilficultly sidiildo 
silver salt was produced, containing an amount of silver closely corresponding with 
the formula C"H'AgO*. This oil w-as probably the triple coiidonsatitui-prodiict. of 
aldehyde : SC'-'IIK) — 2IPO CJI^O. On rectification of tlio producls of still liiglicr 
boiling-point, an oilw'as separated, having nearly the conipositipn 
-31PO. 

Tlio mode of action of zinc chloride, and of the numerous other salts which exert 
tliu above described condensing action on aldehyde, may bo explained on the other- 
wise probable assumption that, in an aqueous solution of zinc chloride, there are 
present besides the hydrated molecules, a certain number of anhydrous molociilcs, 
those latter being always in motion, and consbintly changing their condition, the 
hydrated molecules becoming anhydrous, the anhydrous moleculos becoming hydrated, 
in such a way, liow'cver, that a mdan condition of Otpiilibriiim is always ]irosorved. 
If thou bodies are present from which the elements of WMter tan bo wilhdrawjj, a 
certain, although probably small, proportion of those moh'cules -which are in the act 
of taking up -water, cause the soiwiration of water from these substiinccs, aud combine 
wth the water thus separated, so that in course of time a very small (piaulity of such 
an agent is capable of performing a largo amount of work. It is evident that heat is 
not absolutely necessary for the production of such reactions, although an increase ()f 
temperature has an accelerating influcneo. In fact, aldehyde mixed with zinc chlr»ri(lo 
undergoes the same change in a few weeks at summer tomporaturo, and in some months 
at autumn and w’iuter toiiipcratures, as when liiiaiod for several hours to 100°. The 
action of zinc olilorido and similar salts might also bo referred to the presence of 
hydrochloric acid : for nu aqueous solution of the former may bo supposed to contain 
free hydrochloric acid and free ziuc oxide. 

•Similar considerations apply to the decomposition of complex compounds w'itli 
assumption of the elements of water. Tims, that of tlio glii(:osi<lcs in presence of 
traces of sulphuric acid may probably bo referred to au action of the same natiu'o. 

According to PaliOrno a. Amabj, aldehyde is converted into crotonic aldehyde by 
healing w'ith eihylidenc chloride (I. »Suppl. 613). According to Kekulo, however, 
{Veut. Vhem. Ges.Her. iii. 13.5), this is tiie case only when the othylidorio chloride 
contains free hydrochloric acid. Pure ethylidone chloride has no act ion whatever on 
•aldehyde, but n more trace of hydrochloric acid is sulhcient to produce tho condcusa- 
tion. This conclusion is confirmed by the experiments of Kriimor a. Pinner {ibid. 76 
and 390), who find that cthylidono chloride heatod with aldehyde docs not undergo 
tho slightest alteration. 

Chlorinated Condensation’^rodnets. — Kramer a. Pinner (Ann. Cham. Pluirm, clviii. 
37), by passing chlorine into aldehyde, at first cooled by a freezing mixture, but 
heated to 100° at tlio closo of tho reaction, obtained in .about 24 hours a soini-solid 
brown mass, which, when distilled, yielded botw^ocn 1G0° aud 180°, a liquid from 
which, by subsequent fractional distillation, trichlorocrotonic aldehyde or cro- 
tonic chloral C^H*CPO was obtained, boiling at 163° to 166°. Tho chlorine first 
takes hydrogen from a portion of tho aldehyde, forming hydrochloric acid ; this acts 
on tho rest of tho aldehyde in the manner above described, forming crotonic aldehyde ; 
and the latter is converted by the excess of chlorine into trichlorocrotonic aldehyde 
(I. Siippl. p. 613). By adding fragments of marble so as to remove tho hydrochloric 
acid as fast as it is formed, a distillate is obtained exhibiting the properties of ordi- 
nary chloral (Pinner, Chem. Ges, Ber. iv..266). 

Wuptz {Ann. Chem. Phys. p] xlix. 68), by passing chlorine into aldehyde obtained 
acetyl chloride and a body 04rC10’, containing the elements of acetyl chloride and 
.'ildohydo, and producible by their direct combination. Kramer a. Pinner wore not 
able to obtain Uiese substances, but 'ViTurte {€(mpt, rend.^ Ixidii. 628) has recently 
uiado further experiments which corroborate his former results. 

Bv passing chlorine through an ice-cold mixture of carbon perchloride and ono- 
tenth of its weight of aldehyde, in sunshine, till the liquid becomes strongly yellow, 
ho obtains a product which, on agitation with mercury and distillation, gives of£ 
hydtoclilorie acid, and yields, after ftactionating several times, a liquid boiling below 
70°, and another boiling at about 120°, The fist is a mixture pf aoetyl chloride and 
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carbon porchlorido ; tlio second contains the compound C^H’CIO*, which, treated with 
■water, yields acetic and hydrochloric add, and apparently also aldehyde, whence it 
appears to contain tho oloments of aldehyde and acetyl chloride condensed ; probably 
thus 


either as 



II. Condensation with Addition of Bydrogreni (Kokiile, A7m. Chem» Tharm, 
clxii. 305-820). — AVhen an acidulated dilute aijunous solution of aldehyde is treated 
with sodium amalgam, butylene-glycol is fonned in small quiintily, ac- 

cording to the oquMiioii 2C-JIh) + ir‘=C'IT®0“, the reaction being analogous VO 
Ihat by which benzoic aldehyde CUI"0 is ronvofted into liydrobeiizoin, 

'.riio butylLme -glycol tlias obtained is ditteronti from ordinary bulyleno-glycol ; it 
boils at 203-5°-204°, and yields by oxidation with nitric and crotonic aldcliydo. acetic 
acid and oxalic acid, wlienco it is inferred to Juivo the constit-iitioii ropresoiiLcd by tlio 
formula CH“(OH)— CH- — Cir(OH)CH-'‘. (See HuTYtENK-coMrouNDs.) 

Siibstitution-prodiicts of Aldehyde. 

BlbromaldehydOf C^U-llr-O, is produced by tho rngiilatod action of bromine 
on aldehyde. It crystallises in long needles, soluble in water, alcohol, ami ether, has 
a pungent, toar-cxciting odour, and redneos silver nitrate. Tho action tif bromine on 
uldohydo under slightly difterent circmnstancos, gives rise to dibroniacotic acid (Huar- 
mann, Deiit. C/um. Ges. Her, iii. 758). 

Monocbloraldebyde. C^'II’CIO (Glinsky, Zdischr. f, Chm. vi. 617).—Thifi 
conijiound is produced by tho aclioii of liypochloroas acid on vinyl chloride 0-U“Cl 
(I. Supjfl. 70). When this gas is passed into a cooled mixture of liypoehloroii.s acid 
and mercuric oxide, the latter being added by snceesslvo portions 'wlien re(juired, and 
tho liquid, after being filtered or mixed with a sulhcient, r|uaritity of liydrocliloric acid 
to dissolve all tho mercuric oxide, is distilled, the first portion of the distillate passes 
over in oily drops, after which tho distillation may lie cotitiiiued as long as tho 
liquid which passi’s over liceomcss turbid on ailditioii of potassium cyanide. Both 
these distillates coiiUiin a liydrato of monochloraldohydc, wliich solidifies when 
pure ; it is mo.st easily obtained from the second distlllato, T'his liquid is sat.nrated 
with sodium sulphate, and agitated with ctlier; the ellier is distilled oft’ from the 
otlieroal extracts; the rcsiilUo is fractionally cli.stiUcd, the portions going over hotwocn 
85° and 95°-100°, being collected apart; and both tlioso distillates are dehydrated by 
suspending luinp-s of calcium chloride over them; whereupon, the hydrate of chloral- 
dohydo separa.1xis in Ike solid sUito. Both this hydrate and tho liquid decanted from 
it exhibit similar phenomena when rectified, the gp<?atcr part distilling over between 
85° and 95°, the smaller portion bctwcoii 95° and 100°; the former Bolidifica on cool- 
ing ; the latter remains liquid for the most part, as also does the small residue which 
boils above 100°. 

Tho hydrate of chloraldehydo has tho composition 2C*II*C10.H®0. By evaporation 
of its ethereal solution, it is obUiiiicd in groups of flat Uxbiilar crystals, which melt at 
74°-75°. 'When exposed to the air it vohiUlisos and oxidises at tho same time. In 
dilute solution it Bniolls like rotten apples or grapes, but its concentrated solutions 
liavo a pungent odour and give off a vapour which .attacks tho mucous membranes. 
It has a sweetish-sharp taste, and, when placed on tko skin, produces spots which 
give no pain, and are scarcely visible at first, but afterwards become orange-yellow, 
and remain till the cuticle peals ofif. Tho hydrate reduces ainmouiacal silver solution, 
producing a specular deposit. Sulphuric acid quickly converts it into a thick brown- 
yollow oil. With potassium cyanido it forms an oil which is converted by acids into 
chlorolacticacid (See Lactic Acid). It unites with acid sodium sidphito, forming tho 
compound 2(C‘H“C10.NaHS0®).H“0 ; which soparatos from the solutiou in bailing 
alcohol, as a bulky, white, crystalline powder. 

Tho products of higher boiling-point obtained in tlio preparation of the hydrate,” 
appear to contain notliing but condensation-products of cldoraldohyde. The portion 
boiling between 95° and 100°, dissolves for the most part in water, and tho insoluble 
portion gives, by analysis, a quantity of chlorine agreeing approximately ■with tho 
formula 2C^H’Cl0^ — H^O. The higher the boiling-points of those secondary products 
the less soluble are they in ■water; the aqueous solution of tho highojvhoiling 
products^does not yield any oil with potassium (yanido. They all have a pungent 
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odour, a Bweotisli, "burning taste, and do not comWno with Jicid sodium sulpliito. That 
those oily fiocondary products nro formed from the solid hyduato of chlornldohydo 
appears from the facti that, on distilling tho perfectly dcssicatod hydrate, a portion 
boiling at 85° -90° and another at wero obtained, both of whieli quickly soli<li- 

fied, but ivero no longer i)erft!Ctly sol iddo in water; insoluble, oily drops remaiTniig, 
which exhibited tho properties above described. It dots not appear possible to 
obtjiiri anhydrous inoijochloraldchyde by continued distillations; a product thus ob- 
tained contained but little more chlorine (41-59 p.c.) than ll»o hydrate (d0'07 p.c.). 

Salphaldehyde. — When hydrogen sulphide is passed iuto an aqueous solution of 
aldehyde, an oil is formed, which, when treated with acids, yields a solid suhstanco 
having the composition of aldohydo with the oxygon replaccjd by siiljdiur. Ilofniaun, 
however, finds that its vapour-density agreoa -with the triple tbrinula ; it is 

very easily formed fj*om paraldehyde {Zdtschr.f. Chem. [2J vi. GOO). 

Tlio oil formed by the action of hydrogen sulphide on aldehyde, was said by 
Weidenbuseh (i. 107) to have tlie composition and to give off’ hydrogen 

sulphide when treated -widi acids. According tx) Pinner, however C//cw. iics. 

JSer. iv. 257), these statements are incorrect. The oil is a compound of aldohydo and 
siilphaldcdij'do, C-H‘O.C'II ‘iS, and when treated with an acid, yields a precipitate of 
sulphaldehyde C®Jr.'"-.S^ and a solution of .'ildehydo, without any evolution of hydro- 
geji sulpiiido. Uy passing .sulpliydrie acid-gas through the strongly iicid filtrate., a 
largo quantity of siilpha-ldolfyde maybe directly obtained. In liko manner, a strongly- 
acidulated solution of oldehydo yields, with sulphydric acid, not the oil above mon- 
tioiicd, but solid siilphaldcliydo. 

TIio oil, C-ll'O.C"-JI'S, solidifies at— 8® and liquefies again at— 2^. Its vapour-density 
was found to bebctw<.‘eii Gl -.'J and 59-4 (11= 1). Now, siipj)r>sing that tho oil is resolvwl 
})y heat into monomolccular aldehyde G-JPO and trimolccular sulphalileliyde 
its vapour-density .should bo 61*2®, which ngreos with tho cxpcrimciiUil number 
(Pinner). 

AXiDSK71lfi-A£COBOXiATXi. A compound identical with 

hydroxyl-othyl-oxido (See Ktiiyjl Oxidis). 

AXiBXSBYDS-STKYZi-cnORZDB. C^H^O.C^IPCl.— ’Identical with mono- 
chlorothyl oxide (.See Ktiiyi. Oxnis). 

ABDSBYBBS. Bmniipns with Phenols, — Acetic aldeh/dtu mixed with pyrogallol 
and hydrochloric acid, ami gently wsirmod, produces a red coloration, becoming 
violet on tho addition of an alkali. Bitter almond oil, heated -with pyrogallol, pro- 
duces a coloxirloss body, cryste llisablo from ether, and having, when dried at 120®, tho 
composition : C'-'«TI=*0" = 2C’H‘»l) + 2C«II»()3— IPO. Heated to 200®, this product loses 
hydrogen, forming a red body, soluble in alcohol, while, on treating it with 

hydrochloric acid, alcohol, and zinc, hydrogen is added, and a crystalline white body, 
C’‘'‘ll*'0’, is formed, soluble in acetone, but insoluble in alcohol and ether. jRcsorem 
behaves with bitter almond oil in a similar manner to pyrogallol; and a phenol dyestuff 
is produced on adding strong sulphuric acid to a mixturo of phenol and bitter almond 
oil. Aldehyde or chloral with phenol and sulphuric acid; furfurol with resorcin, 
phenol, or pjTogaliol and a traco of hydrochloric acid ; salicylous and pyrotartaric 
acids with phenols: all give colouring matters (A. Bayer, Dent. Ckem. Ges. Ber. v. 25). 

Condensation'^roducta of Aldehydes {Aldanes, p. 32).— Many aldehydes when 
treated with sodium yield condon8ation.-products, with elimination of water. Thus, 
valoKil C*H^“0, yields an aldohydo, C*®H*®O = 2C“n'®0 — IPO, which boils at 195°, 
combines with sodium bisulphite, and is converted by oxidation into an acid, 
and by nascent hydrogen into tho alcohol C’®H*‘0. 

(Eiianthol, similarly treated, is converted into two polymeric modifications : one a 
liquid, the other a crystalline solid, both of which, on distillation, yield ccnanthol 
and condensation-products, with abstraction of Water (Borodin, BeuU Chem, Gca, Ber* 
V. 480). 

On tho Thermal Effects of tho Combination of Aldehydos with Bases, see Heat. 

^ AXiBBBVBZWS, — This base, discovered by]Ador a. Biiyer (Is^ 82}« 

18 regarded by them as a homologuo of picoline, C®H’N.— It is producea directly from 
SchifTs tetraldine, which amn is formed by the union of 2 mol. crotonic aldohydo 
with ammonia {Jahreab*/, Cl^m* 1869, 707). 

ABBOB. C^H«0* = CH»— CHOH— OH»— OHO (Wurte, Compt, tend, Ixxir. 
1361 ; Izzvi. 1165). A compound polymoric with acetic aldehyde, and regarded by 
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Wuptz as bolongiTig to a class of bodies intermediato in proporties and constitution 
between tho aldehydes and the alcohols. .It is formed by the action of hydrochloric 
‘ acid and water on aldehyde at low temperatures ; 1 part of ftldchjrde is mixed with 
1 imrt of water and 2 parte of hydrochloric acid, and tho mixture is left to itself for 
soveral days at a tomperaturo of 15° to 20° ; in winter it must be placqd in a stove. As 
soon as it has acquired a tawny colour, and smells but slightly of aldohydo and par- 
aldehyde, it l^must^bo neutralised with crystahs of sodium carbonate, and agitated 
Bovoral times with* ether. Tho cthormil solution distilled in tho water-bath leaves a 
transparent, slightly -coloured liquid, which becomes syrupy on cooling; and this 
product, di.stillecl in a vacuum, gives off, first ether, then water, then between 90° and 
105°, under a prossiiro of 2 contlniotors, aldol, in the form of a colourless liquid, 
which remains soluble while hot and oven when recently cooled, but when loft to 
itself gradually becomes viscid, giving out, at tho same time, a cousidorablo quantity 
of heat. Thus a quantity of freshly-distilled aldol, perfectly limpid at 11°, gradually 
rose in an hour to tho tomperatiii’o of 64°, after which it slowly cooled, till, at tho end 
of three hours more, it.s tcmporaluro was 30° : it was then viscid. This viscid aldol 
probably boars the same relation to mobile aldol that paraldehyde bears to ordinary 
aldehydes, the polymeric grouping being, however, less stable than that of paraldehyde. 

Aldol at 0° is so viscid that it does not run out when the tube containing it is 
inverted. Its specific gravity is 1-208 at 0°, 11091 at 10°, and 10819 at 49 0°. It 
is .strongly refractive, its index of refraction being 1-468 for the yellow ray, and 1-466 
for the red. It has an aromatic and bitter taste, mixes in all proport ions with -water 
and alcohol, dissolves also in other ; when piiro, it forms a clear solution with water. 

Aldol boars a heat of 100° without sensible alteration, and distils undccomposcd 
at 90°, under a pressure of 2 centimeters ; but, -wlien heated abovo 100°, under tho 
ordinary pressure, it begins to decomposo at 135° into water and crotonic aldobydo 
(C^1I"0-^ = 11*0^ + C'^II^O), and at 150° nothing remains in the vessel but a small 
quantity of viscid liquid. The same decomposition takes placo when aldol i.s licated 
■with glacial acetic acid. The formation of crotonic aldehyde by tho action t)f hydro- 
chloric acid on ordinary uldehydo (p. 34) is probably preceded by that of aldol. 

Aldol possesses tho niducing po-w-ers of tho aldehydes ; it throws down cuprous 
oxido from a cupri co-potass ic solution, and reduces ummoniacal silver nitrate, forming 
a line silver speculum. 

acid attacks aldol with groat violence, giving i‘iso to acetic aldehyde, oxalic 
iicid, and several otlicr acids not yet examined. Chromic acid Jikcwjso c.xorts a violent 
oxidising action. Tho action of silver oxide, on tho other hand, is more moderate. 
When 1 mol. aldol is treated with 2 mol. moist silver oxide, tho mixture becomes 
hot, and metallic silver is deposited. If tho liquid bo then boiled, filtered and con- 
centrated, a silver salt separates out in long interlaced noodles ; which, wlien recom- 
posed with hydrogen sulphide, yields j3-oxy butyric acid. 

CH=»— Cn(OH)— CH*— COH + O ^ CIP— CH(OII)— CH*— CO-H 

Aldol ^-oxybiityric ticid. 


Aldol therefore, ns pointed out by Kolbc C/tem. [2] v. 451), is tho aldohydo 

of /3-oxybiU ric acid. Its formation from two molecules of acetic aldehyde is repro 
sentod by this equation ; 


CH«--C(HO) 

C(H)H*— OHO 


CIP— CHOU 

CUO 


and its resolution int> water and crotonic aldehyde by the equation : 

CH>— CHOH OH®— CH 

I H»0 + l| 

CH*— CHO CJ 


IH— CHO. 


By nascent hydrogen alM is converted into one of tho modifications of butylono- 
glycol, C^H'®0®. A 4 p. c. aqueous solution of aldol is heated at 0° with sodium- 
amalgam containing 6 p. c. sodium, the soda formed being continually neutralised 
with hydrochloric acid. Tho reaction is very slow, and tho liquid must be decanted 
every evening, as otherwise it might becomo alkaline daring the night, and tho 
experiment would then bo lost in consoquoiico of tho formation of resinous substances 
.and condensation-products. ^ As soon as tho absorption of hydrogen ceases, tho liquid 
is to bo shaken several times with other, whidi removes condensation-products 
soluble in water, the ethereal solution separated, and tho remaining liquid evaporated 
at 40°. The residue is treated with alcohol, which loaves tho greater part of the 
sodium chloride undissolved ; tho alcoholic solution is evaporated, and residue 
treated with absolute alcohol, which separates a further quantity of Bodium ddoride. 
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Tho alcohol is thou distilled off, and the remaining liquid, which distils between 200® 
and 220®, yields, by rectification, a thick saccharine liquid, boiling at 201®-203®, 
identical with tho butylono-glycol which Kckul6 obtained ns a secondary product in 
tho hydrogenation of aldehyde (p. 36). Tho formation of this glycol from aldol is 
represented by tho ciquation : 

cn»— cn(on)— cn*— cno + ii* = cn*— cn(on)—cn2— ciF(on). 

When a current of ammonia gas is passed into an otheroul solution of aldol, a syrupy 
colourless body is procipitcated, which dries in a vacuum to an amorphous Iranspurout, 
somi-rosinous mass, consisting of ammoniinn-aldol, C‘R’(N1L*)0'‘‘, This compound 
is very soluble in water, and luia an odour resembling that of aldehyde-ammonia. 

When a cuiTont of hydrochloric add gas is passed at 10° to tho bottom of a concen- 
trated aqueous solution of aldol, tho aldol turns yellow and a tliick liquid is deposited, 
inaolublo in water, and probably containing mo nocliloraldol (CH*-- CHCl — CH'- 
— CilO). 

Hydriodic acid produces with aldol a thick, yellow, unstable liquid. Phosphorus 
pcntachloride acts very stroiigl}' on aldol, forming phosphorus oxychlorido and a 
chlorinated body, probably having tho composition Call’d*. 

Aldol, heated for several days in tho watcr-balh w ith 3 times its weight of aoeiic 
a^ifiydridCi combines with it, ami water added to tho product throws down an oily body, 
which, when distilled immedinUdy under reduced pressm’o, is resolved into two 
acetates, one boiling under a prcssiiro of 2 conti meters at 160°- 100®, tho other at 
lfiO°~lCO®. Tho former, which lias tho composition ; 

C'JFO(C-H=‘0-) or CIP— Cir(OC«lFO)— CIF-*CIIO, 

is a viscid, colourless, sensibly neutral liquid, insoluble in wiitor, soluble in alcohol, 
decomposed by water at 100°, Avith formation of acetic acid, and resolved by baryfci- 
water at tho saiiio tomperaturo into acetic acid and yellow flocks, probably consisting 
of aldohydo-rcsin. Tho second ncetjito, wdiich distils in vacuo at 150°-1G0®, has Iho 
composition and may bo regarded as tho diacetato of crotonic alde- 

hyde; it is a thick, yellowish liquid, which stains paper like a fixed oil, bub nob por- 
maucntly ; is insoluble in water, and gives up .acetic acid to that liquid when boiled 
with it. .Saponified wdth bnryta-wator, it yields tho resinous body abovo moiitionod 
and 2 molecules of acetic acid. 

Anhydride of Aldol, = (Cni^O)20 « 2CRPO- — IPO.— If the liqnidobtainod 

by heating nldehy<lo witli water and hydrochloric acid, as abovo doscribed, bo allowwl 
to stiind till it acquires a brown tint and opaline appearance, and bo then neutralised 
and treated with ether as before, tho ethereal solution loaves nacreous scales w-hich m.ay 
be sopar.'itcd f]*om Iho mother-liquid by moans of Bunsen’s vacuum filter. Tho pro- 
duct thus obUiined is tho anhydride of aldol, and is prob.ably related to aldol in the 
same manner ns ether to alcohol. It distils at 137° under a prcssiiro of 2 coiitimctcrs, 
forming a colourless, very viscid liquid, soluble in alcohol and ether, slightly solublo 
in cold w'ator, more solublo in boiling water, which on cooling deposits it in crystals 
melting at 156°. It easily reduces ammonincal silver nitrate and Fohling’s cuprico- 
potassic solution. 

Aldol also loses water when hoatod for several hours to 60° in a current of ^y air ; 
)t th(!ii thickens and solidifies on cooling to a colourless, transparent, viscid masSy 
insoluble in water. 

Aldol, by ite reducing power and hy tho readiness with which it unites with acids, 
exhibits coiLsidcrablo resemblance to tho sugars. The aldehydes may, indeed, phay an 
important part in tho formation of glucose and similar bodies in tho vegetable organism. 
Tho simplest of tho aldehydes, namely, formic aldehyde, H.CHO, may possibly be 
formed in the processes of vegetation by tho partial reduction of a molecule of water 
and a molpcule of carbon dioxide: CO*-f- H*0— 0*«CIPO ; and tlio condensation of 
several molecules of formic aldehyde may give rise to carbohydrates in the same manner 
as aldol is produced by tho conefonsation of two molecules of acetic aldehyde. The 
condensation of two molecules of formic aldehyde would yield tho first aldehyde of 
gl^l, CH*— OH — CHO, which is isomeric with glucose. 

^nwin C'*n'='0®, is formed by tho condensation of two molecules of benzoic nlde- 
as aldol by that of two molecules of acetic aldehyde. If tho two reactions 
are similar, the constitution of benzoin may bo represented by tho formula C*H* — 
CjaOH--C-H«— CHO. j j 

Borodin {Deut. Chem, Gca, Ber, v. 480) by treating acetic aldehyde witli hydrochloric 
acid obtained a. compound resembling Wurtz’s aldol, but yielding by distillation chiefly 
acetic aldohyde, instead of water and crotonic aldehyde. 
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ikXiXZa.ItrMr. Treparation . — For tho preparation of pure madder alizarin, tho 
following process is recommonded by Warthsi {DcuL Chem, Ges, Ber, iii. 545, 673). 
Stiilfs dyed with Turkey red are exhausted at tlio heat of Uio water-batll; with hydro- 
chloric acid and alcohol; tho solution is precipitated with potash ; and tho precipitate 
is decomposod with dilute hydrochloric acid and sublimed. Or the stuffs, after being 
freed from fal.l.y matt,or by ligroin (light petroleum oil) may bo exliatistcd with 
.'ilcohol and hydrochloric acid, and the colouring matter precipitated by water. Pure 
alizarin may also bo obtiiined by macerating tho stuffs for two or three minutes in 
siToiig sulphuric acid, proci]3itating with water, and treating tho prccipiUite with 
potash. 

Madder alizarin suldlnics between 130° and 140°; artificial alizarin between 280° 
and 300^, For the sublimation of si.lizarin (and of authracono), Wartha recommends 
tho iiso of a wide glass tube exhausted by a mercury or water pump. 

The peculiar fiery colour of fabrics dyed with Turkey rod is attributed by Wartha tc 
a peculiar fatty acid compound of alizariu, which may be extracted with ligroih and 
other. 

With reference to Wartha’s observations, Bolloy (Dim^/. polyt. J. cxcvii. 357) remarks 
that tho methods of separating madder colours from dyod fabrics were described long 
ago by himself and others. 

Isaliffarin C*^H*0* (Bochledor, BeuL Ckem. Ges, B/ir. iii. 292; Zeitschr,f. Chew. 
[2] vi. 573). — Matlder which has been hofitcd with mineral acids, couUins, besides 
alizarin and piirpuriu, certain yellow crystallised substances which are, perlmps, 
present in tho root in tho form of glucosidcs. Their quantity is small, many thousand 
pounds of madder being required to yiehl a fow’ ounces of ibern. Tho material, a 
waste product of a manufacturing operation, w^as obtained in tho form of yellow, hard, 
light, easily pnlvorisablo lumps. It dissolves with red colour, in caustic soda; and 
tho solution, treated with liydrochloric aciil, deposits dirty-yellow gelatinous fiocks, 
which shrink and lose their gelatinous character w'hcn boiled ■with water, so that they 
Ciiu then bo easily washed on a filter. The substance thus obtained dissolves in 
baryfci-water, a nearly black powder remaining behind. Tho blood -coloured solution, 
neutralised with hydrochloric acid, yields a yellowish precipitate, which dissolves when 
boiled ■with glacial acetic acid, forming a reddish-yellow solution, which, if tho 
quantity of acetic acid used was only just sufiicient to dissolve tho precipitate, solidi- 
fies on cooling to a cake of small crystals, which must bo w'ashod on a filter ■with 
glacial acetic acid as long as the liquid which runs through exhibits tho colour of a 
saturated solution of potassium dichromato. By this treatment an amorphous resi- 
nous body, easily soluble in cold acetic acid, is removed, while only a small quantity 
of tho other constituents passes into solution. Tho lomon-yidlow mass remaining on 
tho filter is separated into its constituents by fractiomil crystcdlisalion, first from dilute 
acetic acid, then from hot alcohol, partial solution in alcohol, and partial precipitation 
of the alcoholic solutions watli w'aUu*. 

The compound which is pi’oscnt in Largest quantity in tho mixture, after removal, 
of the resinous body abo'\m mentioned, is isalizarin, a body having tho samo com- 
position as alizarin, but distinguished from it by tho blood-red colour of its solutions 
in caustic poUisb and soda, and t ho red colour of its solution in baryta-water. In tho 
Solid sl^to it has a colour nearly intermediate bc:twecn that of alizarin and that of 
purpiirin. It does not dye calico mordanted with iron or alumina. 

Tho isalizarin is accompanied by small qu!intitios of tlirco other bodies, viz. : a. A 
body bearing a very close rcscrablanco to isiiliznrin, and ha'ving tho composition 
0. llydrisalisarin ■which lias a somewhat lighter yellow colour 

than isalizarin, dissolves with dark brown colour in a boiling solution of forric chlo- 
ride, and separates therefrom partly on cooling, partly on addition of a few drops of 
liydrochloric acid, in light yellow fiocks, which exhibit the samo composition, y. A 
body, which, when heated for a long time to 118°-120°, gives off a molecule 

of water and assumes a darker colour. 

IHstinciion between Alizarin and Purpurin. — When cloth dyed or printed with 
madder is boiled for a short time with a strong solution of aluminium sulphate, a 
liquid is obtained which appears rod with a bluish tinge by transmitted light and ex- 
hibits a gold-green iridescence by reflected light. This appearance is due to purpurin. 
A solution of alizarin exhibits slight fluorescbnce onl^when a beam of light is tlirown 
into it by a lens. Alizarin separates from the solution in aluminium sulphate in tho 
course of twelve hours ; purpurin does not. A solution 6f aluminium sulphate serves 
in this manner to detect the presence of purpurin and therefore of madder-colour. 
Alizarin may bo detected, in presence of purpurin, by repeatedly boiling the red colour 
with xxitassiiim carbonate, which dissolves the compound of alumina and purpurin. If 
the colour does not afterwards appear bleached, tho piosence of alizarin may be 
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inferred ; in that case also tho colour is turned violet by immersion in baiyta-Trator 
(W. Stein, Zcitsckr,/, Cliem. vi. 479).J 

. Artificial Alizarin. — The following method of preparing alizarin from anthra- 
cene paranaphthiilono and their hoinolo^cs is given by A. Girard {BuM. Soc. ind. de 
Mtifkou.se, xliii. 64 ; Lingl.polyt. J. cciv. 400). Tho material used is that which distils 
between 290° and 300° ; it is purjfiod by distillation and pressure, the portion which 
passes over botweon 300° and 336° being collected apart. TJiis mixture is located 
uith potassium chlorate and hydnx’Jiloric afcid, whereby it is coiivortcd into tetrachlori- 
nated products. These are oxidised either by nitric acid in tho water-bath, or by a 
mctiillic oxido (rod or brown oxido of lead), and sulphuric or acetic acid. In tho first 
case, a mixture of dichlorantliraquinono and chlorido of chloroxyanthninyl aro ob- 
tuimid. Theso substances aro trcatxid, in presence of a motallic oxido (zinc oxide, cupric 
oxido, or litharge), with an alcoholic solution of sodium acetate. Tho metfillic oxido 
removes tho last .atom of chlorine from tho sodium chloroxyanthranilato, and converts 
it, liko the dichloranthraquiuono, into alizfirin. 

Tho purification is cilected by moans of benzene, petroleum, &c., whicli dissolve out 
the foreign matters, and^ by successive precipitation from tho alkulino solutions by 
mineral acids. Tho foreign matters may also be separated by means of a little alum, 
when it is necessary to work witli neutral potash or soda salts. 

The following method has been patented by Dale a. Seliorlemmer {Dent. Cfiem. Ges. 
Ikr. iii. 838) : — 1 pt. of anthracono is boiled with 4 to 10 pts. of strong sulphuric 
acid, then diliitcid with water, and tho solution neutnilised with carbonate of calcium, 
baruim, potassium or sodium. Tho resulting sulphates having been rcmiovod by fil- 
tration or erystillisation, tho solution is heated to 1 80°-.2G0° with caustic potash or 
soda, to which a quantity of potassium nitrate or chlorate has been added, about (?qual 
in w’eighb to the aiitliracene — as long as abluc-violot colour is tluJWiby produced. From 
this product the alizarin is separated in tho usual way by precipitation with acid. 

Ou Artificial Alizarin, see also Dcut. Chem, Ges. Ber. iv. 978: Chm. Soc.J. [2] 
X. 621, 622. 

On a secondary colouring niattor produced in tho maniifacturo of Alizarin from 
Anthracono, see Aittuhapuhpuiun, • 

Bed. Colour-printing unth Artificial Alizarin. — A. Muller {Chom, Centralblatt, 

301) obtains a rod, similar in tint and purity to Turkey rod, from aiithracone-alizariu 
by a process of direct printing. 

Tlio pigment (containing much antJirapurpurin) in a pisty form, and having 25 p.c. 
of dry material, is dissolved in boiling spirit in tho proportion of 1 : 6, and immodiatoly 
mixed with a concentrated solution of aluminium chlorido of which tho pure Al^Cl* is 
to the weight of tho colouring matter as 1 : 3. Tho liquid is thickened with a littlo 
trngacantli, .and for every half litre of this mixture, 30 c. c. of a solution of tho best 
olivo-oil in sulphuric acid and a littlo spirit (15 : 1 : 16) is stirred in. This solution 
must bo as thin as possible, but thick enough to withstand tho capillarity of 
the cloth. The cotton cloth wil-h which tliis colour is to bo used is first impregnated 
W’ith a solution of aluminium acebato of about 8° B., and after drying and two days’ 
airing, is passed through a soap-bath containing 30 grams of Marseilles soap to the 
litre of wutcr, then well washed out and dried. 

Tho clotli printed with the above mixture is now exposed to strongly airmioiiiacal 
steam at a moderately high pressure, pissed through a weak soap-bath, washed iu a 
stream, and passed through the following series of liquids : — 1. Cold nitric acid, 3 c. c. 
to 1 litre water. 2. W.ashcd in stream. 3. Cold nitric acid, 6 c. c. to 1 litre water. 
4. Tin salt, J gram tin salt to 1 litre water at 30° C. 5. Washed in stream. 
6. Liquor of J avollc, 1 6 c. c. of 8° B. to 1 1 i tro water, cold. 7. Thorough washing. The 
«>lour is now thoroughly developed, and behaves to light, air, and soap liko Quinary 
Turkey red. In preparing the aluminium chloride (by addition of barium chlorido to 
aluminium sulpliate) it is absolutely necessary to avoid an excess of tho barium salt. 

Bromalizarin, C'^II’BrOS is formed by heating alizarin and bromine together 
■With carbon sulphide to 170° ; in the dry state the two substances do not act upon 
each other. By crystallisation from glacial acetic acid, tho bromalizarin is obtained 
la orange-rod needles ; it dissolves in caustic alkalis with a blue-violet colour, similar 
to that obtained with alizarin, and giving a similar absorption-spectrum. Bromaliza- 
rm dyes a rodder violet with iron mordants, and a browner red wiUi alumina mordants 
tliau alizarin (Perkin, Ckemical iVctcs, xxvii. 317). 

l>iaectyl-alixarin, iromoriewith diacotyUnthia- 

acid| is formed by hoating alizArin 'with acetic anhydride for some hours to 160® 
111 a scsidod tube. It sej[>arates on cooling as a yellow crystalline substance, wliich, may 
BO puiifled by hating it with -water, drying, and recxystajlising two or thiM times 
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from alcohol. It is then obtained as a palo yellow substance, crystallising in'‘flnt 
needles or plates. It molts at 160°, or 68° lower than diaeutyl-anthrnflavie acid, and 
is much more soluble than the latter in alcohol and in glacial acetic acid. By lieating 
with alcoholic potash, it is decomposed, with formation of potassium alizarato (Perkin, ^ 
ChAm. Soc. J. [2] xi. 21). . . . ^ 

When diacotyi-alizarin is added gradually and in small quantities to nitric acid of 
sp. gr. 1-5, a solution is formed, which, on being slowly added to a large qimiitity of. 
cold water, deposits a prccipiute which dissolves in glacial acetic acid, and crystallises 
thorofrora in noodles. This substance dyes alumina mordants a bright orange colour, 
and iron mordants of a very red purple. The colours are superior to those protluccd 
by the nitro-dcrivativo obtained in like manner from anthrapurpurin. It dissolves in 
alkalis witli a purple colour, ami the solution gives a spectrum showing a considerable 
absorption in the orange, wliieli appears to consist of two indistinct bands. It docs 
not appear to be identical with the nitroxyalizaria obtained by Streckcr Soc. 

Chini. 1 2] xi. 260), as that substance forms red solutions with alkalis (Perkin, Chem. 
Soc. J. [2] xi. 430). 

Afctht/l-nliirarin, C*“n“»0' s=C'<H*(0H)(0CK“)0®. — This compound may bo 
prepared by treating artificial alizarin with a mixture of mctliyl iodide, caustic pot ash, 
and u little methyl alcoliol in closed tubes, at a moderate temperature, evaporating 
the contents of the. tubes to dryiu^.ss, and treating the residue successively with wati-r, 
alcohol, and dilute caustic potash. The second residue, which was found i,o consist 
maijily of the potas.sium connxmnd of metliyl-alizarin, C‘‘n‘*(0K)(O0Tl®)O“, is 
treated witli hydrochloric acid, and Iho imsolublo orango-toloured Hocks dissolvtjd iti 
boiJingalcohol. The alcohol, on cooling, deposits crystalline needles of methyl nlizavin. 

Methyl-alizarin crystal! isos in long reddish-yellow nocdles.which are .almost insolnblo 
in boiling water, but readily soluble i n oil of Autrol. It, volatilises ont iroly by heat, yiehl- 
iiigasublimato of lustrous yellow scales. It dissolves without docomposition in aboilitig 
solution of caustic potash, but when carefully fused Avith that, alkali, it is converted into 
alizarin. It differs essentially from alizarin in the appearance of its spoetrum, its 
solution in caustic potash show'ing no trju’o of ab, sorption-bands, but only a general 
obscuration of the green part of the spectrum. The solution in strong suli>liiiric 
acid, however, shows an absorption-band botwjien the green and the blue, similar to, 
but loss distinct than that cxhibit/cd by a solution of ant hraflavic acid. It di.ff(^r8 also 
from alizarin in not being capable of dyeing mordanted cloth, wliilo it resembles au- 
thraflavic acid in it s capability of forming crystalli sable potassium .and sodium com- 
pounds (Schunck, Chemical Newsj xxvii. 171). 

iLZiXKAlUir-BlJliPROJrZC AGXZ>. Alizarin heated with fuming sulphuric 
acid forms a sulplio-acid, wdiose salts are about ns soluble as the corresponding sul- 
phates. When fused with potash it yields alizarin, 

A&RAXiZS. On Alkanna-rcd as a test for Alkalis, see Alkanna. 

Rospoeting tlio determination of Alkalis in silicates, soc Silicates. 

On tho boat evolved in the electrolysis of Alkaline Rases, boo ITkat. 

AXiBLAXiOZSS. Bourgoin (Bull. Soc. Chim. [21 xii. 438) has cxaTiiinod tlio action 
of the electric eurronton tho neutral and acid siilphatos of atropine, brucino, codoino, 
quinine, and strychnine, witli tho following results : — 

1. The current decomposes the salts of organic bases in the same manner as in- 
organic salts— that is to say, the basic element goes to tho negative polo, w’bilo tho 
remaining constituents of the salt aro eliminated at the positive polo. 

2. In an acid, and also, though loss easily, in a neutral solution, tho same colour is 
produced by tho action of tho current as by addition of nitric acid, whence it follows 
that those colours are quite independent of the production of a nitro -compound. 

3. Tho gas evolved at tho positive prde does not consist entirely of oxygon, but 
contains also carbon monoxide and dioxide, sometimes in equal volumes. 

4. Besides these gases, various products ore formed, chiefly compound ammonias, 
formed by decomposition of tho alkfiloids under the influence of oxygen, which pro- 
duces a gradual combustion, more energetic as tho solution is more ackl. 

Beaction of Alkaloids vnth Sugar and Stilphuric acid. — Morphine is nt once coloured 
a beautiful purple-rod, when a small quantity of the mixture of tho base (or its salts) 
, with 6 or 8 pts. of sugar is treated with concentrated sulphuric acid. No browning 
of tho sugar is observed. Tho colour lasts from hour, then gradually becomes 
blue, violet, dirty bluo-j|^ooD, «ind lastly, dirty-yollow. This scries of colours can Tjo 
rapidly produced by adding a little water. 0 00001 gram can bo clearly indicated by 
this reaction. Dilute solutions of moi^hino are to have about as much sugar added 
as will dissolve in them, and then to be brought in contact with sulphuric acid, -when 
a beautiful roso-rod zone will dovclopo itself where the two liquids meet 
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Codeine closolj rosomblos morphino, except that the reaction sneceodg host, when tho 
sulph^ic acid is not tho most concontratod. Codeine is distinguished from inorpiLino 
by being roadiiy lakon up by chloroform from an alkali no solution. 

Aconithie is coloured a beautiful rose-red, soon becoming dirty riolet and brown. 
The aconitino is to bo stirred with a drop of sulphuric acid, and them a drop of con- 
centrated sugar-solution brought in contact with it. There i.s a certain dogpno of 
rosomblanco between the reaction.^ of aconitino and those (d' morphino and codeino. 
It is distinguislicd, however, from t.liem liy Dragendorlfa process for .separating tho 
alkaloid.s ; codeine and aconitine are taken up hy benzene from an alkaline .sobitif)n, 
but not morphine; aconitijio is quite insoluble in w'atcr ; codeine dissolves easily, 
especially in hot water. 

^ DdphminCy intimately mixed wiMi a drop of sugar-solution on a porcelain plate, 
gives also a ch.'iractcristic reaction, when .a small drop of sulphuric, acid is dropped 
into tho middlo of it. Tlio acid becomes yellow, tlion yellowish -brown with a dirty- 
green border, and on addition of a smah drop of water, assumo.s a maguiiiceub green 
colour, which soon passes inUj a dirty green, and then infa» brown. 

Tho behaviour of narcotinc, narceine^ cinohona-hascs^ strychnine^ hruciuCj atreepine, col- 
chicine, omtine, and picrotoxine is not characteristic (R. ScliTicidor,Poy^. Aim. cxlvii. 1 28). 

licactions until Ceroso-ceric oxide. — This oxide exliibits eharaetcjristic colours with 
Bovoral alkaloids, csi^ociallj' with strychnine. When strong sulphuric, acid Is poured 
upon strychnine, and Iheii a small quantity of ceroso-ccric oxide added, a lino blue 
colour i.s produced, similar to that which stryebnino oxliildts with potas.sium bichro- 
mate, but much more permanent. TJio hluo colour gi-ailnally changes (o cIu;iTy-r€d, 
and then remains unaltorcd for several days. Tlii.s reacLiou i.s capable of detecting 
1 pt. of Klrycliniuo in a milHon pts. of liquid. Brticinc, similarly treated, acquire.^ 
an orange-colour gradually changing to yellow; nifirpkinc, olive-brown, finally brown; 
narcotine, brown clierry-red, finally wine-rod; codeine, olivo-genon, finally brown; 
(jiniiinr., palo-yollow; cinchonine .and theme remain colourles.s ; I'crflJfWwc becomes 
reddish-brown ; atropinp, dingy yellowish-brown; sotaninc, yellow at lirst, finally 
brownish; ernetme, Irpow'n ; colchicine, ixvvS. green, then dirl.y-brown ; aniline, after a 
long time, .loquircs a blue colour extending from the edges inwards ; conine becomes 
liglit-yollow'. Fiprrine colours the sulphuric aidd blood-red, and is turned dark-brown, 
almost black, by the ceriiim oxide (Sonnenscbcin, Bcut. Che-m. G(S. Bcr. iii. 632). 

Reaction with Cyanide.s. — According to hliickigor {Chein. Centr, 1872, 741), tho 
Jiydrocyaiiidc.s of tlio alkaloids cannot ho prepared by double decomposition -wit.h 
metallic cyanides or by llie action of hydrocyanic acid on their alcoholic, aqueous, or 
alkaline solutioii.s, the precipitates so formed consisting only of llic pure bases. 

Reaction with Picric acid. — According to irager {Zeitschr. Ann. Chem. ix. 110), this 
acid is a very good x^rccipitanfc for alkaloids, affording a very delicate test for many 
of them, anil may, perhaps, also .servo for separ.ating tliem ono from another. TIio 
preeipilation takes place oven in solutions containing a largo excess of sulphuric acid, 
and is soinel hues coniploto. Precipitated are : brucine, strychnine, vcratriiie, quinine, 
quinidi no, cinchonine, mo.st of tho opium alkaloids, aconitino (?); 7 iot precipitated: 
morphine, ntropino (JOnglish); pseudo-morphine, calFeine, and all glucosidos. 

Compounds of Alkaloids with Bilc-acids, — The gall of oxen, pigs, and dogs, and tho 
sodium salts of glyco-, hyoglycyo-, and tauro-cholic acids, give crystalline .precipitates 
widi some alkaloids, amorphous with others ; tho precipitates usually contain excess of 
acid, and are decomposed by diffiision, and dissolved by hydrochloric acid, ro-appear- 
iiig on neutralisation ; excess of bile or bile-acids also dissolves them. The salts of 
stryclmino, brucine, quinine, cinclionino, veratrine, emetine, and quinidino give 
difficultly soluhlo compounds, while tlioso of morphino, nicotine, and coniiie are 
Oiisily soluble ; ilio strychnine and quinine compounds are about as energetic physio- 
logically as the nitrates and hydrochlorides of those bases respectively (W. F. do 
I’Arbre, Chem, Cenirbl. 1872, 231). 

AMCAWWA. Bdttger {J. pr, Chem, evii. 146) recommends alkannin or alkanna- 
rod as a very delicate test for alkalis, especially for ammonia. Strips of paper dyed red 
with alcoholic solution of alkannin are instantly turned blue, when moistened, by 
mere traces of ammonia. The same papers, turned blue hy a dilute solution of sodium 
cu rbona;to, servo for the detection of the smallest 'traces of free acid. Tho papers may 
bo preserved unaltered for any length of timo in glass vessels. 

J. B. Enz {Jahresb, 1870, 935) prepares those red pax>er8 by exhausting dried 
alkanua root with about 4 parts of ether nt ordinary temperatures, filtering, and^ 
dyeing strips of Swedish filter-paper with tho splondid ruby-coloured solution. 

AXacOPBTItB* See Peftokbs. 

AUawzo ACm, C*H»N«0». (E. Mulder, Ann, Ch, Pkarm. cHx. 353).— An acid 
produced by the action of nitric acid on ollantoin. It is best propaxod by gradually 
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adding po'n’doTod flllantom to red fuming nitric acid in a woU-coolod porcelain dish 
till the whole is dissolved. On leaving the solution to stand for sonio time, till 
crystalline crust forms on the surface, and rccrystallising this crust from water, 
allanic acid is deposited in beautiful stellate groups of noodles, consisting of a hydrate 
C^IPN^O^.H-O isomeric with nitrate of nllant-oin C^II^N^O-’.HNO®. 

Allanic acid has an acid reaction, is sparingly soluble in cold water, and doconi- 
poses gradually when its aqueous solution is evaporated. Tho crystals give off their 
water gradually at ordiufiry temjMjratiu'cs, more quickly when heated iii a test-tube to 
about 90°, becoming dull at tho same time. 

Allanic acid decomposes at 210°-220° without fusion or evolution of red v/iponrs. 
It chars when heated on platiiium-f<jil. It does not bleach indigo-solution when 
mixed with hydrochloric acid, or give off gas with nitric acid containing nitrogen 
telroxido. It does not gi^'o a precipitate willi calcium chloride, oven on addition of 
ammonia. It is prccipiUited by sih’-er nitrate on adilitiori of ammonia, and by basic 
lead acetate, but not }>y tho mmlral acetate. 

Allanic acid is monobasic. It dissolves readily in ammonia at ordinary tcmperfituros, 
and tho .solution on standing deposits well-formed prisms of the amamthtm 
salt C*H^(NH*)N^O*. ]*rom the conccnl rated solution of this salt allanic acid is pre- 
cipitated in stellate needles of the hydrate above described. Allanic acid decom- 
poses potassium carbonate, and the .solution, after a while, deposits prisms of 
j^olasainm alUmaie. The. i^ilver salt is obtained on adding silver nitrate to ammonium 
allanato, as an amorphous precipitate, which dissolves in warm water, and is 
deposited on cooling in cr^'stals having tho composition CTl'AgN^O' H- IPO : it.s 
amrnoniacal solution i.s dccompo.sod by exposure to light, and deposits nietnllie. sil ver. 
It does not detonate, even wlicu liciitcd. The nctitral lead sall^ Pb((^^.ll is 

obtained by gradually adding neutral load acetate to a saturat'd solut ion of allanic 
acid, as a warty mass which doo.s not lose weight at 130". A basic lead salt is obl uiutid 
by adding basic lead acetate to an excess of iillanic acid; after drying at 
100° in a stream of dry air, it has the composition Pb(CTI^ilI‘0*)®.i-*bH-0-*. 
Another basic salt, containing 2Pb(C^TI‘N*0-')‘*.5PbIl“0-, perhaps a mixturo of 
Pb(CWN*0')=.2PbH20* and Pb(C'n*NH)»)* SPblP’O^ i.s obtained .by precipitating 
allanic acid with excess of basic lead acetate, and drjdng the precipitate at 100° in a 
stream of air. Tho barium salt crystallises with difiiculty; the magucsium salt 
apparently not at all. 

Allanic acid appear.s not to have tho constitution of nitro-allantoin, C^IP(N0-)N''0*, 
inasmuch as it is not reduced by hydrogen sulphide in a strongly annnoniacal solnlion ; 
moreover, it is less easily reduced than allantoin by a strong solution of hydrogen 
. iodide ; and its silver salt is not explosive. 

AltXiAXirTOZC ACID. C^IPN*0^ (E. Mulder, Aim. Ch.Vharm. cl ix. 302).— An 
acid produced by addition of the elements of water to allantoin (0*H"N't)* + ll-O); it 
was obtiiined in an impure state by Scliliopor, who called il. h-gdantdic acid (lii. 177) ; 
that term, however, is now more apyiropriately applied to tho acid C"IT"N®0®, formed 
by hydrat ion of hydantoih (Isi Rujipl. 702). 

A solution of allantoin in aqueoas potash wlii<*li has stood for some days, no longer 
gives a precipitate with acetic acid oven aflx>r some time ; but if acetic acid bo added 
to acid reaction, then a little alcohol, and tho liquid bo left in an ox.siccator over 
lime, the potassium salt of allantoic acid, C*H^KN^OS gradually separates in hard 
crusts, composed of stellate crystols, which, after rccrystalli.sation, exhibit a neutral 
reaction. The solution of this salt gives crystollino precipitates with neutral lead 
acotato and silver nitrate ; no precipitate with barium chloride till alcohol is added, 
whereupon a curdy and very hygroscopic precipitate is formed. 

Al«&AJrTO'zir. (E. Mnlder, Ann. Ch. Pharm. clix. 340). — In preparing 

this compound by Liebig a. Wohler s method, namely, oxidation of uric acid with lead 
dioxide (i. 130), the yield is found to bo increased by using about one litre of water 
to every 25 grams of uric acid, instead of the smaller quantity usually recommended. 
The greatest yield is obtained by effecting tho decomposition at tho ordinary tempera-, 
turo, 100 grams of uric acid are stirred up with 1 to 2 litres of water, a small 
quantity of acetic acid is added to start tho reaction ; the necossniy quantity of load 
dioxide is gradually introduced; and tho mixture is exposed to bright daylight. 

Eop 100 grams of uric acid tho dioxide from 1’6 kilogram of red lead is required ; 
both the dioxide and tho uric acid are omployod in tho dried state. Tho decomposi- 
.lion being ended, the whole is heated and filtered, and the residue is repeatedly ex- 
haustod with warm water ; tho filtrates, to which a small quantity of acetic add is 
added, are evaporated and filtered. On cooling, tho allantoin separates out, and a 
further quantity is obtained on concentrating tiie mother-liquor. 100 grams of uric 
acid thus treated yield 30-^2 grams of pure allautoiD. 
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Tlio formation of allantom is usually expressed hy tlio oquaLion : 

+ H^O + 0 « C‘ira'05 + CO». 

Uric acid. AlIantoYii, 

.according to which 100 grama of uric acid ahoiild yield 92 grams of alhintoin, and the 
loss is supposed to ho duo to further partial oxidation by tho peroxide. Mulder finds, 
however, thaLallantoi'n is 9ioi perceptibly decomposed by lead dioxide at tho ordinary 
temperature, nrid only with extreme difficulty on heating. Ho believes that tho for- 
mation of dialuric acid precedes that of allaritoin, probably according to tho equa- 
tions : 

a. 2C»1HN^0“ + 4H=0 = 2C*1V1^‘0' + 2CIPN20. 

Uric .Tcicl. Dialmic iicid. TJrcu. 

;3. 2C'ir'N*o‘ + IPO + 0- - cnr«N‘0=* + 2C*ir-()'. 

Dialiu'ic iicid, AllantoYii. Ox;:i1ic ncid. 

In this case 100 gi’ams of uric acid should yiidd 4C grains of allaiituin. It. h.is, in 
fuel, been shown by Oibbs that di.aluric acid may bo converted into .'illanloiii by 
f)xii!;ilio!i, viz. l)y Hie action of nitrous Jicid (I. Suppl. 5M). 

Scliliopor (Jmi. Ch. Vkunn. Ixvii. 2M) prepares allaiilo'iii by oxidising uric acid 
with iiotiissium ferricyaiiide, Iho uric acid being dissolved in potash. Tim yield 
is aliout Iho sanio as when lead dioxido is used, .and tho quantity of the red 
pnissiato required is in accordanco with the equation above given for the formal ion 
of iillaulojii from uric acid. The formation of tlio red liody from wliicli ycliliepor 
found it dilliciilt to piu'ify liis allanl.oih, is easily avoided by using less -water Ilian ho 
directs, and neutralising with acetic acid. Ily the further action of potassium ferri- 
evanido on allaritoin in presence of potash, Schlioper obtained his Ifiiitanuric acid, 
t7n‘N"0“ (iii. 4U7). Mulder was not able to obtain this compound (soo tho next 
Article). 

AlUmio'm niirafe, C*lI®N‘OMINO^ isomeric with hydrated allanic .acid (p. 44), is 
obtained by leaving a mixturo of 2 gram.s allantoju and 3 grains ordinary nitric acid 
tostiiud for some W'eoks over limo. It appears to bo amorplioiis, and is decomposed 
by water and by alcohol, witli separation of allanloin. Allantolii combines also w'ith 
siilphum ncid^ 

Vokissium’dlanimn, CHPKN^O*, is obtained by .adding potas.sium hyclrato to finely 
Ijowderodallantoin suspended in water, until complete .solution is eftected. Tlio .solution 
mixed with alcohol and left over lime, depo.sits (ho salt, wlicli, after re-crystallisation 
from aqueous alcohol, forms a silky, glistening, bulkjj' mass, cxtrenioly solnblo in water, 
and having an alkalino roae.tion ; tho solution mixed with acetic acid yields, after 
sometime, a precipitate of .allautuin. 

» AIiLANTOXAXrXC ACID. C*H®N*0<(vnn Embdon, Ann. Ch Pharm. clxvii. 
.^9).— All acid produced by tho oxidising action of potassium ferricyanido on alliiii- 
tom dissolved ill caustic potash : 

-p 0 = NH* + CHPN»0<. 

The colour thereby produced disappears quickly at first, more slow4y afterwards; 
potasli niihst bo .added from time to time or tho oxidation will not go on. Ammonia 
is evolved during tho whole of tho reaction, andsometimes a crystalline precipitate of 
potas.siiiru ferrocyjinido is formed, -which may bo dissolved up by water. As soon as 
the colour becomes permanent — which takes place when 1 mol. ferricynnide, K“Fo*Cy*'‘', 
has l^eou added for every molecule of allantoiu — the liquid must ho acidified with 
acotic acid. It then deposits a crystalline precipitate of acid polasaimn allantoxanaU^ 
C*JTHfN*Oh which may bo purified byrcLTystallis.atiou from hot water. Tho same salt 
is produced when potassium allantoxanate is oxidised in like manner by potassium 
fcn’icyanide. 

Acid potassium allantoxanate dissolves in 116 pts. of cold Avater. 33y fractional 
precipitation -nith neutral lead acetate, it yields neutral lead altanio,mnaie, C^HPbN*0^ 
Tho silver salt, prepared in a similar maimer, has tlie composition C^H’^AgN’O^. 
Thu nmtral barium sail, is formed by precipitating the acid potassium salt 

with baryta-water, from the composition of those salts the acid appears to be 
bibaaic. 

The hydrogen saU^ ox free me?, obtained by decomposing tho lead salt with sul- 
phydric or sulphuric acid, is capable of crystallising, but is very unstable, its solution 
evolving carbon dioxido even at ordinary temperatures. 

AKUimnUC Acn>, C»H'“N«0« (?) (E. M:ulder, Ann. Ch. Pharm, clix. 359).— 
This acid, discovered by Pelouze (i. 132), is obtained in small quantity, together with 
allanicj acid, by the action of dilute nitric acid on allantoin. When allantoin is 
ueated on tho watox^bath with nitric acid of sp. gr. 1*35| it quickly dissolvesi and on 
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evaporating tho Bolution, a sticky suLstanco is left which solidifies on cooling to a hard 
transparent amorphous mass. This mass retry stal Used from water gives stellnto 
crystals of allanic acid, and on leaving tho mother-liquor to stand in an exsiccator, a 
further quantity of allaiiic acid crystallises out, togetlior with urea nitrate, gas being 
ovolvod at tlio same time. Tho syrupy residuo having boon repeatedly wuslttod with 
cold water till no further dej^sition of crystals (»r evolution of gas took place, tho 
Bolution was fractionally procipitatcid with basic load acetato, whoroby a series of 
precipitates was obtainod, ono of tho later of wliich gave by analysis lO’C p. c. nitrogen 
and 10-9 p. c. carbon (nearly equal quantities), and 17'1 p. c. lead. This is nearly 
tho composition of the lead salt of an acid containing Its formation may 

bo represented by tlio equation : 

2C<IPN*0» + n-0 « -I- CON^n*. 

Allautoi'n. Allaiituric acid. Urea. 

rolouzo .assigned to this acid ilio formula but liis Jinalysis gave loss 

nitrogen tJiaii that required by this formula. Gerhardt {Chimie or^aui^ue, i. fi28) 
proposed the fornnila 

Allanturic acid is also formed, but apparently witliout alknic acid, by evaporation 
with hydrochloric acid. Tho lead s.alt of the resulting acid gave iO‘8 p. c. carbon 
and 10‘8 nitrogen. The qiuwitity of ullantiu’ic acid obtained by eillicr process is, 
however, very brnall. 

AUOPBAlf E. A Bpocimon of this mineral from Dchn, no.'ll' Limburg in N.nssau, 
oxaniincd by G. vom Hath {Poffff. Aim. exliv. bOI), consists of a principal staladito 
8 centimeters long and about 4 thick, to wliicli are altacln.'il a iiiimber of smaller 
ones from 5 to 10 ium. long. It is perfoelly transparent and colourless : has a strong 
lustre inclining to fatty; a oonchoidal fracluro ; ami is very brittle. Tlio analysis of 
the miuoral dried at 2u^ .and ignited, gave tho following results: — 

LlKl Al’O’ CttO ll-O 
Ignited 37*28 69-76 306 — r. 100-09. 

Driodat 26° 23'r)3 37’73 1'92 30*86- lOO-Ol. 

Reckoning tho small quantity of limo as silicate, 2C.'iO.SiO% tlioso numboi-s le.ad to 
tlio formula Al'O^.SiO'-, or Ai-SiO* for the anhydrous, and Ar‘*SiO'‘.r)ir*(J for the 
hydrated nvinoriil. About half tho wiitor is given oft’ at 100'’; nearly half the 
remainder by prolonged heating to 200°-22U° ; the rest .'it a red heat, but not quickly, 
except at the heat of a lamp urged by the blowpipe. 

The sijecifie gravity of the mineral in its natural state is 2*079 ; that of tlio ignited 
mineral 2-4fl6. 

AEEOBAZr boiled with solution of sodium nilratc and a little ncctic acid i.s con- 
verted into Bodiuin ox.alurato, wliich, by prolonged boiling, is resnlvoil into oxalic 
acid and urea. 

Barium alloxanatc treated in the name manner yields not quite pure barium 
oxalate. 

Alloxantin boiled with sodium nitrate Jind acetic acid is oxidised to .alloxan (G ibbs, 
Sdl. Am. J. [2] xlviii. 216). 

AUVEfOr EXAEliYE. C^H'^^CW.C’IP.— Wagner , a. Tollons (Di'ut. Chem. 
Gea. Bar. vi. 588) obtainod this hydrocarbon in .attcmjting to prepare allyl-bouzono 
by heating together 48 pi s. of allyl bromide, 66 j>ts. bromobenzone, 102 pts. ben- 
zene, and *23 pts. sodium tf) 60®. An energetic action took place which had to bo 
modersitod by cooling ; and by subsequently distilling the product over a naked flame, 
a liquid was obtainod consisting principally of bciizono and allyl, but not containing 
any allyl-beiizono. In another experiment tho distillation wns effected over the water- 
bath, and the residue was treated with alcohol ; tho addition of water then caused tho 
separation of an oily substance, which, on distillation in a current of stoam, yielded a 
small portion of a distillate containing di<allyl, but no ally 1-bonze no, and a thick 
residue smelling of cinnamono, which deposited crystals apparently consisting of 
diphenyl. Wagner a. Tollens think it probable that this thick oil, which combiuod 
-with bromine, contained a polymerido of allyl-benzono. 

Tho diallyl formed as above yielded a tetrahromidc^ C“H*®I5r^ which, after ppiflea- 
tion, melted at 62'.6®-.63*6°. Now this compound is generally said to molt, at 37®. 
To reconcile this difference, diallyl was prepared : o. jly the action of sodium on a 
mixture of allyl bromide and benzene. A By Oppeniieim’s method of treating meiy 
curie iodallylide, C’H'Hgl, wiUi potassium cyanide (p, 51). y. By the action of finolv 
divided silver on allyl bromide. Diallyl firam those several sources was found to boil 
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.•it 68®-60®, and its totrabromido, after purification, molted at 60®-63‘6°, agroting, 
thoreforo, with that obtained by the first method. 

The boiling point of dial lyl appears to indicate th.at it is analogous in structiiro 
rather to di-isopropyl than to normal dipropyl, its constitutional ibrmulu being probably 

CII* CH« 


I I 

CII»— CII-. 

AZiXiYXi AXiCOBOli. or CTT“Cn— ClI^OIT, is formed by the action c f 

sodiuin on dichlorhydriii (Hiibiicr a. Muller, Zcii^liT.f. CJicm. vi. 311) : 

C=*lP.OH.Cr- + N!i= = 2NaCi + C^IPOH. 


i\ccording to Tollons {Ann. Ch. JP/mrm. clviii. 101), pure allyl alcoliol, carefully 
thbyflr.'itud with linit), boils at yG°.-97°, a somewhat higher toinperatiiro than that 
previou.sly given by tJie same cliemist (I. Siippl. 9). Its specific gravity, doterminod 
at diftereiit temporaturos, is as follows : 


Temp. 

0 ° . 
13 ^ . . 
'2:p . 

. 


Bp. gr. 
0-8079 
0-S6()lo 
0-8.V074 
0-S3107 


Temp. 

62® 

75-r)® 

93*6® 


Bp- gr. 
0-81832 
0-80631 
0-7935.J 
0-78S32 


TljL'rio numbers givo for the expansion of allyl alcohol by heat, the following 
foi’imila: — 

Vt = Vo + 0*000879^ + 0-0000026^=. 

This gives, for the specific gi*avity of allyl alcohol at 97° compared with that of 

water at 0®, the number 0‘781G, whence the specific volume is -? — a=73‘92. which 

^ 0*7816 ’ 

agreos w(dl -with the ilifiorolical value calculated by Kopp, namely 7.3-8. Ilouro it 
may be ijiferrod that the oxygen of allyl alcohol, which is present us liydroxyl, entors 
■with the atomic volume 7'8 ; wlicrous the oxygon of the isomeric body acetone, which 
id present as CO, has the value 12-2*. 

'Plio boiling }K)int of allyl alcohol is tlio same ns that of normal propyl alcohol; the 
Ixjiling points of llio chloritlc, bromide, ioilido, formate, ncotaUs, aud olherothorsof 
:i Jjy I Jiiive like wi.so been found by Tollons to agree with those of the corresponding 
iioriuiil propyl ic others. Tim agroomont between the boiling points of the corresponding 
allyl and pi’opyl compounds (except diallyl) may thoreforo bo looked upon ns general. 

Allyl alcolnd oxidise*! with chromic acid mixture gives off an odour of acrolein, and 
yields, on distillation, formic but no acetic acid (liinno a. Tollons, Zcifschr. f. Ch^nu 
[2] vii. 260). 

Allyl alcohol united witli//yjooc7</oro«J5 forming inonochlorhydrin, C-'‘IP(011)-C1 ; 

the yield is lioAvovcr but sm.-ill, as the gn?ater part of the alcohol undergoes oxida- 
tion (L. Henry, Deut. Viinn Ges. JSer. v. 419). 

Allyl alcohol, lieatcd with an equal weight of potassium hydrate to lOS'^ in a flask 
witli inverted coridonsor, f^ikes up Iiydrogon and is partly converted into normal propyl 
.alcohol, while oth}'! alcohol, formic acid, aud acrylic acid are obtained ns secondary 
products. The formation of normal propyl alcohol by this reaction shows that allyl 
has the constitution CH — CH-OH, as indicated by the equation : 

CH* CH» 

Hh + h* = oh* 
in'OH (Ih'oh. 

Allyl alooliol. Propyl alcohol. 


allyl alcohol is, however, possible, namely, that represented by the formula 
This is, perhaps, the isoallyl alcohol which Berthelot obtained by 


treating allylono with sulpharic acid, and distilling the product with water. 

(^cirf. CA«i», Ou, Btr. Iv. 647), the above detennination of the atomic volnme 
oi allyl akohol is not quite exact. 
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diohlor'ide of allyl alcohol, C*H*OCl*, which Tollens obtained by direct 
addition of chlorine to allyl alcohol (1«(^ 8uppL 91 ), is likowiso produced : a. By addition 
of hypochlorous acid to allyl chlorido (v. Gcgcrfeldt, Ann, Ch, P/mrm, cliv. 247 : 
Ifeat, Chem. Ges, Per, vi. 720). 

CIP CH*Oir 

Ull + dOH = AhCI 

in^ci Ah«ci. 


$, Together with the iBomoric compound, dichlorhydrin, CH^Cl — CHOH — CH^Cl, 
by passing dry hydrochloric acid into a mixturo of glycerin and glacial acetic acid. 
The two isonicrides may be separated, though not completely, by fractional distillation, 
dichlorhydrin boiling at 171®, allyl alcohol dichlorido at about 182”. Tho latter is 
best prepared by tho action of dry chlorine on allyl alcohol dehydrated with limo 
(Tlubncr a. Miillor, .dnw. Ch. Pharm. clix. 16S). It is a viscid oil, having a faint 
ethereal odour, and a specific gravity of 1*355 at 17*5°, soluble in alcohol and in a 
large quantity of water (v. Gogerfeldt). 

Both dichhjrhydrin and allyl alcohol dichloride, when treated with caustic soda- 
solution, whicli al)stracts hydrochloric acid, yield one and tho same epichlorhydrin, 
boiling at 118=-119°. This is easily explained by tho following equation, in which 
the eliminated chlorine and hydrogen atoms are bracketed : — > 


CH=C1 

CH(Cl) 

<!)H'0(n) 

Allyl alcohol 
dichloride. 


and 


CIPCl 

^uo(n) 

0 ^( 01 ) 

Dichlorhydrin. 


cn-'ci 

I 


— HCl 


CU 

^ CIP 


This transformation, therefore, does not enable us to decide which of the two 
isomerldes is represented V)y the symuiotrieal, and wliicli by the unsymmetrical 
formula; but the formation of allyl -alcohol dichlorido by direct addition of chlorine 
to tho alcohol loads to the conclusion that it has tho constitution CIl-Cl— CHCl — 
enroll, which is further corroborated by its analogy to the dibromide. 

Allyl-alcohol dihromide, C-'IPBr-O, oxidised with chromic or nitric acid, is 
converted intodibromopropionic acid C^IT^Br^O*, which, when treated with zinc-dust, is 
converted into acrvlic acid This reaction leads to tho conclusion that dibro- 

ipido of allyl alcohol contains tho group CH^OIT, and is ruprc’..sf?nt.cid by tho formula 
CH*Bp — CITBr — CIPOH, wliich is, moreover, in accordanco with its formation from 


allyl alcohol by direct addition of bromine 
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Dibromo-propLonic acid. 

Acrylic add. 

(Tollens, Zeilschr,/, Chem, [2] vii. 305.) 




Allyl-alcohol dicyanide, C^H''(CN)*0 C"HXCN)WI, isobtainod by passing 
cyanogen gas for soriio t,imo into allyl alcohol, washing with salt water, drying with 
calcium chlorido, and fractional distillation. It is a colourless liquid boiling at 150®- 
151®, and having a not unpleasant odour, resombling that of pure ethyl cyanide 
(Tollens, Deut, Chem, Gea, Per, v. 021 ). 

Pi-iao allyl alcohol, (Hiibnop a. Miillor, Ch, Pharm, clix. 384).— 

When dry epichlorhydrin is addod drop by drop to sodium iramorsod in anhydrous 
ether, tho other distilled off at tho end of tho reaction, the rosiduo truatod with water 
to remove tlio excess of sodium, tho whole then ovaporatod to dryness, tlio residue 
digested in absolute alcohol, and the alcoholic solution evaporated, a syrupy liquid is 
loft whicJi distils with partial decomposition at 2l8®-225®. It has the composition 
C“H’*0*, and appears to bo a polymerido formed from two molecules of isoallyl 

alcohol, (p. 47) arranged in a ring. The action of tho sodium on 

the epichlorhydrin first forms tho compound and on txeating this compound 
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with \vafcor, <ho sodium is ropliioccl by hydrogen, so that the final result may be 
reprosouted l>y the equation : 



cir- cH^ 

1 , I 

2CIII 4- nilOTI CHOIT 

I 1 

CIP Cil- 




lU-iso»llyI iilcoljol. 


AXi3LTXi ZiTBJSRS. hro ijiide, or CIl-“(^jr — CIT-IJr, is formed, 

(ogotherwil Ji dibronihydriii. by the act ion of pliospliorons lu-omide on sliglitly wanned 
syrupy glycerin (L. Henry, fY/c;//. f2 j ti. n75). It is also produced from 
rljf! ioiliile by I ho action of cupric bromide in alcoholic Sfdul ion, a proci]>lt. 'lie of cuprous 
iodide Ijeiug fonned at tJie .same time, and Immiinc sot freo : 

2CuBr- + 2C=*IPJ =-- 2CWllr + Cif^I- + Hr'-’. 

r.u’t of tlic libciMlcd broniino, however, unites with the allyl bromide, so that Urn 
laller i.s not, obtained pure (Op])enheini, Ih nL i'hau. Gv^. llvr. iii. 142). 

-.Allyl lu'oinido licjitod in a sealed tnlaj ;it 100° for a. few iiiiinitc.s witli highly con- 
ee.ntrateil Iiydrobromic acid is aliiio.st. wholly converted into amixiuro of two isomeric 
bdilies (■■'lL“llr-, separable by fractional distillation. Ono of l]»e,se is propylene 
( Tii'.'l hyl-el hylone) bromide C-H‘* — CllJlr — CJl-’Br, whicli, wlien trealKl ■with cxccs.s 
oi pdfash. yifhls oiil}’ allyleno ; the oIIut. which boils at a. higher temperature (100°- 

l(i:i^ at 710 mm., uncorroeted), i.s t rimethylcno ]»rom ide, (JU-Ur- CIT- OJI-Ilr, 

hicli willi aleoliolic potash forms all 3 d-ethyl oxide. With barium lij’drale this 
bromide yields t r i met Jiylcnc glycol Cil-OJl— Cir-— Cll-OH, a thiclc, .sweet- 
t .'i.nI ing licpiid, boil ing Ijctwomi 208° and 218": it is the aleoliol corresponding to ethylcne- 
l.ii iieand malonie acids (Cleromout, Ann. Ch.rharm. civiii. 3(>9). 

J)hillyl ti;t rahrornhh. C^TP^Tlr*, Iicnted with .solid eaiLstic potash, yields a product con- 
t. lining dihrowndiallyl, C“HMjr\ TJii.s, when healed with an alcoholic, jiotush solution, 
is coiivertf'd into dudlijlinv, an i.someridc of lanizcno. It is a very refract ivo 

lirjuid, boiling at about 8/i°. It burns with a luminous and sniohy flame, and com - 
1)1 nes cxplosivol}' with bromine. AVith an aqueous solution of silver nitrate, it 
gives a wljite, amorphous precipitate insoluble in ammonia and exploding when heated 
below 100° (Jlenr}’, Vent. Chrm. Gen. Bcr. v. 449). 

Allyl i i'U'hl oridc^ is very slowly acted on by chlorine. On dissolring 

iiidini'. in it. and pa.ssjng dry chlorine into the heated solution in sunshine, a small 
qnantily of white eiystals gradually' .*«<q)ar;ite.‘«, consi.sting of juTchloretliaiio, C-^CV*. 
'1 be action of chloriao on Iricldoralljd con.sist.s therefore in a destruction of the molc- 
< iile ((.Ippenheiin, Ihid. Chan. Gfs. Her. iv. 069). 

^ Allyl cyanide^ C‘ir’N=s CTIHIX. -Iliiine a. Tollons {Zcitackr. f. Chern. [2] vii, 
2i»l) prepare 1 his c»)mpound by heating alljd iodide with potassium cyanide to 110° 
for two days, washing the. product, again heating -svith pofussiiim cyanitle, and fraction- 
ating after treatment Mntli a low drops of nitric acid. It lias a not. disagreeable 
idliaceous odour, boils at 116°-118°, and is converted by aqueous or aleoliolic potash 
inro crolouic acid melling at 71°-72°. The alljd cyanide thus prepared is therefore 
i'lciiiiiiil that which Will and Kdrncr obtained by decomposition of myronicacid 
(bsif O'iij). 

A mixture of allyl chloride -with a solution of potassium eyunido in allyl alco- 
hol hiMlod to 100° in .'i sealed tube, ^deUKs a small quantity of tlio compound 
aiinlogous ti> the eth^d-compouiid C‘''HH1N.C-*H*0, which Oauticr 
obt.ihied {Bull. Soc. Chun. [2] ix. 2), together with propionitril, by heating a mix- 
tnri* of potassiiiiii ethyl- sulpha to and potassium cy^anide. This allyl-conipoiiiid boils 
at !).)°_960 - ii, ]ii,s an extremel)’^ pungent odour whni first prep;rred, but. after 
piii’iliciitirHi by repc-ated washing with dilute Jiyxlroehlorie acid and witli water, it 
snuAbs more like mustard. Heated ta 130° with hydrocliloric. acid, it yields u thick 
oil. togntlmr with .s.ql-aminoniac. 

A conipouml of allyl cj-anidc with ethyl alcohed^ C*H*CN. 30*11*0, is produced by 
digi siing a. mixture of .allyl iodide and alcohol with excess of potassium cyanide, 
ami Tii.'iy be .separated by fractional distillation. It is a liquid having an agreo- 
abb) odour like that of allyl eyunido; hoiks at 173°-174°. It is decomposed by 
‘bgc'stioii with ])otash, yielding erotoiiic acid, nninionia, and alcohol, but no othyl- 
aianie (lliniie, J)cnl. Chan. Get^, Bcr. A'i. 389). 

All yl-cthyl-oxide^ C‘'II*OC‘-lI*, agitated iim cooled vessel with cold dilute hypo- 
<hh.r.,iiH ;i. id, forms oxet liyl -elilorliydrin, or (C^lPYTlfOmCOCHI!*), a thick 
coioiicli ss liquid boiling at 183°-l8o° (Tlciiry, loc, clL), 

^hd Sny. JO 
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ALLTLENE. 


Allyl’-methyl oxide, C*H*OCH*, obtained by the action of sodium methylate on 
allyl bromide, is a liquid boiling at 40®. Its dibromido, CH^OC*Ii‘Br=, boils at 18<5®, 
and yields by distillation over solid (yiustie sckIs, mothil-monohromallyl oxide, boiling 
ut H5®-116®, together vith some mcthi/l-pi'opargyl oxide, CIPOC’H*. 

Allyl-pkenyl oxide, is produced by tho action of sodium phenylato 

upon allyl bromide. It is a colourless, strongly refracting liquid, boiling at 192®-195®, 
and having tho same density .-is ivater. It combines with bromine, but products con- 
tjiining brominated phenyl are formed at tho same tiino (Henry). 

liromallyl and Chlorallyl Alcohols and Ethers (Henry, Dent. CJicm* fifes. 
Ser, V. 186, 449). 

Monohromallyl acetate, is produced by tho action of dibromoglycide 

or epidibromliydrin, C"H 'Hr- (which may be regarded as bromallyl bromide, C"IPj3r.llr), 
upon potassium acetate. It is a mobile liquid, boiling at 163®-! 64®, and having a 

S leasant, refresliing odour ; it is not m:ted upon by tho cliloridcs of phosphorus, lly 
istillation with caustic soda it yields omnohroniaU-yl alcohol, CIP.CHr.ClP.OH, a 
mobile liquid boiling at 155°, and having also an agreeable odour. Hy the action of 
phosphorus pontachloride the alcohol is converted into mojfobromuliyl cJUorvle, 
(C*H^Br.)Cl, a heavy liquid boiling at 120®, and most probably identical with Reboul’s 
clilorhydvobromogly ci de. 

By heating tho alcohol with an alcoholic iiotasli-solution, a. distillate is obtained 
showing the reactions of tluj pi’opargyl-compouuds, and containing most probably 
prajHirgyl-alcohal, C-’H^OH, which, however, could not bo isolated. 

Dibnniioglycidc treated with silver nitrate, yields monohromallyl »??7ra^c,C 'H.*BrNO'*, 
a liquid having an agreeable odour and sweetish pungent taste ; CH'BrBr + AgNO* 
= AgBr + CH^Br.NO". 

By the action of potassium acetate upon dichloroglyciile, a mixture of several pro- 
ducts is obtained, among them being a small quantity of monochlorallyl acetatt? ; and 
when dichloroglycide is heated with x^tasshim sulphocyanato, pure nionochlorallyl 
sulphocyanato is produced. 

Monochlorallyl sul^hoeyanafe^ (C'‘'n'Cl)SCN, produced by the action of potassium 
sulphocyanato on dichloroglycide (chlorallyl chloride), is a colourless liquid boiling 
at 185°} and having a very pungent smell, like tliat of musfnrd-oii. It combiiirs 

quickly with ammonia, yielding monoclUorothiosinnamine, CS | CsjliCl 

less crystals, molting at 90°-91®. Monoliromallyl sulyhocyanate boils at 200° and 
yields a thiosinnamiiic melting at 110°-lll®. 

Mottobromallyl-ethyl oxide, C*IPBrOC=H*, is obtained by distilling ethyl-dibrom- 
hydrin, C*IPBr'‘'OC®H*, with caustic soda. It is a colourless liquid having a pleasant 
smell, and boiling at 130°-I3d®. It is easily transformed into prox)argylcthor, 
C®H*OC*H*, by heating it with an alcoholic potash-solution. 

MonochhrallyUtthyl oxide, C*H'C10C*H*, is formed by tlio action of alkalis niH)n 
ethyl-dichlorliydrin ; it boils at 120°. 

Tho formation of theso substituted allyl compounds is analogous to that of mono- 
chlorpropylcno from propylene dichloride. They contain, therefore, tho chlorine or 
bromino combined with tho middle carbon atom' of the allyl group. This is farther 
proved by tho fact, that by tho action of sulphuric acid upon pure cpidichlorhydriii, 
monochloracctono is formed, whilst, as Oppciihcim has shown, acetone is obtained by 
acting with sulphuric acid upon monochloro-propyleno. 

ASfXiTXim'a. C*H^. — On the constitution of this hydrocarbon, see Carstanjen, 
{J. pr, Chem. [2] iv. 410 ; C/tem, Soc, J, [2] x. 231). Allylene is converted into 
propionic acid by tho action of aqueous chromic acid, in tho same manner us acetylene 
into acetic acid (p. 4). The reaction appears, however, to take place by two stagoSf 
the allylene being first converted into allylone oxido, 0*11^0, and tliis, by addition of 
Jl*0, into propionic acid. 

Allylene oxide, which is also produced. by the action of chromic anhydride on 
isoallyl alcohol (prepared by treating allylene with sulphuric acid, &c.), is a mobilo 
nontral liquid, having a pungent odour and boiling at G2®-63®. It is extremely 
stable, not being acted on by. baryta-water at 160®, or when heated in a sealed tulie 
with syrupy potassium hydrate to 220® or oven to 300®. It reduces silver nitrate, 
ffydrobromides.—XWylono unites directly and rapidly in tho cold; with a c6d- 
contratod aqueous solution of hydrobromic acid employed in groat excess. With an 
acid marking 66® BnimiA and at 0®, tho process is complete in five or six hours. 7^0 
oily body obtained is dihydrobromide of allyUne, with a small quantity w 

the mdnohydrobromido. On rectification, a liquid is oljtained, having a density^ 
1*876 at lO®, and boiling at 114®-! 16®. This body is isomeric with propylflBn 
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broniido, but has a much loss fragrant odour, and appears to bo identical 

with Linnemann’a methyl bromacctol, or dmethyl-dihromomethaiie C(CH")'‘*Jlr'. Thu 
dihydrobromido, submitted to Iho action of alcoholic potash, loses one molecule of 
liydrobromic acid, and is reduced to nwnohydrohromidef C^H'.HBr, which has a density 
of r39 at 9°, and boils at 48®-49°. Allylene hydrobromide, though isomeric with 
bromopropylono, is quite a distinct hoily, having a lower boiling point, and being much 
more readily acted upon by a couconl rated solution of hydrobiomic acid (Reboul, 
Compt. rend, Ixxiv. G69). 

The monohydrobromido is also formed by the action of alcoholic potash on bromo- 
propylono hydriodido, C“n*Br.III. It unites with hydriodic acid, forming ollyUne 
hydrohromiodidf^ C^H^.HBr.HI, whicli boils at 147°-148°, and is identical with the 
hydriodido of bromopropylono. The combination of hydriodic acid witii allyleiio 
hydiobromide takes place, however, much more energetically than that of the same 
acid with bromopropyleno. Ibrobably the hydriodic ju'id in the latter case first trans- 
forms tlio bromopropylono into allylcno hydrobromide, and then unites with the latter. 
Allylone dihydrobromide,C“IP.2HBr, is identical witli bromopropylono hydrobromido, 
C'TPBr.HBr, both these bodies, when treated with potash, yielding allylene mono- 
hydrohromido (Reboul, Compt. rend, Ixxiv. 669, 944). 

Hydrochlorides , — Allylono also unites directly in tho cold with concentrated 
hydrochloric acid, but much less rapidly than with hydrohromic acid. Tho oily 
]iroduct is a mixture of mono- and di-hydrochlorido of allylono, in which the latter 
Ifirgely predominates. On rectification tho dihydrochlorido is found to boil at 69®- 
70^, and is probably identical with Rriedors mothylchloracctol, or dimthyl-dichloro- 
methane^ C(CH*)-Cr'' (Reboul). 

AUnnr, = (C'Ht{ocW (ToUons.lteirf. cfewi. Gcs. Bcr.xM), 

—Obtained from the syrupy liquid which remains after the rectification of crude allyl 
alcohol, prcpiired by di.stilling gij'ccrin with oxalic acid. It is a viscid liquid boiling 
at 225°-240°, soluble in water, partly decomposed by distillation, with formation of 
allyl alcohol. Bromine dropped into its aqueous solution unites with it, forming 
allylin dibromide, OTI'-O^Br*, which separates as an oil. 

Allylin is distinguished from glyccriii-cthor, (C*IP)*0*— likewise a by-product in 
the preporntion of allyl alcohol, and regarded by Linnemann and v. Zotta (Ann. Ch. 
Harm. Suppl. viii. 262) as identical with it— both by its composition and by its 
reactions, glyocrin-cther not being decomposed by distillation, and not combining 
aith bromine. 

A&LnWBRCintZC COM»OV»B8. Mercuric iodallyMe, CMPIIgl, is 
best obtained by shaking mercury with a mixture of equal vohunes of allyl iodide and 
alcohol. It ciystallisos Irom carbon bisulphide and acetone in wliito scales, which 
soon tnrn yellow. It is not acted upon cither by phosphorus tribromidc or by acetyl 
chlorido or bemsoyl chloride. On adding it to a solution of zinc-etbyl in etiicr, an 
oricrgotic reaction sets in, tho products being mercury, zinc iodide, mercuric ethidc, 
and diallyl : 

2C>H^IIgI + Zn(C»H*)* « Hg + Hg(C»H*)-’ + ZnP + (C»H»)*. 

A solution of potassium cyanide acts on mercuric iodallylide quickly in tho cold, 
according to tho equation : 

2C>H*HgI + 2KCN=x Hg + 2X1 + Hg(CN)* + (C»H*)» 

Besides these products, two mercury-allyl compounds are probably formed, one of 
which is liquid, and explodes when tho distillation of the diallyl is not stopped in 
time. 

The mercury compounds of allyl attack the skin, but tho action becomes perceptible 
J'fter 6-8 hours, when painful blisters appear (Oppeuheim, Dent Chem. Ges. Ber. 

, Mercuric iodallylide heated to 100® in a sealed tube with aqueous iW/dc, 

yields metallic mercury, potassio- mercuric iodide, and diallyl : 

2C>H*HgI + 2KI = Hg + 2KI.HgI* + 

^hen a mixturo'of mercuric iodallylide and allyliodide is l^ated with iron iurmngs to 
100 for thi-ee days, the greater pai’t of tho merciirio iodallylido remains unaltered, 
mid only a small quantity of a substance smelling like diallyl is ppoducwl. If . the 
is heated for a day with granulated zinc, a gas is formed which buras 
With a bright flame. When moist silver oxide ie added to mercuric iodallylulo under 
al^hol, and the mixture is shaken, silver iodide is formed^ together with an alkaline 
solution (doubtless containing the base C*H*H^H), which, when evaporated over 

B 2 
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sulphuric acid, yields ci^stals soluble in water, together with u largo quantity of oil ; 
but the reaction is slow and ineoniplotc;. The alkiiliuo solution neutralised with acids 
yields crystalline suits. The cM^mde (J^iPKgCl is sparingly soluble and is precipi- 
tated on adding hydrochloric acid to the alkaline solution (Krasowsky, ZeteAr./. 
CAc»i. vi. 527). 

AUT&-PBBirO&. Sec Phuxol. 


AXBn-PBBmnb-rO&MZC acid. See PORMIC Acid. 

AUT2;*BU&PBOBZC ACZB, Whoii neutral potassium sul- 

phite, dissolved in a small quantity of water, is boiled with its own weight of allyl 
iodide till the latter disappears, the liquid, on evaponition on the watcr-batli, leaves 
a crystalline residue ; and on exhausting with boiling alcohol and cooling, a white 
salt is obtained, which, after washing w'itli alcohol, has the composition of a mixture 
of potassium iodide and .'dlyl-sulphitc, GKI.7K(C^ll*)SO^ On addition of ether to 
the alcoholic mother-liquors, a salt of similar appearance is precipitated, which has 
the composition 2IiI.3K(C*lI*)SO“. On addition of lead acetate to the aqueous solu- 
tion of these salts, lead ioilide is precipitated; the llltrato decomposed by hydrogen 
sulphide, evaporated, cxtiiicted with alcohol, and })rccipitated with ether, yields u salt 
not. quite free from iodine ; but a pure salt having the composition K(C‘‘H*)SO* is 
obtained by decomposing the double iodised cimipound with warm sulphuric acid, 
evaporation of most of the excess of acid„extraction with alcohol after neutralisation 
with potassium carboiial.c, and precipitation with ether ; the product thus obtained 
is white, indistinctly crystalline, and roa<lily solul)le in Avater. 

liarium allyUulplumaie is a hygroscopic white mass, soluble in Avater and alcohol, 
hub not ill other ; the lead ^alt crystallises from alcohol in golden crystalline plates 
(A. V. Bad. Ann. Ch. Phami. cUi. 218;. 

ABBTS^mtlSTBABSS* iSec Sulpkocartionic Kthicus. 

A&088* The two varieties of this drug — namely, Bfirbiulocs aloes, or Ijivor aloes, 
Ahiii hepaticaf and Cape or Natal aloes, Akte Itivida Siv}yp?» 99), contain different 
crystalline principles, which may bo disfingnished as barbaioiu and natalom. 

Bar1ialo«ii« which is the Aairioty discoA'cred by T. and H. Smith, and 

examined some years ago by Stenhouso (i. 148), may bo preixircd by dissolving Bur* 
badoes aloes in boiling water slightly acidulat(^ with hydrochloric acid, and evapo- 
rating tho filtered liquid to a syrupy consistence ; in a few days a Icmoii-yollow mass 
of barbaloin results, AA'hicli may bo purified by draining, pressure and rocrystallisation. 
By the action of cold fuming nitric acid it is converted into a mixture of aloctic, 
chr}'sammic, oxalic and picric acids, tho tw’o former of which are but very slightly 
soluble in cold water. By prolonged boiling with nitric acid, the .aloetic acid is finally 
converted into chiysnnuiiic acid, wliich may, in tact, be more eouroniently pre^Kircd in 
this manner from aloin than from cnidc aloes (Tildun, Pharm. J, Trans. |3] ii. 845; 
Chem. Soc. J. [2] x. 488). Barbaloin fused Avith caustic potash, yields, in addition 
to orcin and piroxybeiizoic acid 10), a small quantity of alorcinic acid 

(fft/ra). 

CUc^aloint C”H“CB0^ analogous to tho bromaloin discovered by Stenhouso, is 
obtained by gradually adding aloin dissolved in hydrochloric acid to a mixture of 
potassium chlorate and fuming hydrochloric acid. After each addition of the aloin, 
a red coloration is produced, which, however, quickly disappears, the solution assum- 
ing a clear orange colour, and depositing in a few minutes a copious crop of yellow 
granules, the quantity of which increases by standing for a few hours, It may then 
be filtered off, washed with a little water, and cj^taUised from warm rectified spirit. 
The tufts of bright yellow prisms which separate in a few hours arc collected and dried 
by exposure to dry air. They bear, without change of colour or general appearance, a 
temperature of 120°, and even much higher. They give, by analysis, numbers agree- 
ing nearly with the ^rmula C'*H^*Cl®0'.3H-0, tho proportion of chlorine being, how- 
ever, a little too high, probably owing to the presence > of a small quantity of a more 

ChLraloi'n is more soluble in water than bromaloin, and more stable than tho 
original aloin. Thus, although ^‘ory soluble in aqueous ammonia, it cxystEdlises out 
but little altered when the ammonia is evaporated, and it may be dissolved in ordi- 
nary nitric acid (sp. gr. 1. 37) without cliange of colour. Boiled with nitric acid.aiid 
silver nitrate, it yields oxalic and picric acids only, without a trace of aloetic or 
sammie acid. In most of the reactions of aloin and of its chloro- and hromo-deriji* 
tives, there is a marked resemblance to those of the orcins (TUdeo, Chem, Soc* cA p] 
xao4). 
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irataloSn* C*^H”0** [ = 2C*"H'®0’ + H*0]. — Xatal aloes, znoiatcnod with spirit 
and examined by the microscope, exhibits crystiilsr of a compound whicli is but slightly 
soluble in alcohol, so that, on treating tho aloes with its own weight of that solvent 
at 49*’, the crystalline principle, iiataloi'ii, is roadily obtained in a crude state. 
^Vhen purified by crystallisation from hot spirit^ it forms thin, bright yellow scales, 
siKiringly soluble in water, benzol, carbon disulphide, chloroform, and other. It con- 
tains no water of cr^'-stallisation, molts between 212° and 222°, dissolves in concen- 
trated sulphuric acid, and the addition of a crystal of potassium nitrate to this solu- 
tion produces a characteristic bright green coloration, rapidly passing through red to 
blue. Heated with nitric acid it is diusomposKl, yielding oxalic acid witliout a trace 
of j)icric or chrysammic acid (Fliickiger, Arch. Vharm, [2] cxlix. 11). According to 
Tildeii, on the contrary (^Chern. Soc. J. [2] x. 163) it yields picric ns well as oxalic 
acid. Tho non-i)rodiiction of chrysainniic acid shows, however, that this kind of alojii 
(lifiors essentially from barbaloiii. 

Another modification of nloi'n is obtained from crude Zanzibar aloes by slight 
watshiiig with dilute spirit. When purified by crystallisation from spirit, it forms tufis 
of iieitdlos. It is much more soluhlo than nataloi'n, and contains water of crystallisa- 
tion, + t5H-0, which it loses when dried over sulphuric acid, leaving aiiliy- 

tlrous Zanzibar aloiii, isomeric with initaloin. It does not appear to form 

a substitutioii-prodiict with bromine ; neither does it give with nitric acid tho deep 
jvd colour exhibited by burbaloin (Fliickiger, loc. <?//.). 

Ugn Aloes, Oil of. See Oils, Volatij.k. 


A&OBB-Kim. On tho detection of this colour, seo Colourino Matters. 

AXiOXCZWZG ACZB. C”JI‘®0* (Wcselsky, Bent. Chein. Ges. Her. v. 168; Ann. 
Ch Pharm. clxvii. C«'j). — This acid, isomeric with melilotic, hydroparacoiimaric, jilic- 
nyl-lactic, xylelic, oxymcsitylcnic, phloretic, and tropic acids, is obtained, in compara- 
1 iv<dy small (puintity, together with orein and paraoxybenzoic acid, by the action of 
melting potash upon aloes, and separates in cr^’-stalJino masses from the mother- 
liquors of tho paraoxybenzoic acid. It dissolves with difficulty in cold water, but 
readily in boiling water, in alcohol, and in other, and crystallises from the boiling 
a(|ueuus solution on cooling, in bulky concentric groups of long needles. It has a 
sour, somewhat astringent taste. The air-dried acid molts at 97®; that which has been 
dried over sulphuric acid molts at 116°. By distillation it yields an oil which soon 
solidifies to a erystullino mass of tho anhydride which melts nt 138°, sub- 

liinc.s when heated between two watch-glasses, in light-shining laminse resembling 
benzoic acid, dissolves slowly in ^vate^, and is gradually reconverted into the acid— 
much more quickly, however, in a solution of alkaline carbonate. 

The aqueous solution of alorcinic jicid is not coloured by ferric chloride, but, if 
rcndcrod alkaline, it acquires a charsicteristic chorry-red colour on exposure to the 
air. With lo'pochloritcs tho aqueous acid produces a splendid purple-red colour, 
which, however, is destroyed by excess of hypochlorite. A neutralised solution of 
the acid reduces silver nitrate on gontie heating, and separates cuprous oxide on 
heating from a solution of potass io-cupric tartrate. Tho acid in dilute solution is 
not precipitated by ncmtrul load acetate, but with tho basic acetate it forms a white 
precipitate which gradually turns rod. 

Alorcinic acid easily decomposes metallic carbonates. Its barium saU^ Ba(C®H‘’0*)® 
h-GIT=‘ 0, crystallises in groups of small needles, moderately soluble in water, 
suliiblo also in alchohol, insoluble in ether; at 100° it becomes rose-coloured and 
begins to decompose. Tho calcium salt, Ca(C*H'-*0")*, is more soluble than tho barium 
salt, and crystallises in anhydrous needles. The Cu(C®H®0“) + 4H*0, i.s 

obtained by decomposing the barium salt with cupric sulphate. The green filtrate, 
if concentrated and stirred, deposits the salt in emerald-green crystals, but if left at 
rest it is apt to dry up to a green varnish. Tho crystals are nearly insoluble in 
w.iter, but dissolve witli moderate facility in ether-alcohol. Tho alorci nates of tho 
alkjili-mctuls are difficult to purify, on account of the sensibility of tho acid to tho 
notion of oxygen in presence of strong bases, 

Alorcinic acid is resolved by fusion with potash into acetic acid and orcin : 

+ IPO « C»H*0* + C'H'O*. 


ITence it is nearly related to oYeminic acid, CWEI*®0*, which likewise yields orcin 
vlioii fusc<i with potash : 


c®n* 


1 


OH 

CH® 

CH« 

COOH 


. Aloroinlo odd. 


C®H* 


OH 
OCH® 
CH® 
ICOOH 
B^ttninlb odd. 
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It: is probablo also that alorcinic acid is one of thu first products of tho decompo- 
sition of aloes by potash, and that the orcin thereby obtained results from tho further 
decomposition of wis acid. 

Aceiyl-aloroinic acidt C"II*-0^ = C®H*(C®H*0)0*, is produced by tho action of acetyl 
chlorido on alorcinic aidd, the oc^tion commencing in tho cold, .and being completed, 
W'ith strung evolution of hydrochloric acid, on application of lioat. Alter the excess 
of acetyl chloride has been expelled by heating over the water-bath, there remains a 
ihickish residue, which soon solidifies in tho crystalline state, is nearly iiisuluble in 
boiling water, but nmy easily bo recrystallised from dilute alcohol. 

Acotyl-.alorcinic m*id crystallises in colourless needles cosily soluble in ether. It 
begins to melt at 125°, but decomposes partially at the same time. By dislillutioii it 
is rcsulved into acetic acid and alorcinic anhydride. 

AliUMlNlTlS. This mineral occurs in many localities near llallc, in white, or 
more rarely yellowish, crysballine nodules of various sliapo and size (up to that of 
tho fist), also in strings and plati^s attached togolher, between strata and in clefts of 
the so-called Magdeburg sand. Whero this carbonaceous and somcAvliat pyriteferous 
sand comes to the surface, and therefore in contact with tlm air, there is formed, hy 
tlie mutual action of tho atmospheric gases, tho finely divided iron pyritt*s, and tho 
fine particles of lignite and clay (kaolin ptaiticles and mica), a hydrated basic nlumi- 
niiim sulphate, nairndy n him i nite. In thesu sands, which may be called ‘ alum i - 
nito sands,’ the aluminito occurs so abundantly, where tho conditions are favourablo 
to its formation, th.at its nodules almost displace tho sand (Laspeyres, Jakrhuch /. 
Miiwralogie^ 1S72, 951.) 

AXtinnXM'lVM. Tho reactions of this metal witli certain metallic solutions have 
been examined by A. Cossa {11 nmvo Cimeuto [2] iii. 75, 228 ; Zeifschr. /. Chm. 
[2] vi. 380, 443). 

Copper salts. — A solution of cupric nitrate or sulphate is not acted on by nluminium 
at first, but in about two days, slowly growing crystals are deposited on the plate*, 
consisting partly of dendrites, but mostly of well-defined octohodroiis. Broni the 
solution of tho nitrate there separates, besides metallic copper, a basb salt in the form 
of a green insoluble powder. Brom cupric chloride tho copper i.s immediately precipi- 
tated, and likewise from tho acetate, though the deposition goes on more slowly. Tliu 
reduction also takes place immediately when a small quantity of a very dilute solution of 
an alkaline chloride is added to tho sulphate or nitrate, .and if a suificiout quantity of 
aluminium is present the precipitation is complete. 

iMid salts. — ^From solutions of the nitrate or acetate aluminium slowly precipitates 
tlic lead in crystals, and immediately from a solutiou of tho chloride. An alkaline 
solution of lead chromate is iinmodiately decomposed by aluminium, with formation of 
metallic lead and cliromic oxide. 

Mercury salts. — From solutions of mercuric chloride, cyanide or nitnito, aluminium 
first tlirows down metallic mercury, which then unites witli tho aluminium, forming 
an amalgam, which decomposes water at ordinary temperatures, and oxidises in the 
air with great rise of temperature. 

From an alcoholic solution of mercuric chloride the precipitation of tho mercury is 
much quicker than from an aqueous solution, and is attended with considerable rise of 
temperature. Mercury is also tlirown down by aluminium from a solution of mer- 
curic iodide in potassium iodide. Aluminium foil acts very strongly on vapour of 
mercuric chloride, mercury being sot free and .aluminium deposited on the colder parts 
of tho tube : the reaction is attended with so much heat that the excess of aluminium 
melts into globules. 

Silver salts. — From slightljr acid or from neutral solutions of silver nitrate, nlumi- 
nium throws down tho silver in tho form of dendrites. Whother the solution bo con- 
centrated or dilute, tho precipitation of tlie silver docs not begin till about six hours 
after tho immersion of tho aluihinium. From an ammoniacal solution of silver 
chlorido tho silver is immediately precipitated as a crystalline powder ; aluminium 
also throws down the silver from an ammoniacal solution of silver chromate. 

Whon alumiuium is brought in contact with fused silver chloride, great heat is 
evolvod, and silver is separated in melted globules. 

Thallium salts. — A plate of aluminium immersed in a slightly acid solution of 
thallium sulphate, bocomes coated in ten days with regular octohedrous of thallium 
alum. From a solution of thallium chloride at 90°, motallic Uiallium is prccipitatedr 

Zinc salts, — From an alkaline zinc-solution, aluminium easily separates the metall 

Aluminium Amalgam may be formed either by bringing aluminium in contact 
withmerciiiy.oontaitiiDg a small quantity of sodium (iii. 886), ot by Joule’s method of 
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eluctrolyeingtlie solution of nii aluminium salt, TritJi momiry for tlio negative pole(C/<c9a. 
Gac. 1850, 339); hut llio bc.st method is to liout tlio two metals together in a gas 
wliicli docs not net on either of them. A piece of aluminium foil is placed nt the 
bottom of a thick-w.illod test-tube, and well-dried mercury is poured upon it> the tubo 
having been previously drawn out in the middle to prevent tho aluminium from rising 
to the surface of tho mercury. The air is then expelled from tho tubo by a stream of 
dry carbonic anhydride, and the tubo is Jieated without interrupting tho current of 
gfls, till the aluminium is completely dissolved. 

Aliiniinium-amalgam decomposes in contact with air or with water more quickly 
than sodium-amalgam. When a few drops of an amalgam containing but a small 
proportion of aluminium are left in contact with moist air, gelatinous opalescent ex- 
4 rescencos of pure aluminium hydrate are seoji to form on their surface, exhibiting, 
IjoIIi ill their form and mode of growth, considerable resi-mblanco to the so-calletl 
TJiaraoli’s serpents. The aiuminium hydrate thus obtained is perfect ly soluble in 
alkalis and acids. When, on tho other liand, the amalgam containing a small jiro- 
porlioii of aluminium is brought in contact with a largo quantity of water, traiis- 
pirent iridescent laminae, also having a crystalline aspect and consisting of tho 
iij’di’ato APH“0*, form in tho course of two days. These laminae give up all their 
water v/heii heated, retaining their crystalline aspect, but becoming much less easily 
soluble ill alkalis and acids (Cossa, loc. cit.). 

On compounds of Aluminium with Zirconium, see Zirconiuai. 

An impure chhmdo of nluininium, containing calcium and sodium salts, and known 
coiiiinercially as * cblor-ulum,’ is now much used ns a di.sinfectLint. 

A&UMS. See Scij^hates. 

AUXARZC ACZD. orC^-H‘‘®0MI-0. — ^An acid formed, together with 

deoxyhenzoin, wljcn benzamaroue is heateil for a long time with alcoholic potash, 
unaltered htnizamarono being first deposited ; then, on addition of water, dooxybeimnn ; 
and finally after evaporation, potassium ainurate, in tlio form of an oil which solditics 
on cooling in whito scales insoluble in the cxc*.ess of potasli. Erom the solution of 
this salt amaric acid is thrown down hy all acids, ovon acetic, in the form of a 
white, curdy, crystalliiio precipitate, insoluble in cold water, but soluble in 

boiling alcohol, ether and acetic acid. It loses 1 mol. water at 125*^, and molts at 
H0°, losing a further 1.1 niol.xif w'ater, and then solidifies in tho crystalline form. 
After being once lioatcdlo 140® it melts nt 156°, is no longer soluble in 15 parts of 90 
percent, alcohol, dissolves in ammonia at 110°-120°, also in potash-solution, formiug 
potassium aiiuiratu. Potassium amaratc^ + 2H-0, separates from boil- 

ing ether, either in lamcihe, or as au oil gradually solidifying in warty groups. Tho 
hunum^ IcacU and silver salts arc curdy, loose, amorphous precipitates, wdiich ^ndually 
hecoino heavy and crystalline. Tho silver salt, C*’“H**Ag*0“, is white and almfist 
insoluble in water and alcohol. The barium salt crystallises well from alcohol, AU 
the salts are bitter (Zinin, Zeiti^hr.f. Chem, [2] vii. 538). 

AnSBK'Z'OOirZTB. Sec Phosphates of ALUMixxujir. 

AMBBTSTECIZTB. A rhombic mineral from a spheroidal mass, found 

near Lake Ijaach. It hasjhe axial ratio 0'971 •' 1 : 0'570, and exhibits the faces, 
P, 2l*2, 1*2, ooP, ooP2, ^Poo , aoPcc , oopoo . Cleav.age not determined ; frac- 
ture conclioidur; lustre adamantine vitreous; colour brown to reddish brown stieak 
grey, inclining to green ; hardness nearly equal to that of quartz ; not docoraposiblo 
by liydrochloric acid ; difficult to fuse before the blowpipe. The powder, freed by 
the magnet from intimately admixed magnetic iron ore, lias a sp. gr. of 3-454 nt 20^-°. 
The mineral is also accompanied by oligoclase and mica, loss frequently with iron- 
glance and augitc. Its analysis leads to tho formula 16KSiO^APO* [where 
B = IMg + iFe], which is that of an aluminous augite : 

BiO“ AlHP 3IgO CaO FeO 

Found 49*8 5*05 17*7 0*15 25*6 « 98*30 

Calculated 48*09 5*25 10*35 20*41 - 100 

(Gl. Tom Bath, Pogg. Ann,^jaaaiviii, 520^. V, von Lang, on the other Land (ibid. 

cxxxix. 310), regams tho mineral os identical with hyporsthene. 

ABZSBOSZVZL A resin from Charleston, South Carolina. It is yellowi^-brown 
externally, clove-brown internally ; semi-transmrent. Molts at 238°, giving off 
i^uccinic acid and a yellow oil. Burns with a yeUowisli-white light, with a fragrant 
odour, and without leaving any ash (C. U. Shepard, SUL Am. J. [2] i. 273). 

AZSBTHBBrZC AGZID. C^JEn^O^—An oily acid, isomeric with omanthylie 
acid, obtained, togctlicr with carbonic and acetic acids, and a neutral oil, by the 
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oxidising action of a mixture <if ]iotasBiuin dichromato niicl dilute sulphuric acid on 
diamyleiic. It. ina)' be separated from tlie neutral oil by solution in cnqstic soda, and 
precipitation -willi a miiicml acid. It is pirtiully decomposed by distillatiaii, and 
tlieruforu does not exhibit a coiistint boiling point, but volatilises Avitli steam 'without 
decomposition. 

Amethenic acid differs from (enaniliylic acid by exhibiting only very feeble acid 
]kroperties, its salts being decomposed even by carijunic acid. The potassium, ammo 
niiiin, calcinin, and magnesium salts aro cry.stiillino and readily soluble in water; the 
sodium, barium, strontium, and eopjier salts are amorphous gum-like masses ; silso very 
soluble ; tlio mercury, cadmium, zinc, lead and silver salts are white amorphou.s pre- 
eipib'ites. 

lly subjecting this acid to the further action of cliromic acid solution, it is com- 
pletely oxidised to carbonic and actlic acids, together with a small quantity of fH. 
crystalliiio acid different fi*om succinic acid. Wlum amethenic acid is boiled for 
ficveral days "with concentrated nitric acid, nitrous fume.s are evolved, and it is con- 
verted into a reddish-yelloAV oil, which appears to be a nitro-product. On heating 
ninctbenic acid witli phosphor\is ptmtachloridc, liyilrochloric acid is evolved, and a 
colourlc?ss, very unstable, oily chloride is formed, which soon turns brown, and evolves 
hydrochloric acid (W. v. Sclinoidcr, Ann. Ch, Pkm'm. clvii. 185). 

AMZDOBZClTAinC ACZB. See Cyakic Acid. 

AllfZlZlSBa DiagnoMa of Vrimarg^ Secomlarg, and Tertmt'g Amines (Tlofm.'inn, 
Jhnf. Chrm. Gcs.Jjir. iii. 7G'2).— Primary aminos are alone capiablo of yielding isocya- 
nides when 1 reated with chloroform and ]>otasli*ley (1«^ Snjtpl, 5‘28). This reaction being 
cxlreniely delicate, and the odour of the isoc^’anides being quite unmistakable, though it 
varic.s to soim^ extent, with dittereiit. mdich^s, the presence of a primary amine may bo 
easily distinguislu‘d. It is only necessary to dissolve a few centigrams of the base in 
alcohol, and mix the solution with alcoliolic iKjtasli or soda in a test-tube, and having 
added a few drops of cliloroform, to warm gently. If a primary amino is present, a 
violent reaction occurs, and vapours of isocyanide, recognisable by their simultaneous 
effect upon the nose and the tongue, are at onco evolved. If in this experiment the 
characteristic ovlnur of an isocyanido is not perceived, the questiou remains whether 
the base under examination is a secondary or tertiary amine. In this case advantiigo 
imvy bo taken of (ho formation of isosulphocyanates. Poth primar?/ and secondary 
amines, when treated with alcoholic carbon bisulphide, yield isosulphocyanates analo- 
gous to mustard-oU, the peculiar odour of which is easily rocogni.sablo. The experi- 
ment is made by dissolving a few centigrams of the base in alcohol, niixlng the solu- 
tion with about an equal volume of carbon bisulphide, and evaporating a part of the 
alcohol. The residual liquid is then heated with an alcoholic solution of morcuric 
chloride. If a primary or secondary amino is present, Ukj irritating odour of the iso- 
sulphocyannto is at onco perceived. This reaction, how’ever, is not quite general. 
The first reaction described above is common to all primary aminos, whether belong- 
ing to the fatty or to the aromatic series ; but in the case of the secondary bases, the 
formation of sulphocyaiiatcs takess place only with uininos of the fatty scries, or with 
mixed aminos. To distinguish between secondary and tert iary aromatic aminos, which 
do not yield sulphocyauatc, recourse must be had to the inothod of treatmonb with 
alcoholic iodides ; .this, however, is very troublesome, inasmuch ns considerable quan- 
tities of substance must be used, mixed products are frequently obtained, and a 
weight-analysis must be made after purification ; a further disadvantage is, that the 
whole operation must be repeated for omrli hydrogon-atoiu. 

The follo'U'ing mode of discrimination, depending on the reaction of amines with 
aldehydes^ is given by Schifi' {Afin. Ch, Pkarm. clix. 3 58) 

. The reaction of aldehydes on primary and secondary aminos may be expressed by 
the following general equations, in which R denotes a monatomic alcohol-radiclo 

B.NIP + C"H"0 - n=0 + 

R'.Nn + C"H"'0 - H»0 + 

These reactions in many instances occur at the ordinary temperature, or at tompora- 
turos but little elevated, so perfectly that the water actually separated difiSu's 
from the theoretical amount by only an inappreciable quantity. The aldehyde most 
convenient for quantitative estimation based on this principle, an account of its easy 
purification, high molecular weight, slight vohitility, and comparative unalterabilityi 
is ananthio aldehyde. A recent estimation of its specifie gravity gives the number 
0*8257 at 18®, wneiico its molecular volume is calculated as 130. 

139 vols. of cenanthic aldehyde represent, according to the above equations^ fiw 
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nfoms of hyclrogcn in tho form of water, or 0*7 c.c. ropi-oflonts 0*0 1 ^rani of liydp»»- 
goii : hcncb if Uie moloculiir weight of n base (or a miilfiplo (licreof) in centigrams be 
wcighofl out, every 0‘7 c.c. of cciianthuJ employed for perfect action will roprosoiit ovc 
atom of typical hydrogen ; or if 6S)‘o c.c. of mnnntliol aro dissolved in bonzeno to 100 c.c. 
tlieii each c.c. of tho inixtiu'o used will ropit?sont one centigram of tyjiical hydi'ogoii. 

TJic mode of analysis is as follows: 2 to 4 grams of tho baso tiro weighed in a 
smuli test-tube, and dissolyod in 2 to 3 times their bulk of bonzeno ; a few grams of 
fused calcium chloride in lumps the size of peas aro added, and lastly tho mnanthol 
solution is dropped in fi-oni a burette diviilod into c.c. ; each drop produces a thick 
turbidity frmn .separation of water, which is readily taken up by the calcium chloride 
on goiitlu agitation ; as soon ns no more turbidity is ])rodiicod, tho titration is finished. 

Jly this moans satisfactory results have boon oblaincd in tho titration of nmyl- 
nmiiio, diamyhimino, aniline, toluidine. cMiylamiuc, iia[>hthylaniine, and toluylene- 
diamine. For example, with tmiline boiling constantly at 186® to 186®, but contain'- 
ing a small quantity of toluidine, 

2*312 grams roquiml 3*4 c.c. oenanthol : calculated 3*4.5 c.c. 

2-240 „ 3*25 „ 3*34 „ 

« 

lleneo 1 moloculo = 93 grams represents 1*95 grams of typical hydrogen, instead of 2 
as required by theory. 

Tho same reaction may be employed in tho approximate analysis of mixtures of 
bas(!s; by this means it i.s shown that distillation alone will not suifico for the 
si'pnration of dielliylanilino and ethylanilinc, several per cent, of tho latter baso being 
11 ‘tained; this may, however, he scparatotl by addition of oenanthol, as the hcpteiu - 
iliethyl-diphenylamino produced dot?.s not volatilise at tlio boiling point of dictliyl- 
Miiilino; similarly ethyl-anil inc, though of constant boiling point, alw.nys retains a 
Jit lie diothylnniline. 

Jt is necessary that/v/*'c^ calcium chloriilo bo used, tho ordinary spongy substance 
absorbing some of tho base, and preventing tho complete action of the oenanthol ; iti.s 
best not to add the calcium chloride at first, but to begin by adding a little cnnanthol, 
which sets free some w'siter ; the culcinm chloride is then drop[H!d in, and becomes 
covered w'ith au agueows layer, after which the operation proceeds readily ; if tho calcium 
cliloridc be directly added to tho dry benzene solution, its surface becomes moistened 
by tlio benzene, and the absorption of water proceeds much less quickly. A certain 
amount of turbi<lily is always produced ou adding ocnauthol to benzene, even though 
the latter nlromly cuntaius eenanthol ; this uppearaneo is in practice dhstinguislinblo 
from tho turbidity caused by the evolution of w'uter. 

Tho beliaviour of triarniiies with cenanthol has been studied only in the case of 
rosaniline (see Sujtpl. p. 908). 

S(/n1hesis of Aromatic Mmiamines hy Iniramolccidar Atomic Intercttange (A. W. 
ITofrnann, Proc. Hoy, Soc. xxi. 47 ; Devi, Chetn. Ges. Bcr. v. 704). — When trimethyl- 
plieiiyl-ammoniuni iodide, C''H*..N(CH")*I (prepared from pure dimethylanilino and 
metliyl iodide), is heated in u sealed tube to 200®, no change takes place, but if it be 
heated for a day to 200®-230° or higher, changes ensue represented by the following 
equations : — 

(>»n».N(CIP)»I = C«H^(CH*) . N(CH»)* . Ill 

=1 C«H»(CH»)2 . N(CH“)H . HI 

= C«H»(CH»)* . HHH . HI 

that is to say, there is formed : first, the hydriodide of the tertiary base, di methylated 
mothylanilino or dimethyl-toluidino ; then the hydriodide of tho secondary^ baso, 
moiioinethylated dimothylauiligo or methyl-xylidine ; and, finally, the hydriodide of 
the primary base, trimethyl-auilino or cumidine. . The essential character of tho 
reaction is thoreforo an intramolecular change in tho position of the methyl groups. 
According to the duration of the process there aro incorporated in tho benzene-nucleus : 
first, the metliyl group of the alcoholic iodide, and then successively the two methyl 
groups situated in the ammonia residue or lateral chain. Thus the action of heat on 
the quaternary ammonium compound afibrds the means of rising from the benaeno 
scries to the toluene, xylene, and cumene series, or generally (for tho reaction may 
probably bo utilised in many other cases) of passing from a less carbonated to a more 
carbonated series of compounds. 

1. The products formed at 220®-230® yielded when decomposed by alkalis an oily 
niixtuPG of bases boiling between 200® and 280®. Tho lowest boiling fraction finally 
•obtained boiled at 186®, gave a platinochloHde agreeing in composition with that ^ 
dimethyl-toluidine, and when treated with methyl iodide produced a quatemnxy iodide 
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having the composition C*H*(CII)*.N(CH‘*)*I, which is that of the iodide of trl- 
mctliyl-tolylaramoriium. 

2. The higher-boiling portions woro not eoinpletoly soparsiblo by fractional 
distillation. Port ions collected at the temporatiires 2UO'^-203-^, 203°-208®, 208°-212 ’, 
212®-220'', wore tj^eatud with rtiothyl iodide, whereby orystalliiin solid products were 
obtained, which all had the composition of trinietliyltolylnmmonium iodide, 
and yielded the corresponding platinum salt. These itKlidcs Avero mixed together, 
decom^>osed by silver hydrate, and the resulting hydrates decomposed by distillation. A 
tertiary base was tlius produced, boiling constiintly at 205®, and having tlio same 
composition as the dimcthyl-tnluidine boiling at 186®. Ucnce iwo isomeric dimeth^l- 
ised toluidines arefornud by the action of heat on trimetht/lphcnylammonium iodide. 

To decide Avlietlier eitlier of these corresponds with the dimethylised toluidine ob- 
tained by metbylisiiig solid toluidine, some of this latter was prepared from pure solid 
toluidine by the action of methyl iodide, and w’as found to boil nt 207®-203''. This 
was coiivertLMl into trimethyltolylammonium iodide, which was decomposed by silver 
hyiirato and distillat ion, furnishing a pure dimethyl-toluidino boiling constantly at 210®. 
Tliis base resembled in smell the former one boiling at 205®, but difiored from the one 
boiling at 186®. It is thus nob improbable that three dinicsthyl-toluidincB have lj«en 
obtained ; but until tins dimethylised bases corresponding with the other two toluidines 
have been invcstigiited, it cannot bo said with certainty that the bases boiling at 205° 
and 210® are really istmierie. All three dimethylised toluidines remained liquid Avhea 
cooled to — 10°. 

The above-mentioned fractions between 203° and 220° yielded, on treatment witli 
methyl iodido in excess, not only the crystalline trimctbyltolylammonium iodide, but 
also a sniiiU quantity of a base which only combined with methyl iodide with great 
difficulty. This base boiled at 196°, and gaA’o numbers agreeing with the formula of 
C“}P(CIPy'' 1 

d i ra e t h y 1 - X y 1 i d i II 0, OH* J> N. At 1 00® it did not combine at nil with met by 1 

CIP J 

iodide, but at 1 50® a small portion became converted into a quaternary iodide, which 
furnished the platinum salt of trimothyl-xylylammonium. 

The formation of dimothylated toluidines and monomethyl-xylidincs is duo to intra- 
molecular atomic interchange, thus : 

C*IP.N(CIP)*I « C»IP(CIP) . N(CIl»)3 . HL 
Triuietliylphcnylainmonium Dimetliyl-toluldino hydrlodido. 
iodide. 

-= C«H»(CH»)» . N(CH*)H . HI. 

Honometbyl-xylidlnc Uydrlodldc. 

The formation of dimothyl-xylidino is duo to a secondary reaction, two molocule.s 
of ti'imethylphonylammonium imlide splitting up into the liydriodides of dimethyl- 
xylidiiio and monomethyl toluidine: 

21 C«H\N(CH*)*1] - C«IP(CH»)= . N(CIP)2 . HI. 

+ OTPCCH*) . N(CIP)H . HI. 

For comparison, dimcthyl-xylidino was prepared by the action of meHiyl iodide on 
xylidine from commercial aniline oil. This xylidine, boiled at 216®, and the dimethyl- 
xyljdiiie obtained from it at 203°, or 7® higher than that from trimothylphcnyl- 
ammonium iodide ; it readily united with methyl iodido to form a quaternary iodide. 

3. When tho isomeric transformation of trimctbylphonylammonium iodido wus 
effected at a temperature of about 335® (melting point of lend), a further action was 
noticed, and also tho production of several bye-products by secondary reactions. On 
distilling with water the acid product of the action, a considerable quantity of hydro- 
carbons, partly solid, partly fluid, was obtained. AVlicn the residue was distilled witli 
caustic SMa, a mixture of bases distilled, the principal portion of which boile<l at 
217®-230®, and furnished a crystalline hydi^hloride, from which was isolated a base 

boiling constantly at 225®-227®- This Avas acumidino, ^ J* J N, which was 

shown to be a primary base by motliylisation. The dimothyl-cumidinp thereby produced 
boiled at 213®-214°, and absolutely refused to combine with methyl iodide to form a 
trimethylcumylammoninm iodide. The dimcthyl-cumidine and dimethyl-xylidiue 
obtained in the manufacture of dimethyl-aniline, on the other hand, rondily nnitP 
with methvl Iodide, forming quaternary compounds. The cumidlne thus obtained from 
niiilino did not ^ield a trace of colour b^ tho action of corrosive sublimate ; but w^n 
a mixture of this cumidine and pure aniline was similarly treated, a beautifhlcaxini*^^ 
red colouring matter resulted. 

Another example of the atomic interchange above described is aiSirded by the cqa- 
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rersion of aniline into toluidine. Wlien pure aniline liydrochlorido is heated to 
230°--250° for sovoral hours with methyl alcohol, a yellow transpiirent honoy-liku 
miiss is formed, consisting chiefly of mothylani 1 iuo hydrochlorido : 

CTPCNiro.nci + CH» 0 H « non + c«ip(nhch®).iici. 

On heating the contents of the tube to 350^ for u day, u crystalline liydrochlorido 
is formed by the transformation 

C'TP.NHGH*. IICl = CW(CH“)NIP.HC1 ; 

in sliort, methylanilme hecontes converted into totuidine. 

After recrystallisjif ion from -water, this toluidine melts at 43° ; ivlioii, ho-wever, tlio 
liydriodidu of nictliylnnilino is similarly treated, solid toluidine is not formed, but 
one of the liquid modifications. 

The bye-products of the action of heat (about 330°) on trimotliyl-phciiylammouium 
contain, amongst other substances, a ciystallino primary amine of constitution 
C®(CIP)\NH-, and a beautifully crystallised hydrocarbon melting at 136° and boiling 
nt 230°-240°, which gives numbers agreeing with the formula C‘‘(CfP)“ « hoxmu- 
tJiyl-beuzono (Hofmann, Vroc, Roy, Soe, xxi. 54 ; Deut, Chern, Ges. Ber, v. 720). 

AMMBlinflriSf C"H*N*0. Sec Cyanuhamic Acids (ii. 287). — TriethyUamnudine^ 

( ;v»II'i(C*U^)’*N®0, is formed by thd action of hydrochloric acid on triethyl-melamine 
either by prolonged contact in tlic cold, or by boiling for a short time : 

+ IPO -^C»IP(C-TP)®NK). 

(iSuo Ist Suppl. 808, whero ammeli^ie is erroneously printed ammelic/e.) 

•MCMOBTZAa Detection. — A very delicate test for ammonia is nflbrdcd Ijy nn 
nqueous solution ot' phenol. On adding to a liquid containing the smallest quantity of 
ammonia, or an ammoniacal salt, a few drops of this solution and then a small 
(piantity of a filtered solution of clilorido of lime, the liquid becomes green, especially 
-when warmed (Hdttger, A. Repei't, Pharm. xxi. 60). 

Ouyob (Zeiischr. anal, Chem, ix. 253) recommends, ns a test for ammonia, an acid 
solution of incrctmc nitrate to which pobissium bromide is added till the precipitate 
formed at first is rcdissolvcd, and then caustic potash till a permanent orange-yellow 
pri'cipitato begins to form. With this solution the smallest traces of ammonia xirodnco 
a wliite preeixiitato which remains floating in tho liquid for a while, but soon settles 
to the bottom. Lime and baryta x>roduce in tho same liquid only a faint yellowish 
white tiirljidity. 

Pax^er stained with alkanna-red is also a very delicate test for ammonia (p. 43). 

ICatimation, — ^W. Knop {Zmtuchr. anal, Chem, ix. 225) emi>loys for tho ostiinatioii of 
ammoiii;!, especially wlien several detornii nations are rcquii'od to bo made in a sliort 
lime, a solution of barium or mdium hypobromUc, The form of apparatus used in tho 
osi imatioii varies accordingly us tho nitrogon-comxxiund under examination is volatilo 
or not. 3^'or volatilo compounds, tho reaction-vessel, A, consists of a -wido-iiockod^ 
glass flask, -which has a eaxmeity of 230 cub. cont., and can bo closed by a per- 
forated caoutchouc stoxiper. Through tliis stopper passes a glass tubo 12 cent, 
long and 1-5 cent, in diameter, drawn out to a iwint at the top, and provided 
-with a stop-cock below the point. Into this flask another vessel, B, can be passed 
with its mouth downwards by means of a looped string. The mouth of this second 
vessel is cut oflPin a slanting direction, and is closed by a circular or OA^al glass plate 
fitted closely to it by moans of tallow-grease. 

To xiorform tho analysis, 30 or 40 cub. cent, of tho liquid under examination 
are introduced into tlioycssel B, which is then filled up to the mouth with water in 
case it is not already quite filled by the solution ; and tlio ^lass plate, previously 
greased, is x>ressed n|)on the oblique edge, so as to rest upon it exeentrically. The 
vessel B is then introduced, -with its month downuiirds, into A, into -which 50 cub. 
cent, of the brominated liquid, and a sufficient quantity of -water, have previously been 
poured. Tho quantity of liquid in tho vessel A must be such that the spaces between 
its surface and tho caoutchouc stopper sliall not exceed 15 cub. cent. The stejMsock 
is tlien oxx)nod and the vessel A is immersed in a cylinder of water, tho water readi- 
iiig above tho stop-cock, and the whole is loft at rest for a few minutes, so that the 
air in tho glass tubo may take the temxx^rature of tho water. This tubo is then 
connected with a graduated glass tube standing over mercury (the asonietor) ; the 
glass plate which closes the ihner vessel is made to drop off by shaking tho apparatus ; 
and after the first violent evefiution of gas has slackened, the vessel A, -with closed 
stop-cock, is inverted, so that all the gas may escape out of B. Connection having 
again been made -with the azometer, the vessel A, mter agitation for a while, is once 
Diore immersed in the -water, and the quantity of gas collected in the azometer is read 
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oiT. Corroction for teniperaturo is indispensablo ; that for variation of harometric 
priissure is in many casos quito unncc^fisury. working with thrco such apparutug 
at once, two ammonia dotorminations may easily be made in a quarti^r of an hour. 
The same mcthoil may be used for the determination of the nitrogen in urea. 

For tlie estimation of ammonm and non-rolutilc nitrogen compounds, glass vessels 
are used, divided hy a vertical jjartitioii into two cells, one containing the compound 
to be examined, the other the brominnted solution. 

The solution of barium hyi>obromito for this process is prepared hy introducing 
600 grams of barium hydrate iuto 2 litres of water, adding 100 cub. cent, of bromine, 
agitAting, and then immediately pouring in a previously prepared and cooled solut ion 
of 300 grams of barium hydrate in a litre of hot water. The broiniuo disappenr.s 
immediately, and u golden -yellow solution is formed. In making nu experiment, it is 
advisable to add to the cell containing the brominutod solution a few gnuns of barium 
hydrate. 

The solution of sodium hypobromite is prepared by mixing a previously cooled 
solution of 100 grains of sodium hydrate in 260 cub. emit, of wat er with 26 cub. cent, 
of bromine. Of this solution, 50 cub. cent, diluted with 200 cub. cent, water ape 
Kufflciuut to liberate 130 to 160 cub. cent, gas from a solution of sal-ammoniac. ]f 
the quantity of gas evolved in tlio analysis does not oxceod 16 to 20 cub. cent., this 
quantity of solution will therefore suffice for six or seven dot ermi nations in succession. 
The orrfir ari.sing from absorption of the nitrogen gas is very small. 

Solution of Metals in Liquid Ammmiia. — Aceonling t o Seeley xxiii. 160) 

the alkali-metals dissolve in anhydrous liquid iimmoina,withcmt definite ehomical action, 
just as salt dissolves iii water, and are left behind with their original appearance and 
i.'liar.icter when the liquid is evaporated. An iron retort, filled w'itlianhydrou.s chloride 
of calcium saturated with ammonia at 0°, had a stout glass tube connccteil with its 
turned-down neck by means of a screw coupling. This glass tube served to contain 
the inotal or other substance to be acted on by the ammonia. When scKliiiin was 
subjected to the condensing ammonia, it increased in bulk, became dark-colounul and 
))a.sty, and finally formed a homogeneous mobile liquid, of a lively blue colour, both by 
refieoted and transmitted light. On revtTsing the process by cooling the ammonia- 
generator, the ammonia gradually evaporates out of the liquid, and the changes 
observed during the condensation reappear in the reverse order, till at last the sodium 
is re.stored to its original bright metallic state. If the evaporation be conducted 
slowly, the metal is left in crystals. Potassium and litliium behave like sodium. The 
blue solution of sodium acts as a very powerful reducing agent on metallic salts. Tlie 
blue liquids obtfiined in like manner by Wcyl (v. 320) and regarded by him as definite 
alloys of ammonium, were, in all probability, solutions of the several metals in liquid 
ammonia. 

Action of various Metallic Salts on Avimonia-salts, — The action of sal-ammoniac at 
high temperatures on various metallic oxides and salts was examined by II. Hose 
(Pogg. Ann. Ixxiii. 582), who found that, for the most part, chlorides of the rospoc- 
tivo metals were formed, some of which, e.g. tlio chlorides of ammonium, iron, &c., 
were readily volatilised; also that basic oxides of the formula M^O, such us 
CoO, NiO, MnO, FeO, and oxides of the formulae (M®)''0, such as Cu^O, decompose 
ammonium clilnride, when heated in an aqueous solution, with evolution of ammonia 
gas and formation of fixed metallic chloridos, whereas not one of the sosquioxidcs has 
this power. 

Rose also found that borax is not changed when ignited witli ammonium chloride ; 
tliat sodium phosphate is converted into sodium cliloride and a little phosphorus 
chloride, whilst oilcium phosphate is not affected ; and that alknlino chromates leave 
chromic oxide and alkaline chloridos. 

Bolley observed (Ann. Ch. Pharm. Ixviii. 122) that free ammonia is evolved on 
mixing solutions of borax and ammonium chlorido in the proportions of I mol. of the 
former to one of tho latter ; the solution, when slowly evapornted, deposited ciystals 
requiring fire or six parts of water for their solution, and exhibiting the composition 
Nn‘‘’0.4l5'0* + lOoq. or 2NaB0^3B*0* + lOaq. Tho solution of this salt had no actiont 
either upon litmus or upon turmeric jmper, and on tho addition of dilute sulphuric or 
nitric acid, gave a white precipitate of boric acid. Policy also found that an excess of 
sal-ammoniac converts borax entirely into sodium chloride and boric acid. 

AVoodcock (Chem. Soc. J. [2J ix. 786) finds that various other salts containing fixed 
Inises, when brought together, in the dry state, or in aqueous solution, with ammonium 
chloride, likewise decompose the latter, with formation of fixed metallic chlorides aiid 
evolution of gaseous ammonia. 

Wliuu 4 mol. sodium metaboratc (prepared by igniting borax with sodium nitratSf 
till the whole of the latter was decomposed) and 2 mol. sal-ammoniac wero Wtod 
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together in a retort, ammonia ms abundantly evolved, and the whole dcoomposed 
lapidly and completely, leaving a rcsiduo of biboratc and clilorido of sodium: 

thus— ^ 2NH^CI = 2yaB0*.B»0» + 2N«C1 + 2Nn» + H-’O. 

AVljen 2 mol. borax ami 2 niol. sal-ammoniac arc heated togolhor, Bolloy’s tetraborate 
is prtxlucod : 

2(Na»0.2B»0=') + 2NI1'C1 = Xa-0.lB-0» + 2XaCl + 2NH* + IPO. 

Xorinal and neid borates niay bo advantsigcously employed, instead of lime, for 
liberating ammonia from its salts, the reaction being coinplcto, and not attended with 
fi-othing. 

Trmtdtc mid hydroflisodic phosphate readily dceoniposc ammonium salts, but in Ibo 
case of the latter, the ducoinposition is not coiiij3lf!tc. S'SIo grams of common sodium 
pliosphate distilled from an aqueous solution with *»> gram f)f ammonium chloride, 
yielded ammonia eorrespouding only to 7o'09 per cent, of the ammoniam chlori«le eni- 
])loyed. This experiment, view'ed in connection -with thtJ known fact that a solution of 
microscosniic salt is capa.b1e of j'ieldiiig ammonia whmi boiled in aqueous solutions, 
probably giving rise to tlio formation of diliydro-sodic. pliosphate, appear.s to show that 
tlie tendency to form acid salts, which is so proiiouiiced in the borates, as to yield 
(according to Bolley) boric acid by the continuous action of sal-ammoniac upon a solu- 
tion of borax, docs not hold good in the case of phosphates. 

The normal chromates of the ultcati-metals^ as well us other soluble and insoluble 
metallic chromates, evolve ammonia when distilled in aqueous solid.ion with amnio- 
iiiuin salts, metallic chbnndes being formed, and an iicid cliroimito or bichromate 
being l(d‘t., according to the equation : 

2(K’«O.CrO=*) I- 2NH^C1 = K=0.2Cr0» + 2KC1 + 2NH» + IPO. 

The quantity of ammonia evolved is, however, always less than the tlieoretical quantity, 
probably in consequence of the formation of aiumonbi-potassic chromate, 

K«0.(NH^)*0.2Cr*0*. or K(NII*)Cr-0«. 

The action upon ammonium chloride just described is not confined to normal alkaline 
chromates, imasmuch as insoluble chromates, such as barium or lead cliroimito, likewise 
eliininnto ammonia w'hoii boiled with sal-ammoniac, w’itb formation of acid chromates ; 
ignited le.ad cliromato appears to eliminate anunonia more quickly than the precipitated 
c]iromuU\ 

AinmoMia is also given off w’lieii normal sodium succinate is heated with sal-ammoniac 
in iiqiieous solution : thus — 

CMPNa-'O* + NTI^Cl = OJPNaO« + XaCl + NH». 

Normal potassium tartrate and citrate act in the same manner. 

On the action of Ammonia on Phosphorus, sco Phosvhouus. 

Qnaniiiies of Ammonia evolved from various Animal Fluids under the injluence of 
Potash and of Potassium Permanganate (Wanklyn, Chftm, Sue. J, [2] x. 646). — ‘When 
ail animal fluid is mixed with excess of potash, aiid the inixtui'o, after being evaporsited 
down, is kept for some time at a temperature of 160^, a certain quantity of ammonia is 
evolved, and n further quantity may bo obtained by boiling the residue with an 
alkalinu .solution of potassium pcrman^inate. For certain animal fluuls the quantity 
of ammonia yielded by a given weight or volume is characteristic; so likewise are the 
relative quantities of ammonia evolved by tho action of caustic potash and of the 
jiermangaiiatc. These reactions afford two criteria which may be of some importance 
in practical biology, esprcially in enquiries connected witli medical jurisprudence. 

Of all tho animal fluids, urine is the only one that yields a large |iroportioii of 
ammonia to caustic ^lotasli. On the other hand, this liquid is distinguish^ by the 
smallness of its yield of ammonia to potassium permanganatSi 

Milk yields about half as much ammonia to pota:Sh as to permanganate. 

Blood yields about oiio-flfth as much ammonia to potash ns to permanganate. 

"White of egg, moist, just ns it occurs na.turally, gives about one-fourth ns much 
ammonia to potash as to the permanganate. 

Gelatin gives no ammonia (or only Uie least trace) to potash, but a good quantity 
to permanganate. 

It is remarkable, also, that if tho preliminoTy lienting to JoO® witli fustic potash 
he omitted, and the boiling with pemauganate be at once proceeded with, only that 
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quantity of ammonia is obtained -which would have been yielded to permangAnato if 
the entire process had been gone through. 

The experiments, which may bo performed on very small cjuantitioa of liquid, are 
conducted as follows ; — 5 cub. cent, of the animal fluid are mixed with water in a 
500 cub. cent, flask, and diluted up to thu 500 cub. cent, mark, thereby forming a 
dilute solution, whensof 1 cub. cent, contains cub. cent, of the animal fluid ; 5 or 
10 cub. cent, of this dilute liquid are usually taken for one experiment, and a Kinall 
retort flttcd to a small Liebig’s condenser is used. The retort is heated in uii oil- 
bath, and the ammonia measured by Nes.slni^s tost. 

The quantities of ammonia evolved from various liquids thus treated arc given in 
the following table : — 


^iimcof fluid 

Animouln hy potash 
at 150° C. 

Ammonia hy pcrmsui- 
giinatc of potassium 

Urine (human) 

Milk of cow 

Blood of shuep 

Liquid white of egg (hou) 

0*00 gram. 

0*13 ,. 

0*40 „ 

0*32 ., 

0*05 gram. 

0*28 „ 

2*20 

1*30 „ 

Dry solid gelatin (100 grams) 

0* 

1 

10* 


On iht compounds of Anvnonia with Aminonimn yitratCf see Kitratks. 

On the composition of Amtnoniiim Amalgamf see H. Koutlcdgc {Chem, NewSf xxvi. 
210; Chc7H, Soc. J. [2] xi. 136). 


AMYli A&OOHOZiS. On Normal Amyl Alcoh^d, or Normal Butyl Carhinol, 
ClPCn*CIt®CIT*.CII‘-On, see Siippl, pii, I'OC, 1137»and Chem. Soc*J, [2| ix. 1033, 
Isoamyl Alcohol^ or Isohiityl Carbinol^ CIPCn(CJP)®.CH*OH. — This alcohol, ju’e- 
pa red by friictional distillation of beet fusel -oil, and carefully purified by means of 
the ordinary dehydrating agents, was found by Pierre a. Piichot (Bull/ Soc. (Jkim. 
[2] ix. 1033) to exhibit the following physical properties : — * 

Boiling point; 130-130*1'^ under normal pressure. Index of refraction for the 
middle orange ray « 1*111. notation of a polarised ray (what colour?) in a tnijo 
20 cm. long = 8-5° to S’O'* to the left. Sp. gr. determined directly at 0°, at other 
temperatures by calculation from tho rate of expansion : 

Temperature 0° 25° 50° 75° 100° 125° 

Sp. gr. 0*820 0*808 07*80 07*08 0*746 0*720. 


In a recent communication (Compt. rend, Ixxvi. 1332) tho same x'hemists give the 
following determinations of the densities, boiling points, and rotatory powers of several 


Amyl Alcohol (anliydfous) 



Density 

ate®. 

. 0*8255 

Boiling 

point. 

130° 

notation In a 
tia)c20 cm. long 
—8*5° 

„ ,, with 6 p.c. water • 


. — 

— 

—11° 

„ Valerate . • 



. 0*874 

190° 

+ 40° 

„ Butyrate 



. 0*8769 

170 * 3 ° 

+ 8-5° 

Butyl Valerate . . 



. 0*8884 

173*4° 

+ 8“ 

Propyl „ . . . 
Ethyl „ . . . 



. 0*8862 

157° 

+ 0° 



. 0*886 

136'a° 

+ 12-6° 

Mctliyl „ . . . 

Valeric Acid . 



. 0 0005 

117-5° 

+ 8-6° 



. 0*947 

178“ 

+ 6° 

„ Aldehyde (laire) , 



. 0*8200 

02-6° 

+ 6° 

„ „ (crude) 



— 

— 

+ 18* 


They state that, in the 00111*80 of their experiments, they have never mot with opti- 
cally inactive amylic alcohol ; but they say nothing about the means which they 
adoptetl for obtaining it. Some of the discrepancies between tlioir own determi- 
nations of the optical rotatory power of amyl-compounds and those made by other 


• Tlicse dntonnliintioiui agree nearly with tlicne of other chemiRts, excepting m regaxtls the Ofitlciil 
rotatory power (see 1. 203 and Ut Supjil. 107). ireverth^css, ATetHra, Pierre a. Puchot appear to tiunK 
ttint Ibetr own liivcstigntlonB are the first which have nffonlcd natiafactorr ovidonce of the existence 
of fermentation nanyl alcohol, imd of the corresponding propyl and butyl luoohol, ss diatlnet cbeDim 
^Dcles* iCor^ver, they designate these alcohols os ‘Iformiu AloohoLi ’ (1) 
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obaervera nro exactly eiicli ns might bo expected to arise if the amyl com- 
pounds on which they exporimentecl were mixtures of active and inactive com- 
pounds. Thus Pedler found tlmt active valeric acid turns tlio plane of polnris^tion 
43° to the right in ia tube 50 cm. long, which is cfjuivalent to a rotation of 17*2^^ in a 
lube 20 cm. long; and JMonmeyer a. Hell (Ann, Ch, Pharm, clx. 257) found a some- 
what higher value: namely, 48-7° for 50 cm., or 19*5° for 20 cm., whereas Pierre a. 
Puohot find only 5°. On the other hand, tlio rotation which the latter assign to 
jiniyl alcohol, namely, 8'5° for 20 cm., is rjilhcr higher than that given by Pedlcr, who 
obtained a rotation of 17° for 50 cm., or 6*8° for 20 cm. 

The most remarkable rc.sult of Pierre a. Puchot’s experiments is, that amyl alcohol 
coTilaining 6 p.c. water has a rotatory power ( — 11°) greater than that of the anhydrous 
alcohol ( — 8*5°). 

The numbers in tho preceding table show also that isomeric compounds exhibit, in 
some instances at least, diiFerent optical rotatory powers : e.g. amyl butyrato (8*5°) 
and butyl valerate (3°) ; also valeric iildchyde (6°) and amyl valerate (40°). In tho 
latter enso, however, tho two compounds aro polymeric, not merely isomeric. 

According to Poywlf (VeiXt. Chcni. Ges. Per. vi. 560), commercial amyl alcohol yields 
by fA’iict ional distillation a portion liaving a stronger rotatory power than tho original 
liquid. 

ABm BYBSZBlIv Pertilane or Quintanet — This hydrocarbon admits of 

throe modifications, viz. : — 

(1) cii»— cn*— CIP— CH*— CH* 

(2) CH»— CU* 

(3) C(CH»)*. 

The first, or normal pentane, is contained in the light oils from Canncl and 
lloghead tar, and in large quantities in Pennsylvanian petroleum ; it may be separated 
bytrnctioiial distillation, and boils at 37°-39°. On passing chlorind into its vapour at 
t ho boiling heat, two pentyl or amyl chlorides^ C*H“Cl, are obtained, one boiling at 
95°-100°, the other, which is tho chief product, at 100°-102°. These chlorides, de- 
composed with potassium acetate, yield peniene or amylenc^ C*H*®, boiling at 30°-40°, 
and two acetic etkera boiling between 136° and 140° ; and these ethers, decomposed 
by potash, yield normal primary amyl tdcoltol, boiling at 134°-137‘*i and converted 
by oxidation into normal valeric acid, together witJi a secondary amyl alcohol : viz, 
CH*** 1 

tmiiiyl-propyl carhhidl I CH*OH, which yields by oxidation mothyl-propyl ketone 

(Schlorlcmmer, Phil. Trans. 1872, 111 ; Cham, Soo. J. [2] x. 1085). 

The second modification, or isopontnne, is obbiiiiod by dehydration of ordinnry 
amyl alcohol,* or by heating ordinary amyl iodide witli water and zinc £^ii:/7i/.125). 

Tlic third modification, or totr a methyl-methane, C(CH®)^ has lately been 
obtained by LWow (Zeiischri f. Chem. [2] vi. 520) by the action of zinc-meth}'! on 
tiTtiary butyl iodide (trimethyl-carbinyl iodide) : 

2C(CH*)*I + Zn(CH»)* * Znl* + 2C(CH*)*. 

The zinc-mcthyl must bo added to tho tertiary iodide by drops. Tho action goes 
on without application of heat, and the escaping gas must bo washed with dilute 
liydrochloric acid and received in strong, well-coolod alcohol. On diluting tho 
saturated alcoholic solution with water, the gas is given oflf and may be condonsod to 
a liquid in a well-cooled nccivcr. To remove a^ering hydrocarbons it is treated 
first wiUi bromine, tlien with soflinui at 100° in a scaled tube. Tho quantity of tlie 
pure product obtained is nearly that required by theory. It mighty perhaps, also l )0 
pre^rod by tho action of zinc-methyl on dichloropropane, CH* — CCl* — CH*. 

Tctramothyl-methane is a colourless mobile liquid, wliich boils constantly at 0*5° 
w ^ —20° to ciystals resembling sublimed sal-ammoniac. It is remark- 

able that other highly-methylated compounds (as trimethyl-carbinol, methyl oxalate, 
durene, &c.) are likewise crystalline. 

MRsan. -This hydrocarbon, like the other olefines, might be repre- 

sented as a molecule in. which each carbon-atom is linked to its neighbours by only 
one unit of affinity, and consequently two units of affinity are unsaturated (see 
^ppl, TO. 117, 713). It is, however, more in accordance with the known relations 
ot tbcBo bodies to represent them, in the free state, as saturated molecules having two 
^ carbon-atoms linked together by two units of affinity, and to snpT^o that, 
When tlioy come in contact ‘with chlorine, bromine, &c., this double linking is broken 
JJPi the molecule then becoming bivalent, and capable of taking up Cl*, Br®, O, &c. 
vJu tins view, tlie olefines will exhibit isomeric modifications, accordingly as the doable 
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linking of tho carboii-atomB takes pluco in tlio middle ov towards the end of the 
chain. Amylcno, for example, is suscoptiblu of the four following modiiieatioiis : — 


cn® 

H®C CH® 

CH® 

H3C— C-CH® 

Hit 

1 

cn® 

\/ 

1 

CH® 

1 

CH 

1 

i 

CIP 

1 

CH 

CH® 

I 

cu 

II 


CH 

II 

CH 



GIF 




Tho iirst of those is tho aniyluno con*cs{>oii(luig to nornial aniylic alcohol, taiid 
probably itlontioal wifh Wurlz’s othyl-allyl. Tlio soooiid is onliiiai’y aniylBiio obtaiiiud 
from tJio aniylic alooliol of fcrnientiition. Tho fourth is obtained from tertiary amyl 
alcohol or diniethyl-efhyl carbinol, C(CTT*y(Cr-H^).Oir, by the a(‘tioii of very strong 
alcoholic, potash. It boils at 3i»®, unites with hromino, niid with hydriodic acitl when 
heated with the fuming acid to 100°, forming diinethyl-carbinyl iodide, C(Cir'*)-(C®IP)I, 
which is converted into tertiary amyl alcoh*>l by treatment with silver oxide and 
water (Krmolaion, /. Chrm. [2] vii. 27o). The third is not positively known, 

but is perhaps identical with can umylcne boiling at 25°, which Flavitzky, has lately 
obtained by treating ordinary amyl iodide with concentrated alcoholic potash {Ann. 
Ch. Phurm, clxix. 205.) 

Convefsion of Amylcnc into an Amyl Alcohol hj HidiTihnric. Acid . — According to 
Borthelot Ch. Pkarm. cxx. 71), small quant ities of ainyleue hydrate (socoiulary 

amyl alc<mbl) are formed by the action of sulphuric acid upon am3-leiU5. Ericnmeyer 
{Z^iUchr.f. Chem. 1865, 302) contradicts this statement, asserting that nothing but 
diamylonc is prodiu'cd by this reaction. Flavitzky, however {Ann. Ch. Pkarm. clxv. 
157)» found that Tfhen a stream of carbon dioxide charged with am^’lone vapour was 
passed into a mixture of 2 jiarts sulphuric lucid and one of water in am appiraitiis 
airrunp^ed so as to carry on tho process continuously, part of tlie amyleno was convert t?d 
into diamylcuG, while the rest dissolved, forming ai solution from which, on aidditioii 
of water, an alcohol was separated. This nlcoliol boileal between 100° aiiid 108°, anid 
more than hadf of it at 102*4°. Ko amyleno hydrate was separated fi-om it even by 
repeated fractional distillaition. By oxidation with chromic acid mixture, it yiehlod 
common acetone, but no methyl-isopropyl ketone, which is the normal product of 
the oxidation of amyleno-hj-drate. From the boiling point of the ailcohol, it 
probaibly contained diinotliyl-ethyl carbinol (tertiary am^i alcohol), which might bo 
formed if tho amyleno contained isomeric modificatioiis. 

Slomylenev — This hjrdrocnrbon is most easily prepared ]>y shaking togother 

ono Yolumo of pure amyleno with two volumes of strong sulphuric acid and ono 
volume of w'Uter in stoppered cj’liiidcrs immersed in ice-cold water. From tho 
product, which boils at 150°-170°, pure diamyleno may bo isolated by fractional dis- 
tillation. It boils at 150°-163° under a pressure of 721 mm., and has a specific 
gravity of 0'8416 at 0°, and 0 8248 at 20°. 

A solution of potassium diebromato in dilute sulphuric acid acts slowly on dia- 
mylone in the cold, more quickly on heating; tho products consisting — besides carbonic 
and acetic acids — of a neutral aud of an acid oil, which maybe scpailitod by means of 
caustic soda. 

Tho acid liquid which volatilises with the steam, bonsists of amothonic acid, a 
weak acid isomeric with oenant hylic acid (p. 56). 

Tho neutral oil may bo separated by fractional dislillatiou into Inactions boiling 
between 140° and 210°, and a residue which decomposes ou further heating. Tlio chief 
fraction, which boils between 180°-! 90°, lias the composition of diamyleno oxide, 
It is ii light, mobile, colourless liquid, having a penetrating smell, liko 
that of camphor. It easily rednccH an anunoniocal silver solntion, but does not 
combine with sodium bisulphite. It is the first p}.*oduct of tho action of chromic acid, 
upon diamyleno, and yields by further oxidation, carbonic, acetic, and umcthenic ^ds. 

Pliosphorus pentnbromido hoes not act on the n'cutral oil in the cold ; on heating, a. 
qiiict reaction sets in, hydrobomic acid and tho compound C*®H*®Br bein^ formed. 
Probably diamyleno dibromide, C*®IP®Br=, is first formed, a compund which easily 
dccomiX)SCs even ntordinnry temperatuivs (W. v, Schneider, Ann, Cn. Pkarm. dLy\\. 185)« 

Dinm^dene unites with bromine as readily as amyleno does, and must therefore M , 
supposed to have two of its carbon-atoms linked together by two units of affinity*. 
Tlio same view of its constitution affords an insight into tho mode of its further con- 
densation to triamylene and tetraznylene, and of tho formation of nitylene, 



AMYL-ISETHIONIG ACID. 
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and terebenOt by abstraction of 2 and 4 atoms hydrogen respectively from diamy- 
lane. Tho transition from amylene to diamyleno and torebcne may be represented by 
the following formulae : — 
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2 mol. jtmylene. Diamjlone. 


Terebcnc. 


In terobone we see the closed ring of the benzene molecule ; consequently, a further 
abstraction of will give the molecule homologous with benzene— in fact, 

isopropyl-mothyl-benzone, which is one of tho modifications of cymone ; and this 
transformation has actually been efiucted. (See Cymenb and Terubbnu.) 

Tho condensation of diamyleno to triamylene and tetramylone may bo represented 
as follows : — 
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Triainylono,C*»H« Tstaunyleie, CmH*". 

Bespocting y. Schneider's views of tho constitution of diamyleno, see Ann. Ch^ 
Pharm, clvii. 185; Chm, 8oe, J, [2] ix. 217. 

AMCn-XSBTBXOnC, or OXTAWnSVAPBONXC AOXD. C>n>^0* 
=C»II'"(OH)SO*H. (F. A. Falk, J, pr. Chm. [2] ii. 272).— Tliis acid is formed by the 
action of amyleno-chlorhydrin on ^ium sulphite ; 

C*H«(OH)Cl + SOW = Nad + dH«(OH}SO»Na. 

The two bodies are enclosed in a glass tube together with a little water, and heated 
to 120^; tile undecomposed amylenO'^lorhydrin is then removed by distillation ; the 
oquoons solution mixed with the requisite quantity of sulphuric acid ;• the sodium 
sulphate p^pitatod by alcohol ; tile ucohol evaporated ; and the residue freed, first 
from chlorine by silver sulphate, then from silver by, hydrogen sulphide ; lastly, the 
solution is saturated with buyta, and thebariuni nltdecomTOsed by copper sulphate. 
The cupric salt thus formed is the most easily crystalfishble of all the amyl- 
isothionates ; its solution, decomposed by hydrogen sulphide, yields amyl-isethionic 
acid, which, however, cannot be obtained in tho pure stato, as the solution is decom> 
posed by evaporation. 

The metallic amylisethibnates ore inore stable, their solutions hot being decom^ed 
by boiling. At higher temperatures, however, they decompose the copper salt a little 
all V017 Siflublo and difficiut to crystallise. 

The sodiim salt C^H*^OH)l^^a forins thin, white, very deliquescent lambm. 
The anmnium salt dries up over sulphuric acid to an amorohouB mass. The ealp^m 
[C*H"(OH)SO*]*Ca . dystailises in ^in, sc^vezy soluble laminm ; so likewise 
does the iarium salt which decomposes at 130®with fonnation of 

banum sulphate. The seif dissolves easily in 

^ter and in alcohol, and ciystaUiset V thin, soft^ ti^ blue lamiiuei The Isaii salt 
ciwtallisM with difficulty ; tile 

According to E. Mwara (listrf , Chsah ASfss^ mr* Hi, 601), amylisetiiionic acid, « 
en iBometio add, is produced by the aetlhn of ddpbme anhydnoe oh amyl alcohol, 

M 8m ■ ■ ■ ■ 
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The anhy^do is pressed into a glass tube 3 or 4 inches long and 2 linos Mride, and 
this tube is introduced into a -wider one containing cooled amyl alcohol. As soon as 
all the anhydrido is dis.solvod, the solution is diluted with water, boiled for soino 
hours, saturated with barium carbonate, filtered, concentrated, mixed -with alcohol, 
again filtered, tlionleft over oil of vitriol, and the hygroscopic crystalline mass which 
remains is purified by ri:crj’'stallisntion from dilute alcobol. The barium salt thus 
obtained forms distinct crystals easily soluble in water and in alcuhol^ and swelling 
up strongly when heated. The aqueous solution does not deposit barium sulphate 
when boiled. 

Ailiam-PBOSPBOPXiAiTXXrOIJB BTBBBi See PiiosruoPLaTiNOVS Com- 
pounds under Platinum. 

ABKTXi-PBOPABGYXiIC ETBSB8. See PnoPAnoTT.lc Etheus. 

ABABYSXS* Application of Sulphuretted Hydrogen reactions to Analysis in the 
dry way (J. Landauer, Deut. Chem. Ges, Ber,^ v. 406). 

Characteristic reactions may bo obtained by heating the borax bead in which a 
metallic salt is dissolved, with sodium thiosulphate ; but this method has the disad- 
vantage of not being applicable to volatile metals like arsenic and mercury, besides 
that tlio production of liver of sulphur causes uncertainty by colouring tho bead. 
Instoafl, therefore, -of proceeding in this way, it is bettor to heat the substance willi 
tho thiosulphato in a test-tuho. If the water of crystallisation of the reagent has not 
been previously expelled, the tube must bo held horizontally to prevent tho water 
running back and breaking it. 

^The annexed table sho ws that nearly nil metallic compounds may bo thus identified 
by means of tho sulphide* roactions, aided by those with the ordinary borax bead. 


Met^UooxldS 

\7iUi 

Cold borax bead 

In oxidising flamo 

In reducing flamo 

Antimony oxide . 
AiBenious acid . 
Load oxide . . 
Chromium oxide 
Iron oxide . , '. 

Gold oxide .. *• 

Cadmium oxide . 
Cobaltous oxide . 
Guprods oxide . 
Manganese oxide 
Molybdic acid . 
Nickel oxide . . 

Pla.Unum oxide . 

Mercury oxide . 
Silver oxide . . 
Uranium oxide • 
Bismuth oxide . 
2inc oxide. , . 
Tin oxide . . . 

Bod .... 

Ydllow. . 
Black . . . 
Green . r . 
Black , . , 

Black . . 1 

Yellow. . . 
Black . . . 
Black ... 
Bright green . 
Brown . . . 
Black . . . 

Black . . 1 
Black . . . 
Black • • • 
Black « . 

Black » • • 
White \ . 
Brown . . • 

Colourless .... 

Colourless .... 
YellowiBh-groon . . 

Yellow 

lieduced without f 
being disBolvod , \ 
Colourless . . 

Blue 

Blue 

Violet 

Colourless .... 
Beddish-brown . . 
Beduced jnthout / 
being dlftolved . \ 

Colourless . , • • 
Yellow ..... 
Colourless .... 
Colourless . . « . 
Colourless .... 

Grey to colourless. 

Grey to colourless. 
Emerald green. 

Bottle green. 

Bcduced without being 
dissolved. 

Grey to colourless. 

Blue. i. 

Browmish-red (turbid). : 
Colourless. 

Brown. 

Grey to colourless. *-■ 
Beduced without being 
dissolved. 

Grey to colourless. 
Bottle-green. 

Grey to colourlesSi 

Grey to colourless. 
Colourless. 

^ 


New Method of Quantitative Jnorganw Analysie^-r-^. Canni^ael {fUKtsekr, 

Chem, X. 82 ; Zdtschr.f, CAm. |2] vi. 481) points out that the ordinary methods of 
quantitative analysis are affected by several sources , of error, arising not So much from 
the nature of the processes em^oyed, or from impurity in the reagents, as from ijii 
tnanipulatioDB required, osimcially the docantation of liquids from one vessel tP 
anolher, — ^the sejparation of a pi^ipitato from the fl)|er^ the burning of the filter, and 
the estixnation of the ash being alro not unimpoxtanii 'sources of inaccuracy. 
an oxaminaUon of a large l^iiimbor of published analyses, Im infers that when 100 
of a substancaarre tidteb’ ISw analysis, the sum of the consmmnts actually found va^ 
from 100*07 to' 90*1 ti or ^ about 1*0 per cenU^inrhile anatysPs in which it varies 
102 to 97 per cent, are no meanst uimonimool llpreoyer, it is for the most 
impossible to saj tim ei^ or asfiaiehey shotdil be dutributod UmPM 

imvex^ oi iikeonstittMinto or^f^ - 






ANALYSIS. C7 

To avoid the eourcea of error above mentioned, Oarmichncl has devised the follow* 
ing apparatus 

The apparatus ropKsonted in Fig. 2 — one-fourth of its actual size— consists of a gloss 
tube twice bent at right angles, and having at one end a funuel-shapod enlargcinont 
tlie bottom of which is pierced with a number of siimll liolcs. The other arm fits 
into the J-a^ped tube BCD, which is closed air-tiglit at B uith a caoutchouc ring 
This tiibo 18 fixed into the glass plate E F, and is likewise closed air-tight with a 
caoutchouc ring. The plate E F is covered with a so-called caoutchouc ‘ cap.* Between 
B and C is attached a side-tube, bent at rifeht angles at D, so that the spring-claniTJ wh icli 

closes the small caoutcliouc bag at D may be easilv handed. 

Tlio ‘ cap * and the ring B are thinly coated with grease. Tho edges of the beaker 
glasses ^y bo easiW ground on a plate of sandstone. When tho whole is exactly 
fitted, the cover E F closes so completely that tho beaker may bo kept air-tight for 
24 hours. ^ r b 

Fia. 2. 



Fio. 3. 



Tho flljer-bulb A (Fig, 8), on the action of which the process mainly depends, is 
Iwwn at the lower end of a tube 2 mm. in internal diameter; it is tlien flattened at 
the bottom, loft to cool a little, and whilo the glass is kept in a scarcely soft state, 
pierced' tlirougli tho flattened surfhee witli a fine white-hot steel wire. The holes must 
bq .close together, and must have a diameter not exceeding . 0*7 mm, Tho wid^ of 
the (^s a b (Fig. 3) must be regulated according to .tlie thickness of tho paper with 
which tho bulb is to be covered. 9br ordinaiy paper it must be 3 mm.; but it is 
better to use thin Swedish paper, and for this a width of 2 mm. is sufficient.’' .The 
wove thus formed is ground. The tiibe itself is bent in such a manner that tho arm 
B 18 a little longer than A. Tho height h c must be amall, so that tho air which rises 
at tlie end of the filtration may drive all the li^d before it. For ordinaiy use, a 
diameter of 2*6 centimeters is sufiScienti The numbift of holes required is in gon^ 
about fifty ; a smaller nutnber will, however, suffice if they are cdfinoctod toge&r by 
gutters etched put with hydrofluorio add, * 

Tho apparatus is cpnneqted by means of a tiiidc-waljed caoutchouc tube with an 
exhausbng apparatus, the i^austion being made either vrith the lips eir by a Sprengol 
l^™Pi or an ospiratw, according to circumstances. 

To 11 HA fba out, whilst the end l is immersed in water; 

»> out all iinparjitaesKf nd s^es at the some time 
of the lime diameter as a is then 


to rinse out the beaker. A of 

. •,***'* .w*. — V* MWW wowiutwi^l. W A W VUW 

pressoa a^nst the lower stime, and somaina adherfng to it, even when air is l^wn 
m again, and dwa not tear eV^under full atmosi^Mric presSUxei The vessel is no# 
exhaurtedi tho diaa: of llltor^apcip lmrii^ beon,;?jmvaoiuW inra 
B^uuon, but nevOT te ywa the soludon precim- 


tateiswashbdamUoj'irw 
the remainder is undied Mto a 


If 2 ■ • 
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precipitoteB 13000010 iiasnred and shrink together. The 'Spring-clamp is then openedi 
BO as to admit, air into tho beaker, and the filter-tube is removed both from the 
crucible and from the cover F E. When tlie operation has been properly performedy 
the dise of paper remains upon the precipitate. The upper surface of the bulb appears 
cUan, and only a small ring of the substance^ remains adhering to tho lower edge ; 

. thia portion piay likewise be removed by holding a small piece of filter-paper against 
^ the bulb with one hand, while with tho other tlio tube is turned round, ancl the paper, 
with the small quantity of the precipitate adhering to it, is brought into tho crucible. 

The crucible is then covered and heated in an air-bath to 105-. At this tompera- 
tuTo the precipitates dry very quickly, and there is no fear of subsequeut spirting. 
The crucible is afteri^ards bcaM without its cover till the paper is burnt, and then 
raised to a red heat. 

In most cases a bulb of the size above mentioned is sufficient ; for gelatinous pre- 
cipitates, however, like alumina and ferric hydrate, a bulb 3*5 centimeters in diameter 
is better. A small^platinum dish, weighing about 28 grams, may also bo advantiigeously 
substituted for the crucible. 

One of the principal advantages ascribed to this method of analysis is the nvoid- 
ancetof los.s in the washing and burning of a filter, and of error in estimat ing the 
weight of tlioash; for as a filter 12coBtimotor8in diameter yields about O'OOOS gram of 
ash, the ash of little discs of paper used iu tho preceding process cannot weigh 
more than 0*00002 grams, a quantity altogether inappreciable.. ^ Another advantage 
claimed for this process is tho small quantity of substance required for the analysis, 
2 milligrams being in fact sufficient, whereby a great saving of time is effected. 

Tho same method may of course be applied to qualitative analysis (Carmichael). 

Filtration under pressuro may also ho effected by moans of tho diminution of 
pressure which Lakes placo on the cooling of a close space filled with steam. A 
cylinder of tin-plate which can be' closed air-tight is connected by a glass tube having 
a glass stop-cock, with a bottle closed by a caoutchouc stopper, tlirougli which tho 
nock of the funnel also passes. Tho cylinder is filled with steam by lioating water 
conminod in it, then closed, and brought into connection with the bottle wliich carries 
the funnel by opening tho glass cock. As the cylinder cools, a partial vacuum is pro- 
duced in the bottle, and tho pressure of tlio external air forces the liquid through the 
filter ( J. Osier, Zcitschr. anal. Chem, xi. 290). 

To obviate tho tearing of filters which sometimes takes place iu filtenug under 
vpressure, G. Tichborno {Phami. J. Trans. 1871, 881) makes use of parchment-pa]x»r 
filters. These stand tho pressure either with or without the help of u i^lalimim cone. 
The only objection to them — namely, that they do not lit so close to tho surfaco of the 
funnel as filters of ordinary paper do, and consequently permit tho passage of air —may 
be obviated by first placing an ordinary filter in tho funnel and the parchment-paper 
filjtet within it. Eor this purpose it is best to use paper converted into parchment-paper 
on one side only, tho unaltored side being placed in contact witli the ordinary filter. 

To prepare such paper, pieces of Swedish filtering paper are ^^refully laid on a 
mixture'^ 2 parts pure strong sulphuric acid^and 1 part distilled water, the xai^tturo, 
if possible, being used ice-cold, and never while yet warm ; care must be taken that 
every part of the surfaco.comes in contact with the liquid. The paper most after- 
wards he quickly^ and thoroughly warmed. . > 

Earthmmre Those are made of very porous oorthonwaro, compact enough, 

however, to prevent the most finely divided precipitates from running through. They 
ore washed, before use, with hydrochloric acid and water, then dried^and if r^uired 
for filtering under pressure — ^tl^ are supported within a glass funnel by melibus of a 
*hiece of sheet caoutchouc passing over the edge of the latter (0. £, Munroe» 

Chm. Ser, iv. 27d), 

Washing of Gelatinous PrecipttaUs. — ^To oeceierato this process, which is long ^nd 
tedious even with the aif of a filter-pump, T. H. Chatank(ZM*^Ar. anal. Chem. ^ 
290) mixes the liquids in which such precipitates are formed with a slight 
of the precipitant, and evaporates the whole to dryness, stirring the gelatinous 
wi^ a glass rod till it forms & perfectly dry pow^ %hich may then 1 m easily waeh^ 
oh afllteft Examples 'giyen by CHhtard of th^hnal^^is of potassinm dtehtomate 
and pnmiomo-ferrio shlphate, in which the precimtlM fdiromi^ and fettle hydimte^ 
Werif thus treated, exhibit dpiia agreement with .the;M(Mated results: Neverthele^ 
Eresenjusihinks tliat the method cannot be applicable in all caiies, inasmuch as the 
precipitates during evap^tion to d^im may yory easily enclose foreign matters, 
which will qfteihsiards be dlAmlt to remoyh by washing : in fact, Chatard fflA 
iralf adnuts that is w 

^CaknUaUois qf .tvrd eom|KmndB : » aodf 

being hhe be deteniuni^l ik and the 
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constituent 'nrhosesum » is knoi^ ; a the sum of the iFeightB of the two compounds : 
also let K denote the atomic weight of x, N tliat of y, 0 that of m andjp ; then 

i(N+C)-flC 
“ C ’ N-K 


The percontogo 


y « a - 5 - r. 
of X contained in a is : 

100 K &(N + C) - aC _ 


lOOK 


"N-K 


C(N-K) 


/,(N + C) - aO 


This shows at once that « » 0 when 

6(N + C) — uG ss 0, or when 
b C_ 
a * N + 0* 

If, thoroforo, in a substance regarded as a mixture of the chlorides of sodium and 
potassium, the quantity of chloriho found by oj^perimont is to the total weight of the 
substance as 35‘5 : 68*5, it follows that no potassium chloride can bo present. Tbo 

fraction is for the most part of considerable magnitude (in the deter- 

mination of potassium and sodium chlorides, for example, it is 6'8-i). Errors in the 
estimation of a and b liarca greater induonce on the result in proportion asN — K is 
smaller ; if X = K, the method is inapplicable (Cassclmann, Zeitechr. anal. Chem, ix. 
GG) ; compare i. 224. 

OxidaLion with Kitric Acid and Potassium Chlomte.-^P. H. Storer (Sxtt. Am. J. [2] 
xlriii. 190) recommends this mixture as preferable in most cases to all other oxidising 
agents commonly used in analysis. Chromic oxido, even after ignition, is easily and 
completely oxidised to chromic acid, by treating it with nitric acid to whicli potassium 
L'lilorato is gradually added ; chronie>iron ore treated in tho same manner does not 
dissolve completely, but tho residue, tested by fusion with sodium- carbonate and nibrOi 
is found to bo quite free from chromium ; metallic arsenic and arsenious acid are 
easily converted into arsenic acid ; cinnabar is oxidised without separation of suljihuip; 
the sulphur in potassium sulphocyanate, vulcanised caoutchouc, anthracite, bituminoua 
coal, and pyrite, is completely oxidised and dissolyed; and organic substances in 
general are so completely oxidised and decomposed, that this method of oxidation may 
perhaps afford an ensy method of determining the carbon by passing the resulting 
carbon dioxide into baryta-water. 

Tho oxidation in all cases is performed in a porcelain basin on the water-bath, and 
loss by spirting is prevented by placing in the basin an inverted fhnnel having its 
neck bent downwar^. 

Oxidation with ZJltrus Acid in Organic Anedgsis (i. 247).-^I’'or the oxidation of the 
elements of organie bodies other than carbon, hydrogen, and oxygen, Carius (De^. 
Chcfti. Ges. Bsr, iv. 697) nowuses hydrogen nitrate of sp.gr. 1*6, which is easily 
prepared from the pure red commercial acid of sp. gr. 1*57 by gently heating in an open 
flask. The quantity used should be from one and a halftimes to twice, that which is 
actually required for the oxidation accending to the equation : . 

2XHO»»0» + > JEPO; 

but the proportion of this quantity to the capacity of tha^ tuba should not axcest 
4 grams to 60 cubic centimeten. The quan^ty of nitric a^id r^oirod is m' general 


ve^ small, since, f<n* exSm^^ Q’24 grams of msnsiLptan^ which is one of those bodies 
which require the larSjeajyunount of Oxy^n, mSj be oxidised by 3*8, or at moss' 
4‘4 grams of nitric acid. The duration of the ondation need never exceed an hour 
and a half, reckoning tJie first haU hour for attaining the,r^irite tem^rature. 

temwature required foroe^eteoldd^c^ is vi^difierentfcffdifibrent bodies, 
^^ly oxidable substances are mmposed at toihperaturesjtotween 160^ and 200^, 
compouids of the l^m^Cic c^|j^60V260^; deAy^tWea of the sulphonic 

acids a tempera^ of isxedtd)^ Ha 

Teiy quickly at 26^260^, tnietif m reia^.iqg in the somjtiqt^; 

at 301)0 it is easily and conf^tely 'oxidised Shglish' 

^^ppaais in two ho^ at 300^,^30?^ and Ox^ tp <»u!bon dioxide. 

The oxidation is performed in sOapl eOmbustiem-^^ met. lon^ and 

met. wide. 'Whan it is npmhm the tohe: is s^ cold water is riowly 

^ded to the of hitridt^^ 

tokesplace; ' - ■ ..i 
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~ ^he test of ibe Bnaljsis is very simple. In the estimation of sulphur, the small 
quaiiti^- of nitric acid used renders tlio eontominatiou of the hnrium sulphate \vith 
barium nitrate- very small and easily removable. In the estimation of chlorine, 
bromine, and iodine, silver nitrntc is immediate^ added to the contents of the tube, as 
in the mode of operating formerly described. lOaide of silver melts with the excess of 
nitrate into a yellow m.ass, and must bo heated fqr two or three hours under the dilute 
liquid to separate the nitrate. The small quantity of nitric acid used preclude s the 
formation of iodate. 

Use of Bromins in Analysis.-^Y, Waa^ {Zdtsehr.aiud, Chm, x. 206) recommends 
the use of bromino as an oxidising agent in preference to nitric acid, chlorine, or a 
mixture of potassium chlorate and hydrochloric acid, for the following reasons : — The 
action of nitric acid is but feeble when the acid is used in a dilute state, and even 
when concentrated it oxidises snlpliur but slowly. Most solutions used in analysis 
are rarely quite free from hydrochloric acid (chlorides), and the use of platinum 
vessels has, therefore, to be cnrefully avoided. Nitric acid, lastly, .icts upon filter- 
paper,.tbc nitrocellulose prciventing the complete precipitation of certain metallic oxides, 
rotassiom chlorate necessitates the employment of concentrated hydrochloric acid, and 
any undocomposod* chlorat-e, especially in dilute solution, can only bo romovocl by 
introducing into the solutions a large excess of free hydrocHoric acid. Chlorine-water 
is a comparatively weak oxidising agent, as it contains only about one-half per cent, of 
chlorine ; and the use of gaseous chlorine involves each time the generation of chlorine 
and the preparation of a chlorine apparatus. Waage recommends, therefore, the more 
frequent iiso of bromine, both in qualitative and quantitative analysis, either in the 
form of pure bromine, or dissolved in water, or in concentrated hydrochloric acid. 
Bromine water, obtained by shaking up bromins with cold water, contains from 2 to 
3 per cent, of bromine; coneentrab^ hydrochloric acid takes up about 13 percent. 
Either 6f these three oxidising agents may be employed, according to the intensify of 
the oxidising power to be exerted Excess of bromino can be very easily removed 
hy heat. Bromino, moreover, is -without action upon platinum vessels, either in 
• alkaline or acid solutions, free nitric acid excepted, and does not net upon filter-paper 
when used in the form of bromine-water or dissolved in hydrochloric acid — a groat 
'desideratum, whenever precipitates have to be partly oxidised on the filter itself. 

■ Bromine is a useful aud powerful solvent for sulphur, magnetic pyrites, copper 
pyrites, arsenical pyrites, nickel glance, as well as for precipitated sulphides, for 
oietormining either the sulphur.or the metals. Sulphur shaken up with bromine and 
water in the proportion of about imrts bromine to 1 part of sulphur is speedily 
converted into l^diobromie and sulphuric acids. The whole of the bromino is added 
at once, in order to avoid loss of sulphur in the shape of sulphur bromide. The pyrites 
Heed not bo powdered very finely ; tne action of bromine being very viqjont, it is ^vis- 
able to add first a little water to the pieces of pyrites, and then the bromine in small 
quantities at a time, and with repeated shaking. 

Bromine-water may conveniently be used for removing sulphuretted hydrogen from 
solutions. Precipitated metallic sulphides must-, for the most part, be removed from 
the filter by a fine jet of water from a wash-bottle, and the last traces treated on 
the filter hy^ pouring a little bromine gas or bromine water into the funnel and cover- 
ing it up with a watch-glass. The sulphides ore rapidly oxidised and absorbed by 
the filter, and can then bo washed out. 

Bromine does not oxidise in ammoniacalsolntions, but liberates nitrogen ; ammoma 
may therefore be used witli advantage for removing excess of bromine. The peraxides 
of nickel, cobalt, and manganese, s.^., are not precipitated by bromine from solutions 
eontaiqing ammoniacal salts. Ferrous, etannous, and mercuTous salts, oh the conteatyt 
are reaaily oxidised by bromine in an acid solution in the presence of ammoniacal salts. 

Conlihercial bromino cannot al-ways be obtained pure^ and should be xedistiUed, if 
' necessary, without the intervention of oaoutchouo. 

Anirces qf Error in 4fi%ris.---Er^ may arise in Tolumetric deter- 

mimtions from the contraction which t&es place on mixing saline solutions vritb 
water« and from the fact that vessels do not deliver in a ^ven time correspondi^ 
ToInineB of water and saline solution, but tether iei||l qi the latter, thwi^t niDOttif 
depending to some extent un^ liie spccM^ gravity solution. . The fiist^iiahud 
of error may be obviated : flw^ by using as weak solutions as poSi^^ 
flerahdlTy by misdiog the saline liqu|^ |h:oroughly vith the water before maiung ^ifii&e 
up to tm :^tdred bulk. The ezrijCteusbd by the adhesion of a saline liqnid to ths. 
deliveriog VeSBel may be obviate by graduating it in terms of the particular - 

to bo em^<^ (Tadodc, xxi^^ 

qf ^Iphvrie Aadt J^ryia, CjOoriiUrErmM 
pjczlv. 118).— This method is biiM njbiir a 
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ANALYSIS. 

princlplcSi Alkaline siilphatee are knoiirn to be partially decomposed, in contact with 
barium carbonate, into alkalino carbonates and barium sulphate. The decomposition 
is complete in presence of free carbonic anhydride ; acid carbonates of t^e alkali- 
metals are loft in solution, together ‘xrith some acid barium c;irboiiate, whi^ can bo 
removed by boiling. The solution is filtered, and the alkaline carbonate determined . 
by means of a standard acid solution, and the amount of sulphuric acid or alkaline 
Bulplinto calculated from the amount of normal acid required. 

Neutral chlorides, bromides, and iodides, more especially of the alkali-metals, are 
most readily decomposed by pure silver oxide into insoluble silver salts, leaving the 
nikali-metal in solution as hydrate (ammonia salts always excoptod),which can thou 
W determined as usual by standard acid. 

Solutions containing sulphates of the heavy hietals, of the earths or alkalino 
cnrtlis (lime), and free from acids whoso presence would influence the method, viz., 
phosphoric, arsenic, oxalic, &c,, are treated with a solution of potassium carbonate so 
as t .0 precipitate the bases and leave about double or treble uio amount of alkalino 
carbonate in solution. From 1 to 1 J gram of substance is operated upon in a flask. 
The solution is made up to 600 c.e., %voll shaken, and the precipitate allowed to sub- 
side. 50 c.c. are then filtered into a porcelain dish and heated to boiling, and standard 
acid (HCl) added to neutralisation. Another 100 c.c. are filtered, in like manner, into 
a strong quarter-litre fbisk, and diluted with about 100 c.c. of hot water; the requisito 
quantity of normal acid is thou run in at once from a burette ; the solution diluted to 
250 c.c. ; and about a mam of diy barium carbonate (free from alkali) added. The 
flask is next closed ana the liquid well agitated. The decomposition of the alkalino 
sulphate is completed in a few minutas. The flask should be opened now and then to 
allow the carbonic anhydride to e.scapo. Finally, about ^ gram of pulverised barium 
hydrate is added, the whole well shaken, and a portion of tho> rapidly clearing liquid 
tested qualitatively for barium and sulphuric acid. The result should bo negative. 
50 c.c. corresponding to 20 c.c. of the original solution aro then filtered into n 
porcelain dish and standardised with normal acid (hydrochloric or sulphuric), and ’ 
the quantity of sulphuric acid (sulphate) calcuhatod ns usual. The source of carbonic 
anhydride is thus placed in the liquid itself, provided the quantity of potassium car- 
bonate bo not too small. Molecular qnanlitios of K*S0* + 2K*CO® + 2HC1 + BaCO*, ^ 
when mixed with sufficient welter, cliange into BaSO* + 2KHCO* + 2E!Cl» and it is 
therefore more than sufficient to add twice the quantity of potassium carbonate 
compared with the alkaline sulphate operated ujpon. Barium h^rato is added with 
the view of removing any carbonic anhydride loft m the liquid after boiling, which would 
otherwise dissolve some of the excess of barium carbonate contained in &e precipitate. 
Any barium hydrate not required to remove carbonic anhydride is acte^'upon by the 
hydro-potassic carbonate, but does 'not influence the final result. 

Phosxihoric and oxalic acids may be removed by means of calcium cblorid^s chromic 
acid by deoxidising agents, such as alcohol and hydrochloric acid. Bohlig recom- 
mends this method for estimating sulphuric acid volumetrically in ashes, crude: soda, 
Stessfurt salts, &c, 

Solutions containing baryta are estimated in like manner by precipitation as 
carbonate, and decomposition with potassium sulphate in a solution containing free 
carbonic acid. Chlorine is dotennined volumetrically in solutions by first precipi- 
tating any metallic chloride with potassium carbonate added in moderate excess. 
The filtrate is made up to 250 ac. and the excess of potassium carbonate determined in 
50 c.c, by means of a normal solution of hydrochloric acid. 125 c.c. of the solution 
are next treated with excess of silver oxide and made up to 250 c.c., well shaken, 
(in the dark) and filtered. 100 * 0 . 0 . of the filtrate aro standardised with normal 
hydrochloric acid solution. Th^ difference between the quantity of acid required in 
the last experiment and that of the former experiment, multiped by 5, gives , the 
amount of chlorine contained in the original solution. A p<^on of the' filtrate 
should be tested for chlcrihe by moaiie of mercurous niteate. 

The filtrate is obtained perfectly clear only in piwhce of potassium or spdiam 
carbonate, and by employing arg^^ oxide freei’rom argentous oxide. A few drope 
of pure potassium permanganate' added to the argentic oxide suspended in water, 
prevent we forixiatfon of ar^hljm oxide. ■ m to bo employed .’for each ^ 
p^nmnt is fllt^d wkien required, and th;d^ugh^ . 

Bromine and iodiitb ate demined in: like manner. The method 
^er, been y^ applied to the estimation of of the halogen sal^Y 

been observe that potassium iodide, whra- )bOflm with potasrium 
completely oxidised info iodate. This faciiitates the deteotion of smaS quantl^^j 
^orine and bromliie in pres^ce of mu<^ iodide. The part tl^ 

be 8epii^t^;^|j||p , by nit^fo before 

The ftcad: .smvtumii Ajj^oy^ jfontain more thaa onorthii^ of 
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Tslentof liTdrochlorie or «n]p1iuTic acid jMrlitte. The etrength ntfy'^-dotatmined 
by means of pure potassium carbonate or ignited potassium sulphate. 

An apparatus for the quantitative analysis and synthesis of gases and vapourSy 
chiefly for lecture experiments, is described by £. Mulder (Zsi^scAr./, [2] 
Tii. 2). . 

An apparatus for gas-analysis, similar in principle to that of Frankland and 
Ward, but of simpler constroction, is described by J. Parry (Chmu Nem, xxiv. 282). 

ASniTBOK. — This compound is the methylie ether of anol or allyl- 

phonol (Ut SujppL n6). It has a specific gravity of 0'9877y its 

index of refraction is 1*5430 for the line A, and 1*6129 for H (Ghladstone, Chenh. Soc. J. 
[21 viii.^47). Treated vrith phosphortte pentaehlorule, it yields phosphorus trichloride 
and chloranethyl, 0*"H"010: 

+ pca* - pca* + Hca + 

^ . 

' Chloranethol is a light yellow liquid, whicl; solidifies at low temperatures, melts 
at 6°, boils at 258°, and has a sp. gr. of 1*1264 at 0°. The chlorine-atom is very 
intimately combined. By heating with alcoholic potash, HCl is removed, and a body, 
is formed which boils at about 240°, aad probablv has the composition C'*H**0, 
Chloranethol is oxidised by silver acetate at 250°, with formation of anisic adid 

Sodium amalgam scarcely acts either upon anethol or upon its addirion-pfoduct with 
hydrogen chloride, only a small quantity of a substance being formed, which bq|ls,at 
22d°-224°, and appears to contain the compound C*®H“0. ' 

With 1 mol. brominst anethol forms an addition-product, anethol dibvomide, 
G'®H*®OBr®, which crystallises in small needles, insoluble in water, soluble in ether 
and in (hloroform, melting at 65° (Ladenburg, Ann. Ch, Pharm, Supp. viii. 87)> 

AirCiaUHfls An alkaloid contained, according to ^Peckolt (Vwteljiahrssokr\ft 
pr, Pharm. xviii. 444), in Ferreira ^ectabUis (known in Brazil, where it is indigenous, 
as Anye^tn 7 >sdra), in a reddish resinous mass doposibod between the bark and the 
wood. This mass, which in soifie trees amounts to 20 or 30 pounds, has the following 


composition: — 

Cheknut-hrown rosin 3*64 

Extractive matter 6*45 

Angeline 86*84 ^ 

*' Angelinic acid (cryst. organic acid) • . . •1*28 

Acid potassium tartrate and chloride . . . . 0*06 

^ Bed colouring matter 0*42 

Gum with inorganic salts and traces of sugar . • . 0*16 

Moisture . . • . « ' • • • . • • 2*17 


100*00 

The angeline is extracted in the form of hydrodiloride. Genth Chem, cri.; 

116) regards it as impure^ xutanhine. 

JUmBRlim. On the reaction of various anhydrides with pho^hprus M’ 
chloride, seo that compound, under Fbosfuobus. 

AKBTDBZn. OaSO^-^Tlps mineral often occurs associated with gypsum and 
rock-salt, in such a manner as tomdicate that it is not a primary formation, but Jus 
been produced by dehydration of gymum. That it can be produced in this manner, 
especially in presence of sodium cnloride, has been shown by the experiments of 
Hoppe-^yler and of G. Bose,4)Qth of who4 find that cratallised gypsum, or selepito, 
]beBted jto 130° in a saturated ridution^ sodium chloride, is eonveited into a whits . 
opaque iiilfs made up of micje{|l^opi^f^<^ df anhydrite. Hose also finds 1^ 
its selenite bested for S short rime with solution of sodium eMqirldA ^i|i . ' 
^ converted on the edges into fibrous anhydritS. , FOwde^ 

M is converted into small prismatic cmtala of anhydme ; and iArl 
Ion of gypsum mixed with volume ^ concentrate v 

aporateiC yields nucrosepic cryslials of anhy 
t form of gypsum are found at 8ula on the ] 

;4871v032)» 

/• CAem. T. 324) obtmne crystals of anhj^te of, I 
bn of burnt g]^um in ve^ strong sulphuric acid, ; IQ 
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.Bulphtiric add dspi 1*82 dissolve at ordinary tempexfituies 1*992 parts of artificial 
and 1*968 d natural iuihvdrite. 

Anhydrite from tho Schafferotzmine, near Werfon, urhero it occurs in a bed two feet 
thick, accompanied by gypsum, has a specific gravity of 2*978, and contains 40*96 p.c. 
CaO, 68‘44 SO*, and 0*42 Fe*0* (Zephaiovich, Jahrbuck dL geolog, Eekhsanstalit 
ii. 978). ^ 

Anhydrite nodules (A) coated with gypsum (B), varying in size from that of a 
hazel-nut to that of a walnut; oociir in the rock-salt of Vizakna in Transylvania 


CO 

SO* 

H»0 

Cl 

Bp.gr. 

A 89-87 

64*73 

1*20 

0*72 

2*901 

B 3109 

46*93 

16*06 

1*50 

2*423 


Tho proximate composition of the nucleus and crust is— 


Gypsum • . « . • . 

Anhydrite . . . • • ' . 

. . -6*71 

. . 91*00 

76.44 

17*28 

fiodium chlorido .... 

. . 1*20 

2*48 

Excess of sulphuric acid . 

. 0*60 

1*26 


(Fosepny, VerKgeohg, Beichsaihstalti 1860, 140). 

AVX&m. See PKBMVLAHiiriiS. • 

Airxum COKOVSB. mss All attempts 

hitherto made to produce aniline-red on the manufacturing scale without tlio use of 
arsenic, or to dispose economically of tho arsenical rcsidnes, have proved unsuccessful. 
As, however, only a small proportion, -not more than one-tenth of tho rosanilino 
manufactured is used for dyeing, tho greater part being consumed in the preparation 
of other 'aniline colours, it is very desirable that these latter should be obtained from 
other 8(^irco8. 

The process of Girard and De Laire for obtaining diphenylamine blue by heating 
diphenylamine with carbon trichloride is said to havo proved conunorcially successAil, 
and the same chemists have obtained, without the use of amenic, the viedot colours 
usually produced by acting on rosanilino with alcohoUc iodides, tho proceju consisting 
in oxidising the secondary monamines, methyl-anilint, methyl-toluidine, &c. They 
expect also to bo able to produce a green colour in a similar yrBj^ComgU fmd» 
lxxiv.1660). ^ . 

New Sources of MethyU and MhgUanUine^^lii^ tho process of manufacturing thtf 
Hofmann violet by the action of ethylic or methylic iodide upon rosanilino or om of 
its Salts, there is always jnroducod a considerable quantity of a dark-coloured resineus 
substance, which has received the name of * Hofmann gum.’ When tho water is 
expelled from this gum by fusion, and tho residue is submittod to ddstructive 
distillation at a higher temperature, it yields nearly pure methylaniline or ethyl- 
aniline, according as the gum has been derived from tho methylic or ethylic iodide. 
Tho mothylanilino is an oily body boiling at 200% and forming pe^nently liquid 
compounds with acids. With arsenic add it furnidies a reddish violet dyo, which 
may bo converted into the bluer shades by the Hofmann process,^ Tho othylaniline 
boils at 206^- 210% Both tliese oils, when heated with xbsolic acid or rosaniline, do 
not yield Girard’s blue, hut change slightly towaids^vmlet and then suddenly become 
decolorised (Spiller, Proc, Boy^ J£g, xxi. 204). 


Tinctorial Bower qf Aniline Cb/ours.’— A solution of 1 part of a rosanilino salt in 
a million parts of water containing acetic acid still ^Kshibits a deep crimson colour. A 
skein of silk moistened with dilute acetic acid is instratly dyed a fine red by this soluticm. 
In a solution of 1 part rosaniline salt in 26 million po^ of water, tho red tint is still 
vciy perceptible, and silk drop]^ into it is dyed light red in a quarter 6f an hour. 

l^ith ° t 1 AA .mmAaa .4-Ua offoinArl a.fl 


ft4n 100 nHlUon paita qf water, the limit is attained at 
-^ ittdierlolution appear quite eol<nvleM 
inches), A silk » 

>, than tw 


a solution of 1 part of 

whi(^ tho colour is still visible. Thin flhi# 
thatint being perceptible only in t^dc ta 
popsod in su^ a solution acquirsfi iH ii4i , _ . 

liquid. This ^enamimon points tp a jtatc cf the 

^uoneb of wnieh, currinta are eAablished in thr apparently mcitii 

Id carried successively 


in this manner t 
thread. 
of 100 


ind £9diue-gieen are still risil 


wne ; but they are;iij% sbirell adapted as the red for these limit 
inudi as violet and Ireen ih the dilute etate approadi more nearly w,, 
^ on booking thVough considoiEjable ithick&eesea o^ woe wat« 



74 ^;A$iILINE COLOURS. 


6b2om of Boi^nUine salts exhibit by tiansmitted 
light a deep pm^le-red ; their larger crystals reflect a splendid canthauddes-greon— 
tm> tints coinciding, according to Doro's experiments {DmU Chem, Ges, Ser, iii. 
060), -with the complementary coloura of ft plate df gypsum having a diffbronce of 
of a vavo-length in polarised light. A concentrated solution of iodine-green in 
alcohol loft to evaporate on a glass di.sh leaves a homogeneous transparent varnish 
-which transmits a splendid greCn light, and exhibits by reflected light a highly 
characteristic red copper lustre, -which comes out -with peculiar brilliancy on friction : 
these two colours coincide, according to Dove, -with those of a gypsum lamina having 
a difference of £ of a wave-length. On -warming tlio glass plate, the green posses into 
violet, and the reflected tint becomes brass-yollow, corresponding, according to Dove, 
with a difference of £ to | of a -wave-length (Hofmann, Detit, Ckem. Ges, Ber, 
iii. 660). 

Valuation of Aniline Two-tenths of a gram of the particular colour in a 

pure state is to bo dissolved in 1.00 c.c, of Qollodjon, and the solution poured over a 
clean glass plate laid at an angle of 60®. . An equal -weight of the material to be 
valued is to bo dissolved in 60 c.c. of the samo collodion and a drop or two poured on 
another glass plate at the same angle. If after drying the two films liavo an equal 
depth of colour, the material obviously contains 60 per cent, of pure colouring matter; 
if, however, the second film be darker, the solution from which it proceeds is to ho 
gradually lot down, by addition of measured quantities of the collodion, till it gives a 
film of the same depth of tint as the stanchird. '^he number of cubic centimeters of 
collodion employed in all expresses the percentage of pure colouring matter (A. Muller, 
DingLpolyU J. ccii. 468). ' 

Advlteration of AnUine Cdours, — Bronze powder and crystals of sugar are fr^uently 
used for this purpose, especially for adulterating fuchsinc. Bronze powder is easily 
detected by its insolubility ; sugar by spreading the sample on a sheet of white paper 
and examining it -with a Ions. The pure crystols of fuehsino are recognised by their 
acicular forms and by appearing red (by transmitted light) at the edges only. The 
appearance of more rounded crystals, especially of such as have a garnet or faint 
amethyst-red tint is suspicious. Such crystels should bo picked out and heated on 
the pointof a< simtula, when, if they consist of sugar, the characteristic odour of 
caramel -will bo given off (W. F. Gintl, BwgX, pdyt, J, cciv, 168). 

On the constitution of aniline colours, see Zulkowsky (Wien, Akad, Ber, lix. [2] 
4>. 183; Jakresb, 1869, p. 608). 

Beduction (EnUnage) of AnUinc This nu^be effected by zinc-dust, as 

follows : 100 ports of zinc-dust a;ro very intimately mixed with 60 parts of a gum 
solution of 20 Bm. and 20 parts pf a solution of sodium thiosulphate of sp. gr. 26^ 
Bm. are added. The dyed fabrics are printed -with this mixture,: then dried and 
steamed, and lastly washed with very weak hydrochloric acid. 

Aniline Blnok. The various kinds of oil which are used for the manufacture of 
aniline black never consist of pure aniline, their compositipu varying -witli their 
boiling i^ints and specific gravities. Those . anilines ordinarily consist of from— • 
(a), 6)0 to 66 per cent, of a product boUing between 180® and 186®, which mi^ be 
regarded as almost pure aniline. (6) 18 to 22 per cent, of a product boiling xroin 
186® to 192^, which xnay be considers to be a mixture of aniliuo .md toluidine^ ^(c) 0 
^ per cent, of a proAie^ boiling from 192® to 198®, which is toliiidino ; and (d) 4 to 6, 
per cent qf other |)roducts, as xylidine, cumidine, &c. ^ 

The specific gravities of the above fractions are about os follo^ :r- 


(fl) From 27fi® to 3’4®, BaumA * 

(6) „ 1*6® „ 2*1® „ Pure . aniline of Ooupief, 3'6^ Bai^A 

(e) „ 0*6® f, 1® „ Ordinary toluidiho, 0*88® „ 


(if) about 0^6® Fseudotoluidine, O'dO® „ 

; oil qf OottpiM, as also i^oducto boiling' from 180® to 186®, yi^ 

[hnliiant blades. Fseudotoluidilie, and the products boiling from 186^:1^ 
; blade with a blue slmoe^ i M 

above 192®, gave unsatisfactoitf sha&s between brown and bla^^C. 


above 192®, gave unsatisfactoi^ shacks between brown and bla^^C; 
testing the quality bf aniUne for Ihe fvodaorion^of w 
ajpw^ g^vity afford important indications. .Fw quidt detenniila^O^ 


may. be used with advantage. 

2® to 3(® p., if not wilfully i 
irnm generally contains nitro-bi 


r. 2® to 3(® p., if not wilfully adultmted, will yield 
tB. >it generally contains nitro-bensene ; apd at les9 than 
umdinei which 18 decidedly iqjuiioui. ' ' 
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Fractional distillation gives a still more accurate idea of tho value of the oil, the 
quantity coiding over between 180^ and 190^ being taken as the measure. 

Tho value of a ^von sample of aniliuo oil may also bo estimated by comparing the 
quantity of it required to piwuce a ^ftain quantity of black dye with the quantity 
of pure Coupler’s aniline required for the some purpose (C. Hartmann, Dingl. pdyt. 
J. ccii. S8t>)> 

A. Miiller cci. 363) prepares an oxidised aniline-black by dissolving 20 grams 
of potiiasium clilorato, 40 ^ams of copper sulphate, 16 grams of ammonitim chloride, 
40 grams of aniline hydrochloride in 500 c.c. water, warming tho liquid to about 
60*^, and then romoving it from the water-bath. In about throe minutes tho solution 
fi'otlis up and gives eif vapours which strongly attack tho breathing organs. If the 
innsH does not become quite block after the lapse of a few hours, it is again heated to. 
60*^, and thou exposed in an open place for a day or two, and afterwards careflilly 
washed out till no salts are to bo found in tho ditrate. tFor use in printing, the black 
msto is mixed with a somewhat large quantity of albumin, and the goods after print- 
ing are strongly steamed. The paste can be pressed into moulds and used as a sub- 
stitute for Indian ink. When tlioroughly dried in vacuo it appears as o black powder, 
which contains 39*28 p.c. C, 7*41 H, and 7*41 N, agreeing approximately witli the 
formula which requires 30*78 C, 3*86 H, and 7*72 N. 

According to H. Hhoinock {Dingl. folyt. J. edii. 485), an equally ^od black may 
bo obtained without the use of sal-amiqoniac. On mixing equal weights of aniline 
(containing toliiidino), hydrochloric acid and potassium chlorate wiUi a minute 
quantity of cupric chloride and a sufficient quantity of water, and leaving tho 
mixtiiro to evaporate spontaneously, a black powder was obtained, which when 
washed with watci*, burnt without residue. 100 parts of aniline thus treated yielded 
1205 parts of aniline bl^k. .With pure' aniline oidy 114*8 p. c. of black was obtained, 
and it was of very poor quality. 

Eheincck finds that aniline -black is a powerful base, and proposes to designate it 
by tho name of Nigraniline. Wlion any fabric is immersed in the mixture above 
described, it first acquires a'dark green colour, but after (rcatmont with alkalies this 
colour changes to dark violet. The dark green body is the hydrochloride of tho anilino 
black, and tho dark violet body tho free base. With soda or ammonia, 8*9 p. c. of 
hydrochloric acid can bo extracted : therefore the molecular weight of the hydrocblorido 

is about 100 x » 410, and that of the free base 373*5. This base has the power 

of abstracting tho acids from tlie salts of aniline. A small piece of cotton, on which a ■ 
very tliin layer of the dark violet colour is brouglit, is immediately coloured green by 
iinilino hydrochloride, oven in prcsonco excess of aniline. A piece of cotton 
moderah'ly coloured with aniline black is a good tost for the presence of free acids or 
alkalis, and the same piece may be used sovoral times without losing its colour. 
Wlion turned green by an acid, it should be well washed with distilled water, when it 
will ho found to change quickly -to violet, in presence of an alkaline solution os weak as 
that found in spring water. The black-green bodv (not proviouslv treated, with alka- 
lies) treated with concentrated sulphui'ic acid, gives on hydrochloric acid gtt, and 
fields a violet solution, which on evaporation leaves a black-green residue, doubtless 
tho sulphate. 

Acti^ of various Metals in the Production of Aniltne Black,-~-‘ThQ presence of copper 
in some form has hitherto been regarded as essential to the £j||i^tion of aniline- 
hlack ; indeed, all black colours believed to be formed in the ordjna^ processes without 
the aid of co|^r are said to owe their formation to its presence in die vessels in which 
they pe prepared, or lin the rollers emplqyod in printing. Mere traces of copper are 
BufficiGnt to produce ^ bli^k colour, but tno presehce of this metal in some quantity 
is generally regarded as indispensable. Cupric sulphate wm first used, but for various 
reasons was subsequently replaced by the sulphide. 

Lightfoot, however, finds that tho copper in this preparation may he replaced by a 
fw other metals. A mixture of basic aniline hydrochlpride a/mmoniufh chlorate^ 
thickened witli starch, was printed bv a wooden roller bn -well bleached cotton^ and 
whilst the fabric was still dunp, the fonbsriiw metals were brought in contt^^jri^h ift 
and allowed to romiSlii so fo^ 15 minutM i-^ui^per, iron, vahadjiiiQ, uranium, uekel, 
load, zinc, antimony, tin, inieuiganeso, chz^in^ p» wtb, anenio, titamuih;\ tungsten^ 
ca^^um, tellurium, mo^bdenum, mer^hrjr, silver, gold, platinumi pdkidinm, 
indium, aluminiumt osmium, cobattv mthemum, tmulium, mb^esium, 
lanthanum, didymium, erbium, yttrium, selenium, tantalum, hiobiutm After this, 
JJie fabric was hung; up iu a warm and damp place for 12 hoursi and then temd 
tlirouffh an alkaline bath. = The result was ;^at the b^t bhpeh^^^^ 
vanaffium, next with copper^ then irith uibnium, and Isriily imth j 
metals give either Very littte cblpiir, « A sbteirrigfi boA i 
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pre'Hously found to have no effoct» urore shaken in • bag with some copper coins, and 
tken placed in contact with tiie piece of cotton, when the sovereign placed a groy^ 
and tho shilling dn almost black tint {IHngl, J. ociii. 483). 

Dyeing of Cotton Fabrics with 4nilinc‘hleck Porsoz, BtilL Soc, MM, de 
Midhi xlii. 47 ; Dingl. polyt. J. cciv. 491).-“In dyeing these fabrics black by 
immersion in a bath of potassium dichromato and an anilino salt, considerablo difh- 
cultjr has boon experienced in regulating the strength of the solutions so as to produce 
a uniform tint. If the solutions are too dilute, no black is obtained; if they aro too 
strong, it is precipitated in the bath instead of on tho fabric : and if to retard tho 
precipitation the solution is cooled to 0^, anilino chromate crystallises out and makes 
spots on the cloth ; and when the influence of tho low temperature is removed there 
is danger of tho cloth taking fire in the neighbourhood of those spots from the reac- 
tion between .the elements of the chromate and the organic matter. 

These difficulties may bo overcome by sprinkling the solutions, either successively 
or together, on the cloth, by means of a horizontal brush made to move quickly up and 
down, tile cloth being tightly stretched and passed under it at a uniform rate. In 
working in this manner the production of tho black cannot take place till tho solutions 
are intimately mixed in the cloth and the latter is well soaked with the mixture. 

The aniline salts best adapted for the purpose are tho acid sulphates, nitrates, and 
hydrochlorides ; * neutral salts do not give a good result ; neither can the ocotato, 
oxalate, or any other organic salt be used, llie acid sulphates give a reddish black, 
whilst tho hydrochloridei and nitrates give a black with violet or blue lustre. A 
mixture of equal volumes of the disulphate and dihydrochlorido gives very good 
results. The dichromate must be used, in rather strong solution, not less than 80 
grams to tho litre. 

The method above described gives flrst a dork green colour, which changes to pure 
black when the cloth is washed in water, and then passed through a hot soap-bath. 
By printing the cloth with resins or fats previous to dyeing, white patterns on a 
bladk ground may bo obtained. 

Lauth {Moniteur sdcnUfigiie^ xi. 600 ; BvlL Soc, Ckim, [2] xix. 437) has invented a 
process for dyeing and printing all vegetable and animal substances with aniline- 
black. Cotton, linen, hemp, wood,' &c., are first mordanted with a manganous salt, 
then passed through a hath of caustic soda, and afterwards treated with chloride of 
lime to peroxidise tho precipitated manganous oxide. The mordanted fibre is then 
washed, and immersed in a ..hath of 1 litre of wate^ $0 grams of anilino, and 
100 grams of hydrochloric, or 150 of sulphuric 'acid. Tho green colour at first 
produced is changed by treatment with alkalis or soap to a deep black, which maybe 
further intensified by treatment with potassium dichromate or with salttr^bf copper, 
chromium, or mercuzy, especially with a mixture of potassium chlorate, copper 
sulphate, and sal-ammoniac gram of each to the litre), l^istly, tho dyed material 
is washed with water and boiled with soap. 

On wool, silk, leather, hair, feathers, ivory, &c,, tho precipitate of manganic oxide 
is produced by immersion in a solntion of alkaline manganate or permanranate, ^ho 
remainder of tho process being the same as above described. By varying Uio concen- 
tration of the mordants and St the dve-bath to which also other bases, such as tolui- 
dine, cumidine, naphthylamine, may be added, groy-bluo and brown-violet tints may 
he pcoduced. 

This process gives fine permanent blacks, but the mordanting is somewhat trouble^ 
some, and the black nbs off a little. 

Qonin ^ Glanzmann {Monats, sci, xi/' 802), employ the following mixture for 
printing a pure black on silk and woolt^lOOO g^ms of gum-solution ; 100 potassium 
chlorate ; 100 ^-ammoniac ; 250 aniline hydrochloride ; .125 aniline nitrate of 60° 
Bm. If the thickening material be partiy or wholly omitted, the mixture may be 
111 ^ for dyeing. > x 

[ Mm fttr SMnHagc A blue paste for printing may bo prepared by 

nrixing 100 grams of stietreh with a litre ^ imter, and admng to it while warm 40 giame 
of potassium chlorate, 8 to 4 grams of ferrOus svUphate, and'tO grams of sal-ammoniac. 
Hie well-mi^ paste, when quite cold, is mixed with 70 grams of aniline hydrochloridCi 
or an ejlLiT||ient Quantity of the tartrate, and immediately used. The printed 
are oxito8ed,4^niim through warfli or ikintly alkaline water, whereby the 
colbar is doTdnil^r(Blumer-Zweefel, J*. cdi. 103). ; .5' 

■ / . ■ ■■ ■ i- ,v ■ ^ ■ . 

V * irile acid salts is contrary to the axporlenoe at Iilghtftiot, who ui^.bfwk 

salts (vide m). AaM'SPpper salt is added in ttia process of PerB 0 a,it is po^ble that tip tiW 9f 
, ^ of copper from the vessels, 40.^ with which the solatloap fi^ 
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SttlpbOAPtAs of iUiUlao Vlfiio* (Bulk, IkuL Chem. Ges, Ber, v. 417.) Four 
different acids avo obtoinod by tihd action of strong sulphuric acid on aniline blue, 
viz. : — 

]. Tnphmylrosamline-monosvlphonic acid, Q^*®(C*H*)l.(C®IIJSO*H)N*, is fomied 
by dissolving triphcnylrosaniline hydrochloride in strong sulphuric acid and heating 
tiie solution for fivo or six hours. On adding water, the sulpho-acid is obtained as a 
dark bluo bulky precipitate, which, when ^Qd at 100% appears as small grains 

having a motaluc lustre: 

+ H=SO^ = C“B:**(C»H»)*.(C*H<S0»H)N* + IPO. 


This acid forms with the alkalis, salts which are easily soluble in water ; with the 
earths and heavy metals, sparingly soluble salts. The sodium salt 
(C“H^SO*Na)N* is known as ‘ Nicholson's blue.’ It is obtained perfectly pure by 
digesting the acid witli a quantity of soda-ley not quite sufficient for saturation, 
tiltori iig the solution, and evaporating. liri ed at 1 00°, it forms a’groy-black amorphous 
mass, which dissolves easily and with blue colour in hot water. — Tuo ammonium salt 
obtained by dissolving the acid in ammonia, gives off' a large quantity of ammonia 
when evaporated over the ualcr-bath, and tlie residual colouring matter effloresces in 
rolled-up feathory masses, which move briskly about after drying, probably ih conse- 
quence of a chaijgo of crystalline form. 

The solutions of triphenylrosaniliDo-znonosulphenatos^ are but faintly coloured ; 
the colour comes out with great intensity on acidulating the solution. If tho 
solution is acidulated with acetic acid in the cold, tho colouring matter remaina 
unaltered; bub it is precipitated by acetic acid from hot, and by minornl acids like- 
wise fnjni cold solutions. Wool dipped into the hot aqueous solution, especially if 
borax or water-glass bo added, extracts the salts in the colourless state, and holds 
them so fast that tlioy cannot ho washed out by water ; but, on dipping tho -wool thus 
prepared into an acid, tho salt is decomposed and tho colouring matter is set froo, 
with its full liistru and great tinctorial power. 

Under tho influence of reducing agents, tho triplienylrosaniline-sulphonatos are 
easily converted into tho corresponding leucaniline. Thus, on digesting tho sodium- 
salt with excess of ammonium sulphide for two hours at 100% and adding hydrochloric 
acid, Leucanilino is separated as a white flocculent pecipitate, easily soluble in acids 
and in alcohol, and roconvertod by oxidising agents into the original compound. 

2. Triphcnylrosauiline-dmf^honic acid is always obtained, togethet with the tri- 
sulplionic acid, w'lien a solution of triphenylrosanilino hydroehlorida is digested at 
60*^ for five hours with a sixfold quantity of sulphuric add. On pouring the solution 
into wateiv the greater part of the colouring matter is precipitated in bluo flocks con- 
sisting mainly of the disulphonic acid, whilst the trisulphonic acid remains dissolved, 
forming a liquid of fine', bluo colour. 

The disulphonic acid is slightly soluble in water, insoluble in acid liquids. Its 
salts are more soluble than those of the monosulphonic acid, less soluble than those 
of the BulphoTiic adds of higher orders. Those of tho. alkali-metals are easily soluble 
in cold-water. Tho sodium-salt is known cmamercially as * soluble blue.’ These of 
the alkaliiio-carth-metals and heavy metdls are mostly slightly soluble blue 
precipitates. 

TriphenylroaanUine-frisulphonic acid is precipitated on adding hydrochloric acid or 
commou salt to the blue liquid filtered from the disulphonic amd, in a mass of fine 
iiocks. It is soluble in water and alcohol, and forms oaSfil^ soluble salts with 
Jilkalis. . ' 

^pieufflroviniliw-teiratulphotuc acid, tbe highest nitpho^id of the wrie., i. 
obtained by digesting aniline blue in ten times its volume of fuming sulphuric add 
at 140° for soiiie hours. The product, poured into water, forms a deep blue solutionj 
fi-om which the excess of sulphuric acid, may be removed by lead carbonate. The 
filtrate ovaporatod to diyness leaves, tho leaq-salt pf the tetrasulphonic add, whichjr 
when purified by soluuon in a smalt quanttly of wattir, prec^itation with alcohol, 
“^*ying at 100», ht« at 

The arid dissolTB. eafnlf' in mter. lominlt n 'hlne liania irhiah Aii. vn in the 


wat«r-bath to a metallically li^itirous amorohoi^ mass : tne Mlts wlijch i^fiM 
the alkalis are easily soluble in water, apd.disiolyo with.brOwn-red^^dar in 

liiVATi tliA llAAirv mafjil aftTfA'Aitn m/vYAnafAlv oaIiiMa 


:the6ilvi 

----- uu uuiiing,' wiw aeposicion or a suvor Bpecniuin*> 'rfoBfc of these tetw 

suiphonates are procipto alcohol their sqLueoua soiling Silk inuEd^ 
in tim alkaline Or. noutrtf soltttidh j^moves Uiai^Ouriag 
th^diaat«a^naon;!ii[^-^ ^ 


f opiUDio lu wacer, opa.aisso^YO wiw. DTOwn-re< 

t)i the alkali. Even the heavy metal salts' are moderately soluble 1 
sn It decomposes on boiling, with deposition of a silver specnlp»*> 

tiUlpnOimteB aVA Tmwtitnf'Jl.fAil tliafw’amiAntia aAtniiSi 
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obtftiaed in a umilar mannBr to thoso of aniline-bluQ, to vliich they aro closely 
analogous in pbysioal and chemical proportios ; but they are somewhat more difficult 
to prepare. A moiiosulphouic acid ot ethylj^henylrosaniline has also been obtained. 

Aniline Grey is prepared by prolonged heating of 1 part of aniline with S parts 
liquid arsenic acid (? anhydride). The crude product is treated with a boiling mixture 
of 20 parts water And 6 parts hydrochloric acid, tlum filtered, and the uiiclissolvod 
portion is washed witli water, then with dilute solution of sodium carbonate. The 
■ colouring matter Is dissolved in alcohol jnixed with xV-h part of sulphuric acid, 
or silk may be coloured directly by very small quantities of it (Bloch, Monitw \ 
xi. 71 )• 

Anillna Kacqueni. h . Springmiihl {Dingl ydyU J. c.c. 221) prepares these lacquers 
by mixing alcoholic solutions of various rosins with suitable aniline salts possessing 
the requisite tinctorial power. Bleached shelhic, mixed in some ciisos with otlior 
resins, is dissolved in spirit containing 90-05 per cent, of real alcoliol, by allowing 
the powdered resin to digest nt a gentle heat in close vessels for about 21 hours 
before filtering through asbestos, lliluto solutions are concentrated on a water-bath. 
Sandaiac added in small quantity increases the elasticity and durability of the lacquer, 
and oil of turpentine increases its lustre. Otlier resins are sometimes added, accord- 
ing as they suit the colours. A concentrated alcoholic solution of the colour is pre- 
pared separately, and added to the lacquer just before it is used. The objects to be 
coverod with coloured lacquers sliould bo bright and clear, and not too tliick. Mica 
is treated in its settings, and, like glass, previously heated tO about 80^ C., to cause it 
to receive an uniform lacquer. 

Aniline-violet is dissolved in tlie strongest alcohol ; a few drops of acetic acid are 
added, and the whole gently heated with the alcoholic solution of the resin, so as 
not to produce any turbidity. The intensely coloured solution of the locqUcr is then ' 
placed on the warm glass or mica, and is loft to drjr in a warm place (20® to 25® C.), 
till a clear and smootib, .but intensely coloured coalbing has been formed on it, whicli 
is not affected by water or air. 

Aniline-yellow, when transferred in like manner on transparent objocla, W in 
intensity. This can only bo supplied by repeated coatings, geuerally, however, at the 
expense of unifinmutv. 

Anilino-blno hiay be prepared in several ways. By boiling a shellac solution con- 
taining magenta with sodium carbonate, a blue lacquer is obtained, which is, however, 
little suitable for covering glass or mica, as the lacquer shrinks on drying, owing to 
the sodium carbonate retaining water. A shellac solution containing magenta, when 
gently heated on a glass plate, likewise turps blue, but the transparency is impaired 
by numopous small blisters ; and it is best to use pure commercial aniline-blue dis- 
solved in the lacquer, whotiover it is desired to coat delicate articles, such os speetaoles 
and other glasses, with a fine blue film. ^ 

^gento produces with shellac a brilliant and perfectly transparent rod, provided 
It ims not to bo exposed to a high temperature; the colour acquires considerable cou- 


.CT. ' irom magenta oy Uio action of nitrous acjd, is omployod in a 

account of its solubility in 

alcohol. Jt cannot, however, bo heated above 100® C. ^ 

modorato quantities to the Iftcquer; 
^^ucoe a taght lustrous and permanent covering ; coralline a lacquer acted u^u^by 
bght Emdhildino and othylrosamline-greon iould bo dissolved mst 
bp^ht together with the concentrated kcquer. just before 

Nearly all tailine colours may thus be employed for locouors nwnridad thai 
pure and do not contain too much water. They are for the most narfc 

IS™*!?? '*"'1 rZX such 

-nica byompjoyin^g ioU 

quanUties of aniKno d™. by tMttna of ijBlWi 

tio^te in tMckae« to L concontratioo <rf ri^^Soo“ompTo^"‘ . 

m.«^yl,ko^_b.eo.tedov„with^^^ 


translucent, the hthers transparent. In case of ffiilnrli 

aitttWM of aqibBA soloon and lonoa fa alccJwUo ooIntioB fa,^ 
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coloring paper, leather, linen, &c,; but an easily 'soluble lake must be employed, 
and for equal j>bu]ks^ alcohol used in dissolving, much less of the resin containing 
the lake mns't be taken. Tho colour may be applied to the yawr as a pigment, 
or the paper may bo soaked in the solution and hiing up to dry (Springmuhl, ibid, 
ccii. 382). g'* 

jkSrXNLAJa ORaAirXBM. On tho utilisation of certain inorganic constitueuta 
in the animal body, seo NuTiimoir. 

MTIMAA PBOTSZDB* Seo Fboteids. 

ASrZMAXi 8TABCB. Soo Starch. 

ASratKAXi 8U8BTAXrCB8. On the incineration of animal substances, sec Ash. 

On tho question -whether phosphorctiod animal substances give off phosphorotted 
hydrogen diu'ing putrefaction, see Putebpactioh. 

AmSBTS>BAXrzZin>B,C>«H>>NO » I ifiO°ioric with methyl- 

Hnlhydraiiilide (seo Sai.icylol), is obtained by mixing anisic aldehydo with 'aniline. 

Tile, mixturo is clear at first, but soon becomes turbid, and separates into -water 
iiiidfa lower layer, which when freed from excess of aniline, forms a yellow, scent- 
less, tastolcBS, neutral oil, solidifying after sevcml weeks to golden-yellow, fatty 
crystals of auish 3 'dr.anilidc, easily soluble in alcohol, ether, and benzeno (Schiff, Ann, 

Ch. Pharm. cl. 103). 

ABX8ZC ACZD. Qm^O*.^Meth7jUamidani8ic acid, C*H;>N0» . C»H»(NH.C1P)0», 
isomeric with tyrosine, is formed by tho action .of methyl ic^ide on aiuidanisic acid. 

It crystallises in slender white nce<llcs, s^iaringly solublo in water, ether, and cold 
alcoliol, but froely solublo in hot alcohol ; melts above 200°. Jt unites -\yith hydro- 
chloric acid, forming the compound C*H“NO*.HCl + IPO, which crystallises in very 
Hinall narrow plates, ^freely soluble in cold wator and in hot hydrochloric acid, 
sparingly in cold hydrochloric acid. Tho silver salt is a white granular precipitate 
(Griess, Deut Clrni. Get, Her. v. 1042). ' 

On the Action of Ammonia on NitrmUioAoid, see AmDonsHKOic Aon> under Benzoic 
AfID. 

AWSSXO AXiCOBO»,C'H'*0'>:O'H«|Q^3g.~Tbe following diNctions fat 

obtaining this alcohol in the pure stato are given • by Cannizaro (Giurretta chimica 
iidimia, ii. dl). Anisic aldeh^i^prepirod by Bossors method (ls< Suppli 172), and 
purified by combining it -with acid so^um sulphite and decomposing tho resulting 
compound with potassium carbonate, is tnizod -with throe volumes of alcohol and four 
or live volumes of concentrated alcoh^ic solution of potash, and allowed to staild for 
some hours. When the mixture ha|^lbec!omo solid, water is added, and tho alcohol 
removed by chreful distillatiqii Current of ste^im. The residue, when cold, 
(hq^sits an oily layor of impure an]'f^.^ephol, tlie clear, supernatant liquid consisting 
of an aqueous solution of potassium hydiBte and anisic alcohol, from which tho latter 
]n;iy be removed by agitation with The residue left on ovaporatihg the ethereal 
solution yields anisic flleol^l when submitted to fractional distUlation, tho portiona 
which come over between $$0° 4nd 260^ being collected apart. The first portions which 
come over should bo tosM with acid sodium sulphite, and if they give indication 
the presence of anisic aldehydo, must be ^^in submitted to the action 6f alooholicr 
potash. Tho alcohol, whep purified by OuMl fructioiial distillation,' melts 
to 25°; by repeated distilladon, however. It becomes oxidised and Te^nvorted^i^to 
anisic aldehyde. Long contact with alcoholic potash at an elevated taihpemturn v ' 
flucos a change in this alcohol similar to that which ben^lic alcohol undergMil 
methylated cresol being formed, Whose b<filing point' is 174°. " 

Meth^l-aalicylie alcohol, C^tPO^, isomeric with anisic alcohol, is prepared fronii 
Buligenin, Cfll^CH‘OH.OH, by adding, to; ft a molecule of potassium hydrate dijs* 
solved in methylic alcohol, aM subsi^ueutiy digesting tho mixture -with m^ylic 
iodide. When the acrion' is tenminatod,. solution of potai^ is added and 

the motliylie alcohol removed by distlijittioA iu«Afiurroatof steim ; themel^lsalicylic 
alcohol can then be entcMted from the rei^ue^lb^ a^tating ft -with ether. Ae impure 
alcohol left on the evaporaUon ^ the otheI^ s3lfi^ » ^ submits to fractioiial 
distillation, collecting Opart thct poitioU 

The boiling point of anisic 

258‘8°’(oorT6eU&), aud’t^t Of a ^ 

C snra of 7^0*0 ni|ii« Anisic Alcohol 
a dentil^' ^;''i?ldQ8i At 20*80^ 

inaintainAitt: - 
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and etliari but gradually thickens and becomes semifluid : in one oiperiment it 
solidifl^. Its density is l'd89 at 0^ and 1*0632 at 100*^. 

The indices of refraction of these two isomeric alcohols have been determined by 
Blaseriia (s6ed. 60), for four lines of the spoctnim, at the tomperatiirea 28°, 20°, and 
30°, The following table exhibits the values for tBo temporaturo 28° 



0 

D 

b 

P 

Anisic Alcohol : 





Sp. gp. 1*100.34 at 25*85° . 

„ 1*10890 „ 27*15° . 

1*63813 

1*53802 

1*54308 

1*54301 

1*55003 

1*55080 

1*55504 

1*65576 

Methyl-salicylic Alcohol : 





Sp. gr. 1*12009 at 23° . . 

„ 1*12007 23° . . 

1*53951 

1*54046 

1*54440 

l*o4o34 

1*55201 

1*65310 

1*66703 

1*55796 


Denoting the indi:e8 of refraction at a given temporaturo by », n\ and tho donsities 
by rf, wo may enquire whether tho well-known foimula of Laplace : 

w* - 1 m'» ^ 1 • 


holds good with regaM to these isomeric compounds. 

?" the second portion 

of the methyl-salicylic alcohol, which are regarded as the best, give : ^ 


for f *26*85°, d* 
and for <=28° 


= 1*10038 ; d'=M176 

»'= 1*54046 for tho line C. 


S eiv™«=l-Mn7. whoroas tho obsorrod 

laluo of « is 1 53813 , the small diiTerenco between tho observed and cnlcuIaAd 
values IS most probably due to slight impurity in one or both of tho alcohols. 




tiino to 120° iSoo'* ^ mol L heated togithor fop some 

of ahiniag noadlaa. melting at i1o«. TaLlS'ak^ * 

from aquoonB solution by alcohol. ** ** Bteohol and ether, and preapitatM 


howairo^irug^bo*i^sSarfmm”iJt jsomponnd C«*H^O’, irhich 
ether. It hkewi^ SSg SleStej? " r’""® » 
comimunds are decomposed by liKSe^ S ? ® 

but they are not altered by potaS even af seTpsiratiou of anisic aldehyde, 

mrrn. cliv. 80). ^ ^ teat (A. SchusUip, Jnn/cA. 

AmsoXip C*H*0 ss C*HVOGTT*^ j *' ^ j 

piniteinM(d,0iH\N07.0ck* heited^^hlo.1*^ ®“ 

for tl^ orfonrhoureto HO‘>_120'’ oxchanoM. ® in aodad tube* 

« <*™‘«®i‘Iob6naonB te dwS™ NIP. and ja cmi- 

«ith the only dinitmniline hitherto known “ •^•“**** 

S^»«4>«Wpa»nitrolmnZme&8r ™ 

tho conetoubon represented by tho formnto: ” ' ^ dimteaniUne has, tbarefcMt 
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follows that the bodies abovo moutioned 

must be represented by the following 

forraul® : — 


1 

2 

2 

4 

& 

G 

Dinitranisol 

C« 

OCH» 

NO* 

IT 

H 

NO® 

H 

Diniti'oanisie acid 

C® 

OCH» 

NO* 

H 

CO®H 

NO* 

H 

Chrysaniflic acid . 


Nn® 

NO* 

H 

CO®H 

NO® 

H 

Dinitroi>Jiraoxybonzoic acid 
Triamidobenzoic acid . 

c« 

on 

NO* 

H 

CO®H 

NO* 

H 

c« 

NH® 

NH* 

H 

CO®H 

NH® 

H 

Triamidobuiizono . 

c« 

NH® 

NH® 

II 

n 

NH* 

H 


Tho clinitraniKol above Jiiontioncfl is easily converted by the action of a mbeture of 
nitric and sulphuric acids into trinitranisol, C''H*(NO*)".OCIP, identical with that 
vhich is well known as methyl pierate, hiasmiich us it is converted by potash into 
j.icric acid and by animonia into picramide, which may also bo formed by t|^o action 
of ammonia on picr^'l chloride. 

Now wliichever of the three hydrogen-atoms in tho dinitranisol may be rophicedby 
ilio group NO®, it is clear that tlio three iiitro-groups in the resulting trinitranisol 
mast stand in relative positions which may bo denoted by 1 ; 2 : 4, and tho same must 
1)0 true respecting tho throe nitro-groups in picric acid (H. Salkowski, Ihut. Chc'iiu 
Oes. Bi‘}\ V. 872). 

AVISOWrrBIK, C"IT»N0 = Uonry, Zeiltchr. f. Chem. [2] 

vi. 200). Produced: 1. Py dehydration of anisamido under tho inllueiico of heat. 
Anisamide melts at 137°~138°, and, when quickly licated in a small tubulated retort, 
distils gradually and almost without decomposition at about 205^, and sublimes in 
brojKl laiuiiim ; but, if Jieatod for some time abovo its boiling point, it is ywirtly con- 
vcitod into aiiisonitril, which distils over, more or less mixed with unaltered anisaniide ; 
the two bodies may bo separated by ether, which esisily dissolves tho nitril. 2. Py 
till! action of pcntii sulphide, or pcntachloride, of phosphorus on the amide. A mixture 
nf anisamido with the iicntichlorklo is distilled in a small tubulated retort passing 
iTito a condensing tube and provided with a thermometer. Tho reaction begins iit 
Oldinary tempemtures ; and on distilling tho mixture, phosphorus oxychloride pusses 
over llrst, the temperature then rising quickly to 250®-256®, where it remains 
consbint, and a colourless liquid passes over, which solidifies in tho condoiisiiig tube 
to a white cr^’stillino mass. 

Aiiisonitril sop<iratea from solution in ctlicr in shiniug crystals, 1-2 centimeters 
long, and apparently consisting of oblique rcctangnlar prisms. It has a pungent 
odour, dissolves very easily in other, is soluble also in alcohol, carbon sulphide, and 
paraffin oils, insoluble in cold water, but moderately soluble in hot water, from which 
it separates on cooling in tho form of small needles. It melts at 56®--57® to a coloiiv- 
Icss transparout liquid, which solidifies on cooling to a hard, brittle, crystallino mass; 
boils witliout decomposition under tho ordinary atmospheric pressure at 253?-254®. 
Heated in a sealed tube to 120®-130® with a moderately concentrated solution of 
caustic poftsh, it is converted into anisic acid (melting at 175®). Fuming nitric acid 
acts on it very violently; converting it into nitro-anisoni tril, C"H."(NO®) 

IcN^ > which crystelliscs from alcoholic solution in small nacreous noodles, iiisolublo 

in M'ater, Bolublo in alcohol, especially when hot, also in other ; molting at 149®-160®, 
and volatilising, when hoated a littlo abovo its melting point, in thin transparent 
laminoc. 

AWISintMIZO ACZSf C*H*'N®OS ia obtained on mixing tho cold saturated 
solutions of potassium cyanato and hydrochloride of amidauisic acid, .is a white 
amorphous precipitate; it is nearly insoluble in cold water, dissolves in about 2,000 
piirts of boiling water, and separates therefrom in delicate white noodles. The 
mciumaait Ca(C*H*N*0^)'‘* + 7H*0 is pcocipitated in stellate ^ups of white needles 
mixing tho boiling ammoniacal soli^tion of the acid with calcium chloride 
(Menschutkin, C%. P5ar«». ediji. 83). 

AiromBzni. See 

ABTBBAOnrAAmra, - 0»li»(KH*) (Phipsou, chemicat New$, 

^ obtained by treating mononitroantoxMone with tin and hydro- 

cluoric acid. The immediate product of the reaction is a compound of anthracenamine 
b} drochloride with tin chloriuo, from which the base my oe separated by polash, 
winch dissolves out the tin ; the omration must, howoircr, be repeal^ to get rid of 
Ibe tin completely. s , - . / 

Anthracenamine is a pale yellow powder, fonning solttblo and aystaltisable salts 
sulphuric and hyd^jiloric adit. It is ’ Very iiolubio 'in ah^nol, but slightly 
. 0 
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soluble in vater; its odour is very slight, aud its tJisU liot, pungeut, and persistent, 
very like that of the unknoivu substance "which exists in tJio Arum maculatum. It is 
easily decomposed. Its acid salts produce "with potiissium dichroinato a characteristic 
CTuerald-groen colour, and finally precipitate a po"wdcr of this colour which is soluble 
ill alcohol. This solution presents no inarkefl pcculiiirity when viewed in the spectro- 
scope. The reaction is as characteristic of authraceiiarniiio as the blue colour produced 
in similar circumsbinocs is of naphthylamine. It is not obtained, however, with 
lead peroxide or with calcium hypochlorite, but it is obtained "with concentrated 
nitric acid, 

AWTantacmrii, Fonmfion.—l. Tho formation of anthracene from 

dibonzyl (Is^ Sup 2 y^, 17G), is .'icoompanicd bytliatof a hydrocarbon, boiling at 

about 280®, which has hitherto been regarded as dibenzyl, 

Van Dorp, however, has shown {Dcitt. C/trm, Ges. Her, v. 1070), that "when oxidised 
by potJissium diclu'omato and sulphuric acid, it yields bcnzoyl-benzoic acid, 
C«n*(C*II**0).C0-II; lieiicc it must consist of beuzyl-tolueiio, C*II\CH“[C'‘H<(CH»)] i 


CH- 

1 

OIP 

I 

cw 

I 

CO 

1 

cm* 

1 

cm* 

1 

CIP 

COOK 

Ucuzyl-tolucuc. 

benzoyl, benzoic 


Now, when this hydrocarbon, obtained as above, is x>as&cd over red-hot pumice, it is 
resolved into free hydrogen and antlmiccuc ; 

C"H*« a + 211= ; 


and Ae same result IS obtniucd when liens^-l-toluenc, prejjavod by Zincko’s methotl 
Viz., by boating a mixture of benzyl chloride and toluene with zinc-diist (see Benxyj- 
TOLUKSK), IS treated in a similar manner. T\io anthracene condoii.socl in tho receiver 
IS saturated with unaltered benzyl-tolucno, which may bo .separated by draining and 
pressui'o, and when subjected to the saino treatment, yields a further quanthy of 
tl«w obtainud is quite and aRroos in ovoiy rca^t 

Tho couBtitutional formula of bcnajl-toluono, obtoined by Zinrko’s urocoM ba« not 


o* ijio i»8Bioio isomeridog of tHo formulJt 

toexS'So W.HoTo^fa^.r'’’’"*^ iteconatitution. it ig impoasiUo 

w explain tno toniiation of antlirac cue from it by elimination of livdroircii if nnlJ^oene 

formuhf^-oiiosid by those chUiisl^Sr^" ^ ronstitutional 

) ofboi^oT" TliTfollI tlio lattfifto'li; un orth^nrotire 

11 . J) of bonxenc. llio following formula! may repregent tbo trangformatioa : 


Bcnzyl-tolucue, 


Anthracene. 


MUct p«Kiucta^S™o.ml“^^^ .^^1 f ‘T®** obtained-beglilcs 

t.ag diubtlegg bonzyl.XeL?and Zl ^'T’ 

as above. itiiracone was produced by its docompowtiou 

2. Anthracene is formed bv raduef ifin n.^i i* i . - ^ , 

same number of enrlwn-Htoms • a Vr«,« compounds conteiiung 

.hiat in iwasence of hy^ffi'e ono. lly tho notion V 

heat (Rittger, J. pr. Chem. f2J ii, laa'i potagh- or gododey at t3». 

A hrom rufigullic aciu, 

C»H-0» + H=0 ~ 0‘ - C»U«. 
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Sovr, rufipfiillic acid corti^iins tJio olcmonts of 2 mol. gallic (dioxysalicylic) acid, 
viinifs 2 mol. valnr: 2G'II“0* — 2ir-() = 0*^H"0^, and is formed by hetitiiig gallic 
acid with sulphuric acid. The reaction above mentioned aflbixls, thoreioro, the means 
of pas.sing, by a definite traii.sforniittion at a moderate ho.'it, from tlio ben Konc series to 
the anthraceno sorios (Jaffo, Deut, Chem, Gea, Uer, iii. 694). 

7. Anthrncono is also said to bo fonned by the action of zinc-dust on cure um i u 
(Kachler, ibid, 713). 

Preparation and Vivrificaimn . — For tlie prof Miration of aiitliraceiio from conl-tnr, 
.T. Gessert introduces the last pasty portions (green grease) of the coal-tiir distillation 
(wliii’h should not bo carried beyond the point utwhidi 'ivliito pitch is ])i*oducod), first 
into a i'ontrifiigal muchinn, and then into a hydraulic press at 40®, or subjects tho 
mass lieatod to 30°-40° directly to pressure in a fdter-press. Tlie pressed mass cori- 
fciins about 60 p. c. of anthraceno; for fuither purification it is boilecl out willi 
liglit bir-oil or petrol eum-naphtlia, and finally heated till it molts. Tho residue coii- 
fciins 95 p. c. anthracene (fiingl, pdyU J, exevi. 643). 

For the of crudo anthracene contamlna tod with oily matters, iSclmllcr 

{ibid, 645) rcconimonda tho following process : — Tlio crude anthracene is carerully 
heated to coinmonciiig ebullition in a capacious retort connected with a tubulated 
receiver of glass or earthenware, the lower apertui*c of which is closed with a fine 
wive sieve. A sti’oiig current of air is then blown into the retort with, a pair of 
bellows, whereby tlio authraceiio is driven over in a very short time nearly pure and 
»lry, and condenses in tlio receiver as a faintlyyellowisli snowy mass, lly this mel hod 
a quantity of anthracene, the piirifloation of which by recry.stalU.sation or sublimation 
would tiike .several days, may bo piirifieil in .as many lioiins ; moreover, it is obUiincd 
ill a pulverulent form, in which it is very readily acted 011 by oxidising agents. 
j\iithraquiiionc, prepared from crude anthracene, may also be obtained by this method 
ill tho form of a light yidlow pf»W(ler resembling flowers of sulphur. 

l«ritz.sc}ie, liy exposing a solution of anthracene in coal-bir naplitha to sunshine till 
it became colourless, obtained tlio anthracene in ciystnls exhibiting a beautiful idolet- 
blue fluon'sceiicc (la^ Suppl, 177). The .saiiio fluorescent ciystiils are obtained, accord- 
ing to V. Wcartha {Zeitac/ir./, C/tem. [2] vi. 695), by melting aiithmceuo with sulphur. 
Streams of hydrogen sulphide are then given off, and fxirt of the .anthraceno -which is 
in excess, sublimes in find crystals oxliibiting tho violct-bluo fluorescence, wlicre^is tho 
same anthracene, if repeatedly recrysta 11 ised without troatmont with sulphur, mid then 
sublimed in a vacuum, yields snow-white, non-fluorcscent cryshils. 

The sublimation of anthraceno is best cflSsctcd according to v. W.irtlia (ibid, 645) in 
a v.icuuni, tho apparatus consisting of a wide tube connected with a mcnuiry- or 
Mat(‘r-puiiip. 

For I he v.iluation of commercial nntliRiconc, 6 or 10 grams of the substance may bo 
prt?ssed between piper and -w-ann plates, Uion boiled with at. least an equal -weight of 
iilcoliol, separated by filtration after cooling, then washed with alcohol, dried, uiid 
Weighed (Gcssoit). 

On tho preparation of Anthraceno from oo.al-tar and of Dyo- stuffs from anthracene, 
fioc Broiiuer a. Gutzliow {Dinyl, polyt. J, cci. 546 ; Ckvni, Soc, J, [2] ix. 1222). 

Action of Carbonyl Chloride (phoaqenc) on Anthracene , — Graebc .a. Liebernmnu. l»y 
heating anthraceno with liquid carfioiiyl chloride in sonlcii tubes, obtiiinod a yellow 
cr3-KtnUino cliloriiiatcd comiKmnd, -which when heated with aqueous sodium carbonate 
was convortmi into aiiHirarone-carbooic acid, C*'*IP.CO*H (la< SuppL 170). Berthelot, 
oil tlio otlicr hand {Bull, Soo, Chim, [2] xiii. 801), obtained, by t.lio mmo process, 
iu>thing but a mixture of hydrocarbons luiving u ixircentago composition agreeing 
with the formula : -whonce it -would ap^ir that tho action of phosgene at hi^ 
teirqioraturos on anthraceno consists merely in tho abstraction of hplrogen. But the 
results obtainod by Graebo and Liobermann, according to which the rcnction takes 
l'bii‘0 in tho manner reprosoiitod by tlio equation, + COCl*">HCl + C”II®.COCl, 

^Pl^*^***^ too definite to bo doubted. 

Actimi of Chromic Oxyeltlorklc. This acid diloride converts anthrncono into 
Jjiitliniquinono together witli a siiiull quantity of dichlorunthraquinono (Carstonjon* 
'^nhehr,/, Chem, [2] vi, 206). 

^'itroanthracenoa.-^Vlhon nitric acid and antliracono in equal numbers of raole- 
I'lilcs are heaUxl in alcoholic solution, tho liquid assumes a awd colour, and after soma 
inno red crystals of montfnitro-anthracene, soraiate out(almut9ft 

P* c. of the niithracene). This compound is iiiMlublo in cold alcohol and^ ben- 
ziiiio; froin jiQt alcoliolic solution it crystallises in needles grouped in stars, ^hcil 
hi'fib.d it sublimes iu noodles, -which havo tlw gr^test 

uliznrin. The formation of this conipound in iilcdiolic sotiition is the hiopj intetoijt- 
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ing, ns tile pure nitro-conipomuls are Hot formcil by the action of nitric acid on solid 
iiutlmiceiic. 

Hesidcs the moiionitro-conipountl, cl i n i t r o - a n t Ii r a c i* ii o is also fomed, the 
quantity of it iiicrcasinj» if nioro nitric m-id i.s ernjdoycil. It is luoderatcly soluble in 
hot alcohol and benzene, and sublimes in colourless phites (Bolloy, Zsitsekr, f, Cftcm 
[2J vii. 45). 

When mononit.ro-antlir;icpno is heated ivlth zinc and a solution of caustic potusli, tlio 
solution acquires first a rtid and aftc'nvanls a yellow (vdoup. On exhausting it with 
hot alcohol and mixing this solution with water and hydrochloric acid, a body is 
procipitiited, which solublo in aleolK;! and benzene, and when heated subliiufs in 
colourless plates. 

piMETHYL-ANTiiii ACKNK, O'®!!” = C* ‘Il-CCIP)'-', is formed, together with an oily 
body (probably by exposing xylyl chloride, C®H^CJP.(0H'C1) 

(prepHred by the action of chlorine on boiling coiil-tar xylcuc), to the action of water 
at 200® in scaled tubes; 

4C"II®C1 * 4IICI + C'*H» + 

l)io raii^ion Iwiiig u„alogj^,na to thiit by which aiithraeono and beaayl-tolucno aro 
formed from benzyl cMoiido (p. 82). ^ 

The prodnet i.s a brown aromatic oil, which when distilled, gives oflf xylyl -ivlone 
dLtilMnn''*i“'^ 1?^ i‘*' boding point of incvnijy, and towanis the (wl of tJie 

xvM ^,1 ’ ■“■Inch ctystolliscs in the nci-k of Ibu retort. The 

atteirf^TelS-^ " almost wholly resolved into dimetjb 

pbSos" anlhracciin ; it crysUillisps in largo gljstiaiiiig 

By raldi«on w 11,^8,11““'’ la-rf«^^tly pnm, ami melt at about 200“! 

A small quantity of 

■Bw. V. 674.) ^ ^ melting poiat is also formed (A. van Dorp, Bcnf. Cion. Gei. 

<Mcm. Grl S V II »■ Ostormayor, Tfcui. 

carbon, differ fmn, an’tlma .«>=‘'i.. 361).-Cte„rr««. This hydro- 

has been obtained from crude antlir und in several of its reactions, 

which boils above 300® : Ja the Vorlion of coal-tar oil 

scale, Glaser obtained a dark vrlhnvSi fV'^ anthracene on the large 

degrees below 100°, and bojliji£r^otwnpn aH»oT‘'i^i7“ o’ naiss, melting at a few 

threno may be isolated bv distiH iH i ^ product phouan- 

» bettor, liowm^r fiSt cvystallisnl ion from alcofiol. It 

crude material and U par^of mci-ic -i -IJ compound, by dissolving 1 part of tbo 

and 140°; the 80^ ^000^^^^^ f boiling between 100® 

plden-yollow no«lL or prit s 

by water, and quickly by alkalis intn nT..n T eompound is Tesolred, slowly 

, 2-Kttiga.6ster„lj^"rb;M 

lietweon 300® and 400®, by subicclins coal-tar oil boiling 

the ^ions which boiled abovo'^ 300®®to o® ’rho^riTi"!!“* cooling 

repeatedly crrstallimslf^*^ i^ i separated worodned 

other bodies. ^ ^ mTstallisciI from alcohol to remove «»H.w.c.n. and 

through*’* r^-houube with toluene, by pussiug ntilbsM 

^h*-ch c*ji<-cn 

StniKiic. WKimntliroue. 


CM'-CH 


2lFO 


2(C«H‘-CH’) 

Toluene. 
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PlicjiJinthreiio cryslnllises in sniiill plates, ivliidi geriepally have a yellowish colour, 
hut wlion quite pure, aro brilliant and colourless, and exhibit a bluo fluoreseonce, 
fainter, however, than that of anlliKicctio. It- is sijaringly soluble in cold alcohol, 
but, dissolves readily in hot alcohol, other, benzene, acetic acid, and carbon sulphide. 
It. niells at 99°-10O", and sublimes very readily, but boils only at. a teinpcsraturo much 
obove 300 ’ (Fittig a. Ostermayor) ; melts at 100° and boils at 340°, M'ith the whole 
eoliiran of lueivury in the vapour (Graobo). 

Oxidation. Plieiiantlircno gently heated with ix>tassium dichpomate and dilute 
sulpluiric acid is oxidised to phonanthrcTJo quin one, C“II“0- (Fittig a. Oster- 
jnuy('r). Tlie same compound is fonned by grsidually adding a solution of chromic 
Hcid ill acetic acid to a solution of phenaiithrene in liot glacial acetic acid (Qracbo). 
TJiis reaction affords the means of detecting the pTC.senco of phonanthreno in cnidu 
ani hraceno. On heating that substence with acetic acid and chromic acid, treating 
tJiu product with sodium carbonate to remove acids, and heating the undissolvefl 
portion with a solution of acid sodium sulphite, the phenanthrenequinone is alone 
jlissolved, and may bo precipitated from tho solution by acids, and recognised by its 
properties (jicc. Anthbaquinone, p. 93). 

deduction, riionanthrene is not reduced by sodium-aiualgain in alcoholic solution ; 
but. by heating it with hydriodic acid and phosphorus te 200°, it is convei’ted into 
t etraliydropheiianthrone, a liquid boiling at 300°-310°, whilst at 

240° the hydrocarbon is funuetl, which is also liquid, and boils below 300° 

(Graobo). 

Vhenanthrene Dihromide, is formed on adding bromine drop by drop to an 

etlu'real solution of pheiianthrcne, ami crystallises in four-sided prisms : it is very 
UM!>tabl(j, decomposing sponteucously on keeping (F. and O.). 

PhenaiithcPiic IHcrate, 0’GI'®.C®H®(NO-)*O, is obtained in tho manner already 
mciilioned (p. 84), in long, golden yellow or reddisli-yollow prisms; from a mixture 
of the cold alcoholic solutions of phonanthreno and picric acid it separates in red 
uendb-s. It melts at 145° (Graobo), at 143° (F. and O.). It may bo boiled with a 
large quantity of alcohol without decomposition, but water resolves it into phenan- 
tlirene and picric acid, 

Hitrophenanthrenes, CoM concentrated nitric acid converts phenanthrone into 
tlie monouilm-compoiind C'*H'(NO®), which, by solution in acetic acid and addition 
<^f watAir, is obtained as a yellow crystalline precipitate melting between 70 ° and 80°, 
Jf the nitric acid is not kept cold, dinitrophonan throne, C*^H“(NO®)'", is formed, 
and may bo olitained in qujuitity by hoiiting to 100° ; it separates from acetic acid in 
yellow crysbils molting between 150°-160° (GKiobo). 

Plunanthrene-sulphonic acid, C“H®SO*H, is produced, together with a 
sinall quantity of the disulphonic acid, by heating pihcnanthreno with sulphuric acid 
t<i 100°. Separated from the load salt by hydrogen sulx>hide, it forms a crystalline 
mass, more freely soluble in hot than in cold water. Tlie calcittm salt Ca(C“H®SO*)* 

IH-O crystellisos in small plates, and dissolves readily in alcohol and in hot water. 
Th(^ lead sail Pbl' C'^H®SO®)® + 21I®0 is freely soluble in water and in alcohol, and does 
not crystallise well. Tho barium salt has similar ju’oporties (Graebo). 

II. Another isomorido of anthracene, distinguished by its much higher melting 
point, is said by Ernst Schmidt (Dcut, Chem, Ges. Ber, v, 030) to bo formed by tho 
reiluct.ioii uf a red modification of mononitro-anthracono. When antlizacene is nitrated 
by Holley's method in alcoholic solution, a mixture of isomoric mononitro-derivatives 
is obtained, cousisting of a red and a white mononitro-anthxacene. If tho fonnor be 
(u'tud upon by tin and hydrochloric acid, tlio red body disappears after a time, and is 
rrqilacud by a yellowish-groy substance, readily puriflod by recrystallisation from 
alcohol or benzene. Tlie same compound is formed in small quantity on subliming 
red mononitro-anthraceno, togetlier with a yellow substance (possibly dinitro-anthra- 
ciuio), of lower melting point. 

'I’ll is body has tho composition ; it crystallises in thin, silky, glistening 

plates, which exhibit a violet-bine fluorescence ; melts ot 247®* It is almost in- 
soluble in cold, but more soluble in hot alcohol ; benzene, chloroform, and car^n 
sulphide dissolve it re^ily. It unites with picric acid, forming a compound which 
crystallises in reddish-yellow needles. It is not affected, even by prolonged heating, 
with nitric acid of sp. gr. 1*2, but is readily acted upon by more concentrated or 
fuming acid. Sulphuric acid does not act upon it at ] 06°, but on fhr^er heating 
dissolves it, and converts it into a sulpho-acid, forming a bluish-green solution, without 
tlio least carbonisation. * %.i. * -j 

The action of tin and hydrochloric acid on mpnonltro^nthracen© likewise gives 
mo to or 61}r . 
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AlTTBBACBirB-OBAirOll (Buttgor, J. pr. Chem. [2] ii. 130 ; Chcm. CmirU, 
1870, 359). — A rlorivntivo of luti'o-iintliKU’ono fibtnimvl liy tho notion of mJuoing 
agoiils on nitro-authriiquiiioiio. Aiitliniquiiiono is lioatod about, 110° with about 
Ift }uiHh by woiglit of a mixturo of equal volumes of sulpluirie (sp. gr. 1-84) nucl 
nitrie, iieid (sp. gr. rr)), and tho resiilliiig solution is imiueiliatoly jhiiired into cold 
Water. TJio nitro-eoiii pound wliich .sep:initt‘S is washed mid treated with ti soIiUiou of 
potassium or sroliuni Htaimito (pivjiared hy adding a fresh solution of stannous 
chlorido to potash- or stHlii-ley, till the liquid begins to show turbidity, and filtering 
after elaritieation), whereby an omerjibl-groim liquiil is prodiicofl, wliieh, when heated 
to tlio boiling point, soon deposits aiitliraeeno-urniigo as a 11'x‘culcnt pow'dor of a 
nearly vorinilion-rod colour. 

Anthracene-orange melts at 225°, and sublimes at a higher temperature in splendid 
gariU’t-red feathery nefsdles, h.nving a greenish surface -liistni. It dissolves in ether, 
jieotie, etlier, acetone, {ildehy«lo, aleoliol, and wood-.spirit, also in benzene and aiiiyl- 
alooliol, only slightly in earboii sulphide, not at nil in light }»ctroleum oil. iSulpliuric. 
acid dissolves it witiiout dei'oTn])osition, even at the boiling lujat, and the solution is 
precipitated liy water. Nitric acid of sp. gr. r2 likewise exerts at on.liiiary tem- 
peratures only a solvent iietion. Potash and sodsu have no action on this eompouiid ; 
meivuru! nitr.ite converts it, mi heating, into a deep violet p'>wder, which dissolves 
with the same colour in alcohol or ether. 

Tho above mentioned eimirald-grcon s«>lution, if mixed, without warming, with an 
excess of dilute snlplinric acid, deposits a brow'iiisli-n^l precipitate, wliich, when dried 
and dissolved in alcoliol, yields, after the alcohol has been distilled off, a brown 
colouring matter, soluble, with deep purplu-red colour, in acetic ctlier and in 
alcohol. 

AirTHBACHATSOVE, C-^lPO® (Half h a. Seiihofer, (75. P/mrm. clxiv 
H)9).— A compound produced by the dry ilistillaUoii of dioxybonzoic acid or by 
heating that compoimd for an hour withfour or five times its weight of slroinr sulphuric 


V V.' 4.1. A/ , 

On adding water to tho dark blood-rod solution obtained by tho latter process the 
nnfhriichrysone sepjiratos ns a dark gremj powder, which maybe purified by dissolving 
It I - solution with animal charcoal. Prom tho yellow filtrate 

oVrJo <-0’yhiUino flocks, liaving tlio composition C‘UI“ 0 « + 

T,nri!!b tii«x>l>onzoic acid, ns by heating it with fyator or 

AltJioiigh possossiiig tho ciuraotoristin TOoi>^S« nf Sfoou«h-ycUow flnkes. 
acted upon by oixlium-ainnlgum. ^ ^ ^ ^ '* anthracliiygono is not 

cnibo«ate,’tlfo 'Jornpiund^C^^H barium 

Cjj-stjilline flukes. T]io same salt is oli,,in™i j aUindiuB in dork red 

anthrachrysone is heated wdtli the vbdit « i»alf an inch long when 

concentrated. On adding barium chh>rit?”f i/aiyta-watop and tho solution W 

rod needles, luiviiig the coiniwaition tii^imonium salt^ dark 

calcium chlorido is^’uddd ™tKZ.oni«S;ViS 7 

a precipitate consisting of light rod microcinnn;« ^iV suit is obtained ns 

imim salts are amorphous rod precipitates^ DiomngncsiumandAlnmi- 

mnoridious masses. % fusing silvor-saltfl, brown 

liumus-liko substance is forme^l, together with a qu^intity of; ft 

Anthrachrysone dyes on iroii-inoi-dunts a brown enbn i ^ ciysWilljno body, 

produces a colour like that of alizarin but dulle^^ ’ alumiiui-mordants it 
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To prcparo ib. commorci.'il artificial alizarin is boiled with baryta>watcr, and tlio 
orango-coloured flltorod solution of barium antliraflnvato is precipitated with hydro- 
chloncacid; or tlio crude alizariit is dissolved in boiling dilute soda-ley; milk of 
Jiiiio is added till the solution, still kept boiling, becomes yellow or orange; this 
liquid is filtered from the purple calcium salt; and the anthraflavic acid is proc.ipi- 
tiitod by hydrochloric acid, washed on a filter, and dried. It is then powdered and 
boiled with alcohol ; the dark coloured liquid, when cold, is filtered off; the undis- 
Holved portion is treated with weak cau.ctlc sixla ; and the resulting solution is filtered 
to TOinov(3 insoluble iniinirities,* then boilwl, mixed wiLli excess of barium chloride, 
and rapidly filtered. On cooling, the barium nnthriiflavate is deposited in needles, 
whicli nuiy bo purified hy throe or four crystallisations from water (Perkin). 

Kchunk assigned to anthivifiavic acid the formula Lieberinann regards it 

MS monoxyunthraquinoiio, identical with that produced by the action of 

]i(;tnsh on inonobromuntliraquinono or anthrnquinone-moiiosulphonic acid (p. 92). 
Jiiitfrom Perkin’s analysis of the proiluct obtained from commercial alizann, and of its 
ilfirivatives, it appoiira to be isomf:rie irith alizarin, that is to say, to have the com- 
position of dioxyiintliraquinoiio. Perkin, moreover, points out that both these oxynn- 
t.lir:iquiiioiios are probably formed in the manufacture of alizarin, and are separated 
in tlie troatniont with baryta-water above described, anthraflavic acid being nearly 
insoluble in cold baryta-water, and separating out as a barium-salt, whereas moiioxy- 
iiiitliriiquinono, which, accoitliiig to Liebormann, is easily soluble in cold baryta-water, 
roinains in the mother-liquor. 

Anthraflavic acid separated from the pure barium-salt by hydrochloric acid, and 
]iui*ifiod by washing, drying, and ciyst-illisation from boiling alcohol, forms beautiful 
Ijright yellow silky noodles, gonornlly arranged in radiate groups. After drying in a 
vacuum, it is perfectly anhydrous, and does not lose weight even when heated to 180® 
(IVrkin). 

Jt is eJiiefly the presence of anthraflavic acid in onido alizarin that affects the 
colour of the alkaline solution, changing the violet duo to alizarin into puride, or 
when present in Iniger quantity, into red. For the same reason an alkaline solution 
of eriule alizarin does not show the absorption-bands in the spectrum so distinctly as 
one of pure alizarin. Alkaline, as well as alcoholic solutions of anthraflavic acid, 
absorb the blue end of the spectriim very powerfully, though no Iiands arc visible, oven 
with very dilute solutions. A solution of the acicl in concentrated sulphuric acid, if 
nut too (lark, sliows, however, a broad but well defined absorption-band at the ox- 
truiuo edge of the blue, bordering on the green, accompaiiiod by a total absorption of 
tin; viulet, as seen witli tho oilier solutions (^Schunck). 

When pure anthraflavic acid is dissolved m excess of caustic potash, and tlio solu- 
tion is boiled clown to dryness, a yellow re.siduo is left, which, after being carefully 
luvited almost to fusion, dissolves in water with a rod colour ; this solution contains 
alizarin. 

Antiiraflavic acid, liko oliznrin, appears to bo roducodto anthraceno by zinc-powder 
(Scluinck). 

Anthraflavic acid is bibnsic. It is but a weak acid, though it forms well defined 
salts, some of which are iTgulnrly crystallised. All its soluble salts give yellow 
sulutions, but it has no dyeing properties. 

Barium unthrafiavate crystallises in reddish-brown hydrated needles, which, when 
<liiod at 150®, have tho composition, 2C“H*BaOMFO, and do not undergo any further 
diminution in weight even when heated to 180°. When dried in a vacuum or at 100°, 
it contains .a larger quantity of water, corresponding with tho formula 2C“H*BnO*. 
311-0, When freshly prepared, it contains a much larger quantity. An air-drioil 
spocimon heated to 100° lost 18*2 p. a., answering to tho formula 2C'^II*BaO^. 
311-0 + lOaq., which requires 18‘3 p. c. for lOaq, (Perkin). 

Biacetsl.anthraftavio acid, Anthwaa- 

vie acid, heated to about 160° in sonlod tubes with acetic anhydride, giadiially 
dissolves, and if tho temperature . bo kept up forfdur or five hours, entirely disappears, 
the liquid on cooling depositing diacetyf -anthraflavic acid, which may be purifiM by 
one or two rociystallisationB fVom glacial acetic acid- It thep forms sznnfl, beautifal 
t'rystals of a very yellow colour, and somewliat like benzoic add in shape. It melts 
nt 228°-229°, and may bo volatilisod without docom^ition. It dissolves spiiringly 
in alcohol ; with mmerato facility in glacial acotic add. Strong sulphuric add 
diss(>lYos it, forming an orango-red liquid, from which water throws down a yellow 
precipitate, apparently consisting of anthraflavic addi. Alcoholic potash decomppsea 
iif reprodudng anthraflavic add. ^ / 

* These imparltfes are present la oonsidenible quantlMos, end When heated, give a Bnb^ntate of 
pQle yellow needles, like antbniqalnone, leavfuga carbonnceotu rceldna: 
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Dihcnzoyl-anthrajlavic acidt is formed by 

boiling iintliTafliivic acid with cxnoss of bonzoyi chloride, and separates from tho 
liquid, on cooling, in ncodle-slmpod crystals, which may he puriliod l)y repeated wash- 
ing with glacial acctie acid, and then with alcohol. It is of a pale yellow colour, 
njclts at 275° : is insoluble, or nearly so, in alcohol, very slightly solublo in boiling 
gbieial acetic acid, from which it is tltq)osited -in hue needles on cooling. Alcoholic 
potash acts upon it bat slowly. With strong siilpli uric it reacts like acetyl -antlira- 
tlavic acid, but dissolves loss readily (Perkin). 

iWTKRABTDROQXrnroirS. (P'1I‘®02 = C>a["(OIl)-. When a dilute 
solution of caustic soda is added to a mixtnro of anthrnquiuone and zinc-dust, the 
liquid assumes a rod colour, and tho nntbraqninoiio gi’sidiiHlly dissolves. On adding 
an acid to this solution, tho product t)f roiluction is obtained as a yellow prociiatnU^, 
which wlion isxposod to Iho air is soon reconverted info anthraqiiinono. To obtnin tho 
pure product it must ho precipitated, washed, and dried in an atmosphere of carbon 
dioxide. Tho analysis of the conipoun<f gave numhers corresiionding with the formula 

C'^IP(OH)‘', l>ut it probably contained also somo antbraquinhydroiio qiIjjnqjj J( 0*y' 

(flraobo a. Licsbcriiianu, Dcid. Cfiem. Grs. licr. v. 15). Anthmhydro(|uiiiono is 
likewise produced by prolonged fusion of anthraqiiinono with i>otassiiim hydrate at 
temperatures above 260*^ (Jhid. iii, (iJJ4). 

AirTBRAPURPUBZir, C»I1"0^ (Perkin, Chem. Soc. J. 1 2] x. C50 ; xi. 125). 
A colouring malbjr, isomeric wlh the piirpiirin of nniddor, obtained as a ’socomlary 
product in tho preparation of alizarin from antluiicene. It may bo sei>arali d from 
alizarin by preciiiitatincr the two colourimr ni:itt('rK luMrAtbnr uJih 



. - - ^ /njwuver, is slow, in- 

volving tedious filtmtions, and it is buttiir to dis.solvo 1 ho crude colouring matter in 
dilute sodium carbonate, and agibito tho re.sulting .solution with freshly procipitatxxl 
aluiniiia, which cmiihincs with the alizarin, le.avliig tho anthrapurimrin in solution. 
Ihis iH hlterod off Irom the alizanii lake, heated to boiling, and acidified with livdi-o- 
wSod'\mi dS precipitated is then colloetcd on a filter, 

'S ''“’•y impure, being usfioeialert with a siibatanco 

Thil fmunriH™ ““ anthraftivie acid, &e. 

Those impurities can bo removed to a considcrablo extent by repeati'dly boiling tho 

»» that^ liquid.^, For 
^liKe.st the product with boiling alcoholic sida, collect 
the diffiuiltly soluble sodium-comiToiind which forms, on a filter, and wasJi it several 
tunes with dilute alcoholic soda. It is tlnai di.ssol vod in wal er and boiled and the colour 
ing matter is precipitated with harium chloride. The purple barimmeon po^^^ 
obtained IS collecteil or, a filter, washed a IV-w times noth hot water! 
and^thA^n H «oduim carls, nutc ; tho resulting pnrjdo solution is filtered off 

carbon* ffive in soyoral analyaes f„,m Ca ll to 0612 p c 

woro aolublo in glacial acetic add. ™ther 

standing in amfiU fungoid-looking groups of^ii!Sto*^mn?° foiling acetie solution on 
groups are generally not more Uian 2 or *1 m m needles. These 

of tho cry.stals, generally appear lichtor on tlim* ' i direction 

can only bo soJn'’u, .«lvi[S„ndef th?m ‘’"I'? "" They 

but slowly in boiling glacial iwetic acid it is substance dissolves 

the add before the Suiting SioTru. be TS 7T offpartof 

aqueous solution by moans of other Whi-n^b removed from its 
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ailizAriii; they aro also produced by alkaline solntions of triacotyl-alizarin. In solu- 
tions proimrod with caustic alkalis, these absorption -bands are nioro decided than in 
those in which alkaline cjirbonatcs are used; in cither case, however, they aro much 
fainter than Uioso of alizuirin. The ainniouiacnl solution does not appear to give 
bands, nor does the ethereal solution of the colouring matter; in the latter cjjso, liow- 
ever, the violet is ill most entirely a) )sorlx*d. 

As a dyeing agent, anthrsipurpurin has about the same affinity for mordants as 
iilizariii. Tho colours it prixlfices aro also analogous to some oxteut, as it produces 
rod with aliimiiiii, purple and black with iron mordants. Tliere is, however, a coii- 
sideniblo dilibronce in the shade of colour produced, tho reds being much purer and 
Joss blue than -those of alizarin, whilst the purples aro bluer and thu blacks iiioro 
intonso. In fastness against soap and light tho colours aro quite equal to tlioso pro- 
duced with alizarin. 

WJieii used to dyo Turkey-red, anthvapurpurin produces very brilliant colours of h 
scarlet sliado, whicli are of romjirkablo permanence. 

Ordinary acid acts rapidly on anthrsipurpurin when heated, evolving a largo 
(jUinitity of red fumes; in one experiment oxalic acid and a nitro-acid were obtained, 
but no phthaJic acid. 

ArrifM of Amvwnia, When an nmmoniacal solution is hontod to 100° in a sealed 
Mibt? lor some hours, its juirplo colour changes to indigo-blue, and the solution ncidi- 
UihI with liydrocliloric acid deposits a dark purple precipitate, probably isomeric with 
Stt’iiliousiys purpiirumide or purpurciii, W'hich dissolves in ammonia and in sodium 
cfirbonato w'ith a blue colour, in caustic alkalis witli a red-purplo colour. It dyes 
nhimina-mordaiits purjilc, weak iron-monlaiits indigo-blue. 

Metallic Derivatives. Antlirapiirpurin forms metallic derivatives which are 
Ijisoliiblti or nearly .so in u'ater, except tho.so of tho alkali -Tiictals. It dissolvc.s in 
jutimh and producing beautiful violeb-coloured liquuls, which become blue in tho 
shade wlnui healed. They are not so blue as those obtained with alizarin. The 
sod iuni-doriva live is difficultly soluble in alcohol. Anthrapiirpuriu also dissolves in 
K<iUitIons of tho ulkaline carbonates with a iH^ddish purple colour, and is precipitated 
by carbonic acid. A solution of .sodium bicarbonate, if gently heated, dissolve, s 
anthrapurpnrin more ixjudily than alizarin. With the chlorides oicalciumy ntagnesiim^ 
hnriiiw^ and strontium^ tho ammoniucal solution of authmpiirpurin gives purple pre- 
cipifaUis. Specimens «)f tho barium precipitate dried at 170°-180°, gave pToportion.s of 
barium about 2 ji. c. lower than that required by the formula, With alumina 

authrapurpurin forms a lake somewhat simihir to that produced with purpurin. Cupric 
rurtafe .added to an alcoholic solution .of authrapurpurin changes it from yellow to .a 
bcaiuilul purple, which cannot bo distinguished from that produced with alizarin under 
llio sumo circumstances. When boiled w’ith alum or aidphate of alumina^ it does not give 
iiny special reaction, whereas its isomoride, purpurin, gives a pink solution whioli is 
liiiorc.scoiit. In basic aluminium sulphate, however, it dissolves to some extent, form- 
ing an orange-pink solution, which is not fluorescent; acids precipitate the colouring 
miittor from this solution. 

Dihromanthrapurpurin , — ^When nnthrapurpurin is digested with bromino and 
carbon disulphide for sovcral hours in a flask connected with an inverted condenser, 
the excess of these substances then driven offi and tho residue crystallised from 
glacial acetic acid, an orange-coloured product is obtained, giving a percentage of 
bromine a little higher than that requiiM by tho formula of dibromantlirapurpurin, 
C'UI«BrW. 

Triacctyl^anthrapurpurin^ C**H‘^0* « C**H*(G®H*0)®0*, Anthrapiirpuriu 
hciited under pressure wiUi acetic anhydride in excess to a temperaturo of 150°.160° 
or four or five hours, dissolves entirely, and the solution on cooling deposits a largo 
juantity of palo yellow scales, which are easily purified by draining off tho excess ^of 
icetic anhymide, and recrystallising three or four times from glacial acetic add. For 
ho preparation of this compound, it is not necessarjr to use pure anthrapuj^urin, the 
I'ude product before treatment with alcoholic caustic soda answering very well : but 

tJiis COSO tlio product should bo reciystallised till tho mothor-liquOrs are of a clear 
':do yellow colour. 

The substanM thus obtained ^ve, in two analyses, 62*90 and 62*77 p. ct carbon, 
■8 and 3*77 hydrogen : numbers whicli agree best with the formula of atriacetyl- 
‘^rivative (62'83 0. and 3*66 H.'), but nevertheless, approximate closely to those ro- 
iiired by the formula of diaoetyl-anthrapurpunn, «» C**H^*H*0)*0*, viz., 

!'•'> C, and 3’6 H. The true composition of the apet^l-derivatiyo is, however, md.ily 
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ilctormincd by boiling it vith nlcoliolie ix)t.ish or 80 <ln, wlicvoby it is resolved into 
acetic acid and authrupurpurin, and weighing the antlirapurpurin tlius obtained. For 
tills purpose, a weighed quantity of* the aretylie derivative was boiled for some time 
with alcoholic soda, until tlio alcohol had boon in?iirly all driven off; water was then 
added, and the purple solution boiled until quite free fiviiu alcohol; the anthrapur- 

J airin was then precipitated with hydrochloric acid, ami after standing for twenty-four 
iouR$, was collected on a weighed lilter, w'oll w’asliod ivifh cold water, dried at 110®, 
and weighed. As the filtrate contained a small quantity of aiitlirapiirpuriu in solution, 
it was agitated witli ether, and the ethereal solution evaporated in a weighed dish. 
The united W’oiglits of the colouring matter on the lilter and that extracted from the 
w'asliings with ether, gave in two exjxirinietits 66‘6l and 67‘21 p. c. anthrapurpurin. 
Now, the decomposition of Iriacotyl-antlirsipurpurin, according to tho equation 

C»J1»(C=JI»0)»0- + 3n*0 = + 3C*H'0*. 

would yield 07'01 of uiitlirapurpuiiii, a number closely agreeing with experiment, 
whereas a diacetyl -derivative similarly decomposed would give 73‘3p. c. This sub- 
stance is therefore triacctyl-authrapur] iirin. 

Triacetyl-anthrapnrpui'in molts at 220^^-222°. It is not. very soluble in nleobol, but 
iiio<l()rat«>ly so in glacial aeotic acid. It crystallises fmm this latter solvent in lioauti- 
fill pale yellow gli.stoiiing scales ; as already inoiitiouod, it decomposes when lieateil 
with alkiilis. 

Wlicii added gradually and in small quantities at a time to nitric acid, sp. gr. 1*5, 
triaectyl-antlirapurpurin dissolves without cfforvesconco, forming a dark yellow 
solution ; this, on being slowly added to a laigo quantity of cold water, deposits a pale 
brown precipitate, wliich, when collected and w'aslied, dissolves in poUsh with :i red- 
dish luirplo colour. This solution docs not apjxiar to give any bands when viewtxl by 
the spectroscope, but a considoraldo absorption in tho orange and violet. Tho aildi- 
lion of acid causes tho colouring matter to siqiarato as an orange precipitate. Tin’s 
substance dyes alumina-inordnuts of an orange colour, and weak iron-mordanU of a 
reddish-purple. 

= C'^IP(CWO)“Os, isformod by boil- 
ing anthrapurpurin with benzoyl chloride. Hydrochloric acid is then evolved, tlio an- 
tlirapurpurin dissolves, and tho product on cooling forms a viscid mass, w'liich may bo 
punned by repeated boiling with water, and ny.stalli.sation fitmi glacial acetic nciil. 
lliis lattor operation must bo roiwatod, and after a portion of tho substance, winch 
first sopaiates as a yellow pow'der, has been filtered off, the mothor-liquor gradually 
yields sniall rosette-shaped groups of dark yellow or brownish crystals, which undcT 
t h 0 microscope, .appear well formed and transparent. ^ 

Uv.lr!lfn TT by analysis 73*6 to 7372 p.c. carbon and 3'0-3-68 

Adn>on^nv carbon and 3*53 hydrogon. 

A dibcnzoyl-deTiyativo would require 7276 carbon and 3-45 hydrogen. ^ ^ 

Iribonzoj^l.aiithrapurpunn molts at 183®-185®. dissolves with moderate facility in 
bo,lme glacial ^t.c ae <1, «„<1 i. decomposed by alcoholic M ^ 

may bcTSrf aluwa that anlhmpnrpnrin 


C»H»0*(0H)* 

Anthrapurpurin or Trl- 
. osyanthraquinoac. 


C”II»0*(0C*H»0)« 

Triacc'tyl-RQthrapurpurln. 


C»«H»0«(OC»H*0)» 

Triboi) zoyl-nnthmpurpaxln. 


AirTBaAQvxir,on, C‘HI"0=.- 


flint of incrcuiyT Its v^mir-donsiX ’ compound is above 

7-33 ; hy cal method, i. 

peatochlurido (diluM wi^nh^Dho™~^"j!l*”M"? tfith phosphorua 

(1) . C"H'(0‘)' + 2KI1» . 

(2) . C«H*C1* + Cl* 

chlorinatedprodueta (G»oU o**Liobe^n^ containa more hig^iV 

Aeiiea ofAlhalit -^h™ ^ d*. 1 21). 

potaah to 250» it ia deoompoaod, lug folTtiin 

C*<H*0* + 2KOH B 2C’H»KO* 

»e « #. leboMwnD. he. ei<.). According to Wartln, g^jj ^4,4^ 


C'H'Cl* + 2POC1* + Cl*. 
C»H'C1» + HCl. 
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jintliraquinono with potash gives rise to tlie formation of alizarin. Wlicn antlim- 
qiiinono is hoatod with potassium liydnito and water, an almholio solution of antlira- 
quinone then added, and the heating continued, with constant stirring, a green colour 
is first produced which finally passes into the purple- hi no of potassium -alizarin; and 
on dissolving the fused mass in water and adding liyili-ochloric acid, alizarin is pre- 
cipitated, and may bo extracted by other. Tho quantity obtained is, however, but 
small, ns tho alizai*in is pirtly dccoinjKiscd by tho excess of alkali prosent.* A 
larger product is sometimes obtained by mixing the anthi^iqinnone with sodinm or 
potassium otliyhito lictbro adding it to the fused potash. 

XVltro-antbraqulzionefl (Udttgcr a. Petersen, Dciii, Cham, 6V«. /?cr. iv. 22G; 
Liehorniann, ihld. 230; Peterson, ibid. 3()J). — I'hese liodies cannot bo obtained 
dinjctly from anthraqiiiiiono by the action of nitric acid; but by oxidising anthracene 
with nitric acid, there is obtained, together with nntliraquinono, a dinitrojinthra- 
ipiiuone identical with Anderson's diniti'o-oxaiitbraccno and Pritzsclie’s oxydinitro- 
photenc. 

The nitration of anthraqninouo is however readily effected by a mixture of concen- 
trated sulphuric and nitric acids. Thojirodiict is a din itroanthraquinonewhich 
separates, on |ioiiring tho acid mixtiiro into water, in yollow*ish-white Awks, iusohiblo 
ill water, difficultly soluble in alcohol and benzene, s[ill less soluble in etlinr, and 
crystallising from these .solvents in minute monocliuic, almost colourless crystals. At 
about 252° it c^ikes togutlicr to a brown mass, from Avliicb, at higber teniperaturi*s, 
with partial docompositiem of the rc.sidne, 3’ellow to brown noodlo-liko crystals sub- 
lime. This bodj” loruhs crystalline double compounds with Aarions hydiwarljons. It 
does not yield w'i Hi anthracene tho lino violet compound given by I'ritascho's ‘reagent’ 
(Is^ Snp]d. 215). On fusion M'ith potissium h3-drate, it 3'iekls alizarin in eonsidcjablo 
quantity, a proof that the two nitro-groups occupy tlio same positions ns the two OH 

(i!-— , 

groups do iu alizarin; that is to say, th*^ its rational formula is CM (0“)' 


{ibid. 215). 

Action of Bulphurio Acid on Dinitm-anthraqitinone , — When dinitro-anthraqiiinono 
is disHolvo<I in excess of strong .sulphuric acid (about 1 part in lA jmrts), and the mixture 
is Jieated on a sand-bath at about 200®, a iiiodoratc evolution of sulphurous anhy- 
dride takes place, tho brown-yellow liquid becoming deep brow'n-red. When tho ro- 
nctioii becomes more violent, tho source of heat is removed, the wliolo being after- 
wards heated again sloudy, until tho evolution of sulphurous anhydride ceases. Tho 
mass is then poured into cold water; the prccipiteted dark brown-red fiocks are well 
WHslied, repeatedly di-ssolvinl in dilute alkali, roprreipitatod by acid, and finally dis- 
solved in alcohol ; and tho solution is slowly ovapointod. The exceedingly stable 
now colouring matter, whicli can also bo obtiinod by treating unthraquinoiie with u 
uiixtui’e of sulphuric and nitric acids (16 to 18 parts cone, sulphuric nnd 1 part 
iiitinc acid, sp. gr. 1*5), is slightly solublo in water, forming a peach-coloured solution ; 
readily soluble in ulcohol, other, acetic ether, and chloroform ; less soluble in benzene, 
with a magnificent red violet colour. It separates from these solvents, on slow 
evaporation, as a violot-rcd cr3’’8talline-gniuular mass ; on quick evajjoration, in violet- 
brown, metallic-glistening crusts. Cotton is dyed violet by it without the use of 
mordants. When heated, it melts, but only a small portion sublimes unchanged. Its 
amilysis loads to tho formula On fusion with potassium hydrate, ammonia 

is evolved, but no alizarin could bo detected. On treatment with zinc aud sulphuric 
acid, gradual deoolorisation nnd decomposition took place (Bottger a. Fotersen). 

Licbermann is of opinion that this compound whs not obtained pure. Uo finds tliat 
when lioatod with water to 200', it is converted into n spongy aggregate of dark 
nocdle-siiaped crystals, which raajr bo sublimed, but with considerable loss by car- 
bonisation, Hetallic-green shining . needles are thus obtained, very much like 
nuphthazarin. They contain nitrogen, though not in vexy considerable quantity. Tho 
vapour of this body strikingly resembles that of indigo. 

According to Petersen {Deui, Chem. Ges. Her, iv. 301), tho violet body formed by 
treating dinitroantliroquinone with concentrated sulphuric acid, is di-imido- 
hydroxyl-anthraquinone, On passing nitrous acid into its solution 

iu alcohol nnd other, oximido-dihydrozyl-anthraquinono, is 

formed, which bv sublimation is obtained in yellow or hyacinth-red, flat, foath^ 
iioedlos, which»dis8olve in caustic alkalis with a raspberry colour, nnd when rased with 
caustic potash, give alizarin. AVhon this body is dissolve in. concentrated nitric acid, 


* aroebe a. Llebcimaun did sot obtain alltethi by fusing fiHthm^laone pot(ul)» probiibiy on 
kcoount of this (urthor deooisposteg aoti^ 
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(Unitro-diliydroxyl-anthraquinon o in obtaiiiod, which, on tho addition ot 
watnr, scparatos in yellow, very electric flukes, dissolving in caustic potash with m 
violet colour. 

Tho formation of tho oxiinido-com pound corresponds with that of oximldo-a- 
naplithol T,vhich Graohe and Ludwig obtaiiiod by the same reaction from di-imidt)- 
a-iifiphtlioL 

Dlamidantliraciuinonef C"Il''(NIi-)~0‘, is easily formed hy reduction of dinitro« 
anthraejuinone w’ith sodium sulphydrato (Jldttger ii. retorseii), or with tin and liydro- 
chloric acid (Liohoriniiiiii). It 8(!f)itratc« in tho form of a red i)OAvder more or less 
sgliihlo in alcohol, ether, acetic ether, and other solvents. According to Bdttgcr a. 
Fetorsen, it dissolves easily in acids, especially when conroiiLrjited ; according to 
Liebormnnu only in concentrufcod acicls. It molts at 23fi°, iindsiihlimes oven at lower 
temperatures in magniflccut garnot-riHl flat needles, with a greenish reflex, ufton united 
in feathery groups (11. and P.) ; iu long capillary needles (L.). From alcohol and 
ether it crystollis«>s in small needles (B. and F.); crystaUises well fi-oni benzene (L.). 
It does not yield any colouring matter when heated with strong sulphuric acid (L.). 
According to Bdttg»?r a. Fcsterseii it yields alizarin wlien fused with ]iotush; but 
according to Liebormaiin, tho colouring matter thus obtained dilfers in some ros^tects 
from iiliz:irin, especially iu t he manner in wliicli it sublimes, and its behaviour when its 
solution iu potash is ex|iosed to the air. 

When a solution of diainidantiiraqiiinono in concentrated acid is treated with 
nitrous acid, an azo-dorivativo is formed, but it remains for the most part in solution, 
and isdocomjDosed, with reproduction of .'inthrsiquiiioue, hy the continued action of nitrous 
acid. But by acting with nitrous acid on diamitLinthraqiii none dissolved in common ether 
orincthylacetate, a pecidiar azo-derivative is formed, W'hich setuirutes out on jxissiuga 
current of the gas through the liquid, as a delicate brownish-vioh;!, poivder, oxtreinelj’^ 
alterable, and tleconJi)Osetl with slight detonation at about 68°, a bulky rosiiluo of 
carbon roimii 111 ng. Analyses of several preparations led to the formula C‘'IFNH)'. 
It is soluble in alcohol and water, with* a beautiful violet colour. When heated or left 
to stand for some time, both tho aqueous and alcoholic solutions are docoraposod, with 
reproduction of diamidanthraquinono, wliicli falls down, together with a brown decompo* 
sition-product, accompiiiiod by but a slight evolution of nitrogen. Bottgor a. l^torseii 
look upon this compound as a dinitroso-amidanthraqiiiiiono conL*iining twice 

tho univalent group, N |j^Q, or, in nccordauco with Graebe and Ludwig's observations 
on corLai n napthhol-dorivativcs, ns a d i o x i m i d o - a in i d a n t li r a q u i n o n o containi iig 
t.wico tlio univalent group, N and express tlio reaction by the 

equation : — 


C"H'(NIC)*0» + 2HNO* - + 2H»0. 

Bjr futdon with potassium hydiato it yields alizarin, according to liottgor a. Peter- 
son, OP according to Liebcrmann tho body resembling alizarin which is obtained by 
similar treatment of diamidanthraquinono. When boiled with aqueous ixitush it yiel£ 
a yellow solution, indicating that only a partial conversion of tho amidogen-groups has 
been effected by the nitrous acid (Liebcrmann). ^ ^ 

O^an^aqolnones. Mmwxyanthraqmmnc, C»H»0® = C**H'OYOH), is formed 
by tJio action of melting potash on monobroinaiithraquinono or anthraquiuono-monosul- 
S n / w r ■ * ^ I-^etennanii, as a bye-product in tho miinufactupo of aliza- 

anthmqiunone-disulphonic acid with iiotash). It may be separated from 
alimnn by its solubility in baryta-water, and precipitated from tho solution by hydro- 

wTvXw “T ^dby cryataUiaationfrom acetic Jd. it 

*folvo8 inalkaliB wtli red-brown colour, but doaa notsire 
OTloura ynth mo^anto: with lead acetate it forma a bright yellow precipitate *By 
ST.T““ « “-verted into alizarin, tho change taking ^ by 

of an atom of oxygoii (laobermann, Veut. Chem. Get. Ser. iv. lOsT 

a<J^i"gTpeAirt‘ h’or.I?*”""'? «s,.Wenti“l Tvith anthraflaric ac/d, which, 
P^b ha^ *°*y-ntl>v«l-inono iaomaric rrith aUiaria. 

Aorkin lias, liowmor, pointed out that tho two compounds nro nzobablv fumed 
toother in toe manufacture of alizarin, and are aoparaffiy tr^n^t wi£ 
water. ,n which the dioxyanthraquinone is insoluble (aw p 
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nwiyer, CJiem, Ges, Ser. v. 933; Amu Ch. l%arm. clxvi. 365). This compouml 
is x>i^oduccd hy gently heating phenanthreno 'W'ith a mixture of 1 part, potassium 
didironinto, part sulphuric acid, and 3 parts water. A brisk reaction soon commences 
and goes on without further application of heat. The product may be freed from a 
small quantity of anthraquinone, formed by oxidation of admixed anthracene, by 
partial crystallisation from alcohol, or better from a mixture of equal A'olumes of 
glacial acetic :\cid and water, in both of wliich solvents it dissolves more easily than 
anthraquinone (P. and O.). Graobo prepares the quinoiio by dissolving phenanthrono 
ill liot glacial acetic acid, and gradually adding a solution of chrcmiic acid in acetic 
acid, so as U» keep the liquid just at the boiling point ; to complete tlio reaction the 
solution must bo boiled for spine time. On distilling off the greater part of the acetic 
acid, and adding water to the residue, phciianthreiio-quinone separates us a crystalline 
precipitate, which may bo purified liy crystallisation from glacial acetic acid, or rnoro 
conveuioiitly by dissohung it in a solution of acid sodium sulphite and reprecipitating 
with an acid. 

Phoiianthronc-quiiiono is almost insoluble in cold water, but dissolves sparingly in 
hot water, and in cold alcohol somewhat more freely than in boiling alcohol, still 
more in oilier, henzono, and glacial acetic acid. It crystallises in dark reddish-yellow 
or orange-yellow noodles or prisms (Gracbe; F. and O.); melts at 198°, and sublimes 
ut !i higher temperature, with partial decomposition, in brilliant transparent oraiigc- 
red plates. 

Phonanthrenc-quinorio heated with hromiucto 100° in scaled tubes yields a compound 
wliich is but little soluble in ordinary solvents, and appears to be a dibromoqui none. 

Phenanthrone-quinono dissolves without altcriition in cold sulphuric and no 
sulphonic aci<l is formed even at 100° ; but on heating the solution more strongly, 
decomposition takirs place. Tlie qiiiiioiie may, however, bo converted into sulphonic 
acids by acting on it ^vitli .sulphuric anhydride. 

Strong nitric acid dissolves phonantlipenc-quinonc, forming a red solution, from 
whii’h tiio qiiinono is reprccipitatod on axlditioii of water, A boiling mixture of 
sul[)hiivie and nitric acids converts it, but not readily, into inti*o-eompounds, from 
M-liicIi by crystallisation from acetic acid diiiitrophonaiithrc ne-quinono 
is obtained, in yellow silky plates. 

Phcnanthroiio-quinono is not reduced by sidphiirom acid in the cold, but ivhon heated 
to 100° with the aqueous ficid it is converted into phonanthrcno-hydroquirioiie 
U‘'Il"(OH.)*. Uy boating with cine-dust it is rcduccjd to phoiianthrcne, but tlio tempera- 
ture at which the reduction takes place is higher than with anthracene. 

By oxidation with chromic acidj phonanthreno-quinoiie is converted into diphcnic 
acid, 

Heated with phonanthrene-qiilnono is resolved into diphenyl, carbon 

dioxide and hydrogen : 

C»IP02 + 4NaOH = C»»H« + 2Na»CO» + H-; 

tvhoroas anthracene similarly treated yields chiefly benzene. These reactions coiijoiiied 
with others show that the two aromatic nuclei 0*1I* are linked together directly in 
plichtitithreno, but not in iinthtacone (see further pp. 94, 05). 

Compounds of Phenanthrme-quinone with Alkaline Bisulphites , — Tho sodium salt 
C'HWNaHSO* + 21I»0, or probably C'*H»{Q'^,j^^ + 2H»0,jgformodbydi8solring 

the quinoiiG in a warm solution of acidilpdium sulphitei and crystallises in small colour- 
less plates. It is slowly decomposed by water, quickly by acids and alkalis; when 
exposed to tho air, it absorbs oxygen, ana sulphuric acid is formed. The potassium 
mft is a very similar body. * 

Phenanthrenc-hpdroquinon€j C**H*{OH)®, is produced by the action of sul- 
phurous acid on tho qiiinone, the teduction taking place slowly even in tho cold. 
Tills is one of tho distinguishing reactions between phonantlirene-quinone and aiithia- 
quinotie, which latter is not acted on by sulphurous acid. When phenanthrene- 
quinono is heated to 100^ with excess of aqueous sulphurous acid, it disso^es, and 
the solution on cooling deposits the hydrOquinono in lon(f colourless needles. An 
alcoholic solution of sulpliurous onde reduces tho .quinono still more readily. 

Phenanthrene-hydroquinone in tiie nmist state absorbs oxy^n, but lyhen diy it is 
^oro stable. By boiling with water in an open vessel, it is first converted into a 
hrownish-bl^k quinhydrone, and then into the quinone. The same reaction takes 
place when it is actoa on by ferric chloride, nitric ^d, chromic acid, ‘When the 
liydroquinone is dissolved in caustic potash, and W solution is exposed to the air, 
a green preciintate is formed, which gradimlly changes into the quinone. This grten 
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conipottiid, \^hicli is coloured brown by acids and green again I;}' all^ilis, probably 
consists of tho potassium salt of plionanthrcno-quinhydrone ; it is also formoci by dis- 
solving phcTianthrcno iinimmoniuin or potassium siilpliiclo, or in caustic socla, '"'^n tho 
aid of zinc-dust, and exposing these solutions to the :iir ((.rracbe, A/in, Ca. Pkarm, 
clxvii. 146). . 

Dia€€tyl‘phcAanthfwie-ht/droq^^^^^^^ C»H*(C2H»0)*0=. is produced by boating 
phennnthrcnc-hydroquiiiouc with acetic anhydritlo to 140°-180 . It cvysUilliscs 
hot benzene in colourless plates, melting at 202°. It is a very stable compound, which 
is not oxidised by boiling with solution of potissiuiii dichroinate and sulphuric iicid, 
but a solution of chromic ai'id .'ind acetic acid converts it into tho quinone. It is not 
altered bv lieatiiig ■with caustic jiotash of sp. gr. I’lb but on concentrating the liquid, 
dccomposkion takes place, and water added to tho solution throws down t lio green bexly 
aboTO montionod (Gracbo), 


ConstUttfion nf Ant/a'aijuiMiie and Phenanthtrne^quinone* 


The synthesis of anthriiccno from bonzyl-tducne (p. 82), and that of ]ihonantbrcrio 
from stillieiio show that the two aromatic nuclei contained in tlio former are dis- 
coiinoeteil, whereas in the latter they are linked t ogether ; and this coiu liision is cor- 
roborated by the tact that phenanlhreiic, when boated with .sod»i-liine, yields diplienyl, 
whereas antlirucene yields chiefly benzono. These two isomeric aromatic hydro- 
carbons may accordingly bo ropresciited by tho formuhe : 

C«U' C— H 

C— II 

Aathi'acenn. 


C«JJ* C-H 

U«II» CU 

rhenanthreue. 


According to GraobG\s theory, tlicreforc, which rc*pre.seiits the quinones as coniain- 
ing two atoms of oxygon linked together so us to form a diatomic group, tho corres- 
ponding quiiioucs should bo represonted by tho formulae : 

— c— o eii' — c— o 

y 

C-H^ C— O C“H * C - - J 

Authruqninoiic. Phcuautkrpnu<qiiluoiie. 

Fittig a. Ostennaycr, on tlie other hand, regard tho quinones, not as compounds 
containing the diatomic group (O*)", but as double, ketones, in which the oxygen-atoms 
aro not linked together, but each is unilofl to a curboii-utom by two units of affinity ; 
authraqiiinono being, according to tliis view, 



or 


^CMI* 

C*H* -C=:0 


' CO '' 


ami plicnaiitlii'cna-qaiiioiK', 

C=:0 

CMC- 




They find that plienanthrcno-fpiinoiio i.s converted hy oxiibitiou with chromic add 
into diphenic acid, C'*!!’"!.)*, and that this acid, when lioiitud witli excew uf 
quicklimo yields, not diphenyl, but diphoiiylcno-koton o, C»*II*0. tbiff 

ketone, fused with potash, is converted into phonyl-bonjsoic acid, 
when tho oalcitiRi salt of this acid is hoatiHl with quicklime, tho kotonc ia rcgBuCrjit^* 
and a small quantity of diphenyl, is pi-odiiced, whicJi limy bo JBtwnbd »» 

larger qiwintity by heating the cnlcimu suit without quicldimc.-r-Tha formnli^ 
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iliplienyl in this mannor shows tliut plienyl-bonzoic acid and diphenic acid are coiiKti- 
tutod as follows : — 


C«H‘.COOH 

C«I1* 

Phcnjl-bcuKoic acid. 


C«H*.COOH 

C«H*.COOH 
Diphenic add. 


Tlio formation of diphonyleno-ketone from diphonic acid is exactly analogous to tint 
of dimctliyl-kotono (acetoiio) from acetic acid : 


C«ir— CO-OH 
C«H^—CO— OH 


C«H«> 




CO + CO* + H*0. 


l^ittig a. Ostermayer, liow’cver, rcgawl it as moro probable that the molccnhir 
formnla of this ketone is C-’^H'^O*. Kekule has lately shown {Deut, CItcvi. Ges. licr. 

0U8) that on heating caleiuni-benssontc, a small quantity of anthraqiiinonc is formed, 
and Jaffc {ihitl. iii. 694), as well as IWth a. fciennhofor {Ann. Ch. Tharm. elxiv. 109), 
has found that di- and tri-oxy benzoic acids nro easily converted into derivatives of 
anthracene. Now, phcnyl-bczoic acid behaves in a similar manner, ns shown by the 
following equations ; — 


CO-OIl 


c«n"-co-oH^ 

Benzoic acid ('i niols.). 


c«n^— CO— OH 
2 I 
C*1P 

Then jl-beu zoic acid. 



Aiithi-aqninouo. 


C‘H* 

I 


/CO.- 

<oo>r 


cw 

Diphenjrlcnc-kctonc. 


+ 2H*0 


I)] phcnylcno ketone is therefore diphenyl-anthraqui none; when fused with 
pot'ish, it again yields phonyl-bonzoic acid, just as anthraqiiiiiono is resolved by this 
reaction into 2 moloculcs of benzoic acid (Fittig a. Ostermayer). 

On tho other hand, it may bo observed that the constitution of diphcnylcno ketone 
es diphenylated antliraqninone m.ay bo represented on Grnebo's ^iew of tho constitu- 
tion of the latter compound, and of quiuoncs in general, as well as by that of Fittig 
and Ostermayer, namely by tho formula, 



AVitli regard to the constitution of qui nones in general, Gmobo observes (Ann, C^. 
I'harm, clxvii. 163), that, althongh the formation of antliraquinono by heating calcium 
benzoate, as well as tho formation of rufig»llic acid and of antlirachiysone, and tho 
behaviour of aiithraquinone and phenanimrono-quinono when fused with potash or 
heated with lime, may perhaps be moro'simply explained on tho supposition that tho 
qiii nones are double ketones, — novertlicloss, there ore other facts whira directly contra- 
dict this view, and show that these bodies actually contain tho bivalent group (O — O)", 
<^'1pnble of replacing and being replaced by 2 atoms of hydrogen, chlorine, &c., whereas 
if the 2 oxygon-atoms were not thus li^ed, they would be equivalent to 4 atoms of 
|| moiiiitomic radicle. Tho quinonos arc, in fact, pro<lnced by replacing 2 atoms of 
hydrogen by 2 of oxygen, whereas in tho formation of ketones 2 atoms of hydrogen 
Jjro replactJU. by only 1 atom of oxygen. Moreover, ketones take up 2 atoms of 
hydrogen for each atom of oxygen which they contain, and are tliercby converted 
secondary alcohols, whereas riuiiioncs toko up only 1 otom of hydrogen for 1 of 
^^ygen, and are converted into hyaroqiunonQs. 

^.A»TBaAAiri»OlfM AOnMi (Graebe a. Liebermoinn, Ann. 

P*. jP*am. clx. 121). 

. !• ^*tkrtqiAnon»-i»men^^i(iAeii, or StdMantkri^piiMi^AM, C'^*(CPySIQ%, 
B produced by heating 1 partof anthxttqhlboDe and 2-^ |ni?|8 satphilric add to . 
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The pupo add ia best obtained by decom]x>sing tlie lead or barium salt Trith sulphuric 
acid. It forms yellow scales, and is readily .soluble in wnter and alcohol, but nojirly 
insoluble in .sulphuric acid. The barium salt [C"HXO’)SO'‘]-Ba + H®0 forms in- 
distinct yellow crystals, sparingly soluljle in cold and a little more readily in hot 
water. The valcium salt has also a yellow colour, and is much more soluble in water. 

sodium ialt forms indistinct yellow ciystals, and gives with water a yellowish 
rod solution. 

On heating the i)otas.«iuni salt with caustic potn.sh and a little water, the mass 
gradually assumes a violet colour; and if the heat has boon sufficiently high, it con- 
tains alizarin, formed according to the eipiatioiis : — 

(1) C“n'(0-)S0=’K + 2KOH = C*‘HX02)OK + K«SO» + II-O. 

( 2 ) c^^u^oooK + Koir = c'^ii«(o»)(OK)® + 

2. Anthraqiihioiie-disjilphonic AcUh C“Il*(0*)(S0*H)-, i.s formed by lieatiiig aiithra- 
quiijono with 4. -0 parts of .siilplmric acid to 270°-280°. It may also bo formed 
<lipctly from anthracene, namely by heating dichlor- or dibrom-anthracone w’itli u 
Tiiixtiiro of concentrated and funting sulphuric acid : 

= C’'H‘'(0-’)(S0=‘H)= + 2SO-’ + 411=0 + Br-’. 

C“JPCT- -I 3IP«U« = C'nP(0-(S0*H)= + S0= + 21101 + 21P0. 

(Oraebo «;i. Liebonnann, DfutL Chem, Ges. Her. iii. G3G). -According to Perkin {Chau. 
Acmw, xxii. 37)1 diclilorantliraceno dissolA'cs in fuming sulphuric acid, forming dirhlm'- 
aufhraccw-monosulphonic acid C'^IT'CT=(iSO=H), and dirhloraJithmcenc-disitf phonic acid 
C“IPCI-(S0'J1)=. Dibronianthraccno yields corrc.spoiuliiig ]>rodnct.^. Tlio disuJi’lio- 
ao'.ds, trcatcil with oxidising *'igents, exchange their bromine or cliloriiio for oxygon, 
forming aiithraquinonc-disnlphonic acid. 

This Jicid crystallises from an aqueous solution in yellow crystals, and is Ic.ss 
soluble than tlio monos ulplio*ac id. It is nearly insoluble in sulphuric acid. Its yellow 
salts dissolve in water \\ith a ycllowish-rcd colour, and do not crystallise ■well. The 
bariam salt is very sjvaringly soluble in cold water, but a little more rciidily in liol 
M'ator ; the^ calcium salt is also not very soluble. 

On heating one of the salts with potash or .soda, alizarin is produced, the fonna- 
tion of whicli, however, takes place by two stages : First, the rod colour of tho mixture 
SSg fSod^ ix)tusshim salt of an. o.xyanthraquinouc-sulpho- 


C»H«(0>)(S0»K)» + 2K0I1 = C"H«(0=){0K^ +K»S0> + IPO. 

orator, and .adding dilute sulphuric .acid, 
Milplmi dioxide IS evolved, and tho bluo colour of tho liquid clwDgcs into yellow, but 
no precipitate is formed. j > 

Iteirlt now mnrc purple, alizarin 

to the solntl f i7 ^ yellowish rod ]iri>cipitato ou adding an aci<l 

cc ate point when most of the inter- 

oul v the ab^ by shakiii^r the acid .solution with ether, which dissolves 

solution On adibn« ^ ^^^^^^[^^“l^i'nono-Bulpho acid remains in tho aqueous 

colour shows 

this nrocess alwavA non/' Present or not. Tho criuln alizarin obtained by 

^ contains some oxyanthraquinono and other colonrinir inattow, 
\ hicli modify tho colours produced ou mordanted doth. Moreover a smiji oiiantitv 

^Zi€=SSas^“S!^ 

aiSf5j5SSSs;rr^.i 

0^thragninonc..«l^h^,ic AoH, C»IP(0«){OH .._t„ tfdr «m.^d. 

tionrfSria « heated tiU tjl* 

.... 1 * »:Ii. out, (ntlior at onco or after 


ondi»»o.v,ne,tmcnu*ti« potiwh. a deep bluo solmioA 
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compound C**H*(0’) on adding hydrochloric add to this solution, it assumes 

fi yellowish-red colour, the salt being formed. The acid barium 

salt, which has been already mentioned, is moderately soliiblo in boiling water, 
1)ut only sparingly in cold water, and still loss in dilute hydrochloric acid. ' Its yel- 
lowish-red solution, like those of the other salts of this acid, becomes yellow on 
addition of hydrochloric add, and gives inth baryta-water a blue prodpitate, 

C'W(0«){^}Ba. 

AWTZUCOinra EaHmation and Serration . a neutral and concentrated 
solution of antimonious chlorido is mixed with a slight excess of gdlio aczV7, the whole 
of the antimony is sepuated as insoluble antimonious gallate. This reaction may bo 
utilised for the estimation of antimony, and for the separation of antimony from tin, 
arsenic, and other metals. 

The above mentioned combination of antimony with gallic acid is insoluble in a 
neutral or slightly acidulated liquor, but dissolves readily in more concentrated solu- 
tions of liydrochlorie acid ; it is necessary, therefore, for the success of the analysis, 
that the solution be concentrated by evaporation, and any large excess of acid volati- 
lised. The precipitate is somewhat bulky, but settles rapidly. It cannot, liowever, 
be washed on a filter, since it invariably passes through tlie filter as soon as the acidu- 
lated mother-liquor has been washed away ; the mixed mode of -decantation and filtra- 
tion must, therefore, be resorted to, which in this* particular instance presents nei^er 
iiiconvonience nor difficulty. 

Antimonious gallate dried at 100° the composition Sb^O’(C’IPO’)^ + 3H*0, 
and contains 40*85 p. c. of metallic antimony. It is exceedingly hygroscopic. 

The antimony may either bo weighed in Uia form of antimonious gallate, as the 
composition of the precipitate is perfectly definite, or the salt may be dissolved in 
hydrochloric acid, and the antimony precipitated by sulphuretted hydrogen in the 
usual way. 

Solutions of aiitimonic chloride are unfit for the estimation of this metal by gallio 
acid : they must, therefore, before precipitation, bo reduced to the state lof antimonious 
chloride. This reduction is readily effected by mixing tlio slightly acidulated solution 
of untimonic chloride with a solution of potassium lo^de, when the following reaction 
ensues — 

SbCl“ + 2KI - SbCl* + 2KC1 + V. 

Tile iodine and excess of acid having been removed by evapoiation, tho solution is 
ready to be precipitated by gallic acid. 

Separatum of Antimny from ^rsmfc.—Fotassium iodide, which in presence of 
hydrochloric acid reduces antimonic chloride to the state (ff antimonious chlorido, 
with evolution of iodine, reacts in a similar manner upon arsenic add, which it reduces 
to arsenious acid*-^ 


As*0» + 4H01 + 4KI - As*0» + 2H»0 + 4KC1 + 41. 

This reaction greatly facilitates the separation of the two metals. The antimony is 
estimated by g^lic add in tho manner already described, and the arsenic is predpitaM 
Bubsequently by sulphuretted hydro^. 

Separation of Antimony fhoim Tin, — ^Potassium iodide has no reducing effect upon 
stannic chloride, but when an excess of iodide is introduced into the solution, a double 
decomposition takes place, and the liquid consists of a hydrochloric acid solution of 
stannic iodide. Gallio acid aeparates antimony from, etannic iodide •much more 
Jeatlily ^aii from the stannic cUoride. If the quantity of potassium iodide employed 
nas been pinperlv adjusted, the antimonious gallate settles very rapidly down ; on the 
ontmiy, when the operation has been badly conducted, the antimonious gallate is 
■tonic c^d^ and the whole remains in suspension without subsiding^ 
wiis case tM liq^d thonld bs rqjeeted as unfit for a successfhl operation. 

wparation of Mfimonj/' from arsenic and tin together may also be effected in a 
wptotioli of aatimony from tin ; but the results hitherto ob- 
^rther Ttom, Norn, xxiy. 207, 221). See 

coif; pto ptolqn Of iMttim w ftum solution eontainii^ 


L.by xbetallic Iron, ac« 
of anti- 


^ on l£e ferrOnO 
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it is necesBaij to ojtcludo the air till the whole of the iron-flalt is r^ovod, which may 
for tlio most part bo eflfectod by adding hot de-acratod watop immediately after the iron 
is disBolved end decanting rapidly; in exact experiments, howovop, it is necessary to 
finrromid the vcbboI with an atmosphere of carbon dioxide {PJtarm, J, Tram» [2] x, 
612). 

Bydride of Antlmonj, or Stlblne, Sbll*. This compound acts on fused aniU 
moniovs chloride in such n manner that antimony is separated and hprdrogen sulphide 
given off. Phosphoric chloride is but sliglitly nttackod by it with formation of 
phosphorous chloride, antimonions chloride, ami liydrogon chloride. On pliosphoroui 
cldoride and simme chloride stibiuo docs not act. 


Ozldea. On the isodimorphism of antimouions oxido and arsonious oxido, see 
Ausenic (p. 104). 

Antimonions oxide dissolves easily in aqueous sodium sulphide, forming a liquid of 
the colour of clilorino-gas, from which hydrocliloric acid precipitates antimony trisul- 
pliido, witliout separation of sulphur (Unger, Arch. Pharm. [2] cxlvii. 193). 

^ Auiimonious ffydrate. By precipitating a solution of iiotJissium antimonato witli 
nitric acid, washing the procipitato, and leaving it to itself during a whole summer, 
Geuther {jenaiteke Zeitschr. vii. 121) has obtained a hytlrnto having the composition 
Il*SbO^ or 3H-0.Sb*’0*. When heated to 176°, it gives off 2 mol. water and is trans- 
formed into the monohydrate, HSbO* or IP0.Sb*0*. 

Sodium antiiuomle differs in composition according to its mode of preparation. By 
prodact of the action of potash-solution on native antimony tri- 
Bulphido witli soda-solution, tlie well known compound Na20.Sb20‘. + 7H“0 is obtained. 

fl. By boiling the filtrate from tins compound with sulphur, Na-O.Sb®b* + 6H®0 was 
ohtjiinod. h. By boiling antimony ore with potash -solution and sulphur, and preci- 
pitating with soda-solution, GNa-O.-'iSh^O* + SSH^O was formed. This salt is also ' 
produced when the hydrochloric acid solution of sodium antimonato (which separates 
from tho raothor-liquors obtiiinod in making Selilippe’s salt) is treated with tartaric 
acid, chhitod with Wfitcr, and precipitated by soda-soliition in excess. Tho solution of 
this latter salt scarcely alters tho colour of litmus. The salt itself is difficultly soluble 
in pure water ; a solution was obtained by long washing on tlio filter, containing in 
100 grams, 0-()86 gram of the salt. Sodium antimonsite dissolves but slowly in aqueous 

“8"70r34.‘^" “ Ulllk. JahrtmkPxJi 

aeo^Ln province of Conctontino in 

wate^compounds^^obUhi^Bd^coi^^ chloride with various propoitiQDS of 

2SbC10. The former of Sid gbK)». 

crystalline. The nmorphous varbt!^^« modifications, amorphous and 

times its weight of water- tho l^roating the chloride with three 
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together with a congiderabla proportion of Bchlippo’* lalt. The two rooctionB are 
represented by the following equations : — 

(1) 3Sb*S« + 6Na*0 « Na*0.Sb*0» + 2 Sb»S» + 6Na»a 

(2) 6Sb*S* + 2Na«S + 12Na*0 + 18S - 2(Na*0.Sb*0*) + 4(3Na“S.Sb*S“). 

TVhen very iinoly>pounded black antimonioua sulphide and a little strong solution 

of sodium sulphide are rubbed together and warmed to 20®-30®, a paste is formed, 
baying a fine copper lustre, and from this a body may be obtained^ having almost 
the appearance of metallic copper, and tho composition Na*Sb"S^- + 211*0, or, 
according to Unger, Na*S.Sb*S^2H*0 + 3Sb*S*. When decomposed by an acid, 
however, it yields only tlio trisulpliide. The mother-liquor of tlio copper-coloured 
body treated with an additional quantity of sodium sulphide, yields a considerable 
quantity of Schlippe’s salt. 

Tho reaction of aniimonj^ trisulphide with sodium sulphide difibre aeeonling to the 
relative quantities of tho two bo<lies employed. When the trisulphido is treated with 
a small quantity of sodium sulphido in concentrated solution, tho coppor-colburod body 
already mentioned is formed, and in large quantity if the ingredients aro healed 
together for some time out of contact with the air. But when an excess of sodium 
sulphide is used, Schlippe’s salt is formed together with a rod tarry body, which, by 
repeat ed solution in water aud evaporation, may bo obtained in deep rod flocks, having 
tho composition NaSbS*, or Na*S.Sb*S*. Tho oxygon of tho air is concerned in the 
reaction ; for when the materials aro placed together in a closed vessel, very little 
Schlippo’s salt is formed, Tho result may bo explained, bv supposing that a bo<ly 
having tlio composition Na*SbS*, or 2Na*S.Sb-^'-, is first foimod, together with Schlippe’s 
salt, aud that the former is converted by oxidation into sodium sulphantimonito and 
caustic soda, thus : — 

(1) 3Sb*S* + 7Na*S = 2Na»SbS* + 4Na*SbS*. 

(2) 2Na--SbS- -F 0 = 2NaSbS* + Na*0. 


TIio precipitate produced when tho solution of antimony trisulphido in sodium 
sulphide is poured into acids is very difihrent from the beautiful ponta- and tri-sul- 
pliidos of antimony produced by the ordinary methods, being of tho colour of iron 
oxido, or kormos : it is very bulky and gelatinous. It appears to bo anhydrous, and 
when once dried, is scarcely at all hygroscopic. 

Tliis kornius-colourod precipitate possesses the peculiar property of persistently 
retaining from 1*5 to 2 p.c. sooium sulphido, in such a manner as to bo difficultly do- 
decomposiblo by acids (Unger). 

Crocus of Antimony y the woU-known yellow body formed when antimonioiis sulphide 
is treated with caustic alkaline solution, (i. 328) has, according to Unger, a somewhat 
complex constitution. When prepared with potash it remains as an ochre-brown 
p jwder if dried at a gentle heat, aud if heated more, strongly, gives off water, melts 
with intumescenco to a glassy mass, without any sublimation of trisulphide, and has 
iho composition 3(Sb*S*.H*0) + 6(K*0.Sb*0») + 2Sb»0» 

2. Penias u Iphide, — ^According to Fr. Wurtz (J. Pharm, [4] xi. 456), this compound, 
pruparod from sodium-sulphantimonate, always contains free sulphur (which may be 
dissolved out by carbon sulphide) ; he attributes its occurrence to the fact^ that the 
mutual action of sodium c^irbonat^ quicklhno, sulphur, and antimony trisulphido, 
likewise gives rise to sodium thiosulpnato, nhich, when decompwed by hydrochloric 
acids, yields iffilphur. The same fact appears to have been noticed by several other 
observers (JuAresi. /. 1870, 366). 

Com^und of md TldomUphaU of Sodium , — By crystallisation of 

tho rod inother-liquors obtained in the preparation of Schlippe's salt, whicli contain 
mudi sodium thiosulphate, a is obtained in large ciystals, having the composition 
•»Na*S.Sb*S* + 2(Na*O.S*Q*) + 40H*O. Ifthe antimony ore which the . Semippe s 

Biilt is obtained contains arsenic, the ^nble salt will fdso be axsonical. This salt 
nystallises in a form difl^nt ftom that of Schlippe’s salt, via., in six-sided rhombic 
pyramids, very much like potassium sulphate. They have a foint greenish tint» 
onloresce, but hot r^dly, and in time become opaque and brown. Tr^ted with 
««id8, they yield a ihmare of golden sulphide with nee sulphur, amounting to one- 
tnurd of the ^ight of. the wh(3e precipitate, The saturated^pt solution of this salt 
first deposits tetrahedrons of ScnUppe’^ei^, and then sodiom thiosulphate. The 
crystals meliSrhen genUy^het^. /Hiis compound is of all known inoiganio salts the 
ono which conialna ^ httjp^iil^ber of htop^ 

Tbis mihhlBaliSiiptaa to be of ve^ eruptive 

^ks, being found In such ro^ pf tk4 knoet varioOS both chemically and 
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xnasses of Bp. gr. 3'142« Bometimes in 'vell-deiined Bix-sidod prisms, Bp. gr. 3*166, haa 
been analysed by E, Hutton {Chem, Newst acxi. 150), witJi tho following resulta 



Ca«P“0' 

CfcF» 

CaCl* 

CftCO* 

Fe«0» 

H»0 

.Sand 

Massive 

88-61 

7*22 

006 

4*47 

— 

0*08 

0*10 =* 08*64 

Ciystals 

00-82 

6-70 

0*14 

0-38 

0*10 

0*32 

0*10 = 97*86 


Iddine and Uromine in Apatite . — The apatite from the beds in the departments of 
liOt and of Tarn-et>Qaronno gave, when treated with sulphuric acid for the manufac- 
ture of superphosphate, violet vapours of iodine. The distillate treated for bromine 
by Houis* process, gave only faint traces of that clement. This phosphate may per- 
haps bo utilised as a commercial source of iodine (Kuhlmann, Compt. rend. Ixxvi, 
1678 ). 


AlKiLBZXr. Acctjjl-derivatives . — Arabia heated with 2 parts of acetic anhyilride to 
1 50®, swells up to a mass wliich, when heated with hot water and with alcohol, yields 
diacetyl-arabin C“Il"(C='H^OyO*, as an amorphous white powder insolublo in hot 
water, and yielding soluble .arabin by saponification. If an excess of acetic anhydride 
bo used, and the toniperai lire raised to 180®, triacetyl-arabin C*H^(C*H*0)*0* is 
obtained, exactly resembling tho diacetyl-compound (Schiitzonberger a. Naudin 
Zeitschr.f. Chem. [2] v. 264). * 


ABZT8, or AABnE, is a nickeliforoiis mineral found on tho At Mountain 
{liaeses Pyrenees), associated with and intimately disseminated ^roughout a mixture 
of poti’Osiio.x, chalk, blonde, ullmannitc, and galena. It is amorphous, and has the 
colour of brcithauplito. Density 7*10. Analysis gavo 


& As. Slj. Nt, Zn. 

^'7 11*5 48-6 ,37*3 2*4 => 101*6. 


These numbers calculate to the formula Ni*(Sb ; As), which is that of an arsoni- 
ferous breitliauptito (iv. 35). It would .appear, Uicroforo, that arite should bo con- 
sidered merely as a variety of broitliauptite, in tho same manner m tho nickolino. or 
copper-nickel, from Allomont, which contains 8 p. c. of antimony, is considored a 
variety of ordmaiy nickelme (iv. 36). (Pisani, Compi. rend. Ixxvi. 230.) 

formation of this variety of calcium carbonate, see 
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precipitation as trianlphidot as ammonio-mogneBic arsouafei and as uranic arsenate, 
yith the view of determining their rolatiyo accuracy. 

1.. Precipitation aa Arsenious Sitlphide, — By a number of very careful determinations 
it -was found tliat arsenious sulpliido is not perceptibly soluble in ^vatcr, but that to 
ensure complete and speedy^ precipitation of arsenic by sulphuretted hydrogen from a 
solution of arsenious acid, it is necessary that the solution be strongly acidulated, 
irith hydrochloric Jicid, for example. If the excess of sulphuretted hydrogen bo after- 
wards expelled by a current of carbonic anhydride, the preeixatcated arsenious sulphide 
does not contain any appreciable quantity of free sulx)hur that can be dissolved out by 
carlion sulphide. The precipitate may be completely dried at 100°, and may bo 
further heated in a current of carbonic .anhydride to 120°, or oven to 150°-1G0° with- 
out perceptible loss. 

The mixture of ahionious sulphide and free sulphur, obtained by passing sulpbur- 
Dtwd hydrogen through an acidulated solution of arsenious iicid mixed with ferric 
clilorido, may be com^ctoly freed from uncombined sulphur by digestion with carbon 
sulphide ; but the precipitate of arsenious sulphide and sulphur obtained by tlie 
action of sulphuretted hydrogen on arsenic acid is more difficult to deal with. If 
the sulphur is precipitated from a hot solution (at 75°) it becomes very intimately 
mixed with ths arsenious sulphide, in the form of lit tle globules, from which it cannot 
be comx>]ctely extracted by ammonia or by digestion in the cold with carbon sul- 
phide. The sulphur may, however, bo easily dissolved by removing the precipitate 
from the filter as completely as possible, and digesting with carbon sulphide in a 
water-bath. 

Good roBUlta are likewise obtained by determining tho arsenic indirectly in the 
precipitate produced by sulphuretted hydirogen — after drying till constant and weigh- 
ing— by asidation of the sulphur and precipitation as barium sulphate. Oxidation 
will] potassium chlorate and hydrochloric acid generally involves a loss from volati- 
lisation of the arsenic as arsenious chloride. Bed fuming nitric acid, however, answers 
vor}» well, because it boils below tho melting point of sulphur. The oxwation may 
also bo efFected after exhausting tho sulphide on the filter with ammonia, then filter- 
ing and evaporating to dryness. 

Tho method of oxidation in an alkaline solution (KHO) by passing a moderate 
ciiiTcnt of chlorine through a warm solution containing excess of pure alkali, as well 
as the two other motliods, usually gives a little more sulphur; on account of the 
precipitated boidum sulphate retaining, ns Presonius has shown, a little xmtnssium 
chlorate, chloride or nitrate, especially the latter, which must bo removed by fusion 
of tho barium sulphato with sodium carbonate, dissolving the residue in hydr^hlorio 
acid, and precipitating again as barium sulphate. It is obvious that the indirect 
method of estimating the arsenic by determining the sulphur in the precipitate may 
likewise be controlled by direct estimation as ammonio-magnesic arsenate. 

2. Precipitation os Ammonw-moffnesium Arsenate. — This salt, when dried in a 
wiciium over sulphuric acid, has the comxxwition (NH^)MgA80* + 6H*0. A^r 
drjing at 100° it contains 2(NH*)MgAsO* + H®0, and on i^ition yields magnesium 
pyro-arsenate, Mg*4«®0’. The temperature should be raised ^adunlly to avoid 
rodiiction of arsenic to arsenious oxide by tho escaping ammonia, and consequent loss 
hy volatilisation. 

Pallor has carefully determined r (1) the solubility of this salt in the various saline 
and other solvents with which it is brought into contact during jirodpitation ; (9) the 
host .and readiest methods uf drying ; (3) the best means of oonvorbng tho arsenious 
sulphide into arsenic add in order to estimate it aa nttonio-magnesiiim arsenate. 

Tho Gxpei^imeiits on the solubility of tho salt le^J^pe following results 
SolnhilUp in pure dietiUed mter.^l part oflwpredpitate dried at 130° dis- 
Bdved in 2652, or 1 pe^ of the anhydrous arsenate In parts of water. 

BciubUity th weak amtiWnia (1 part of amihonia of '98 sp. gr., diluted with 3 
parts of water).— 1 part of the salt dried at 100° jiisi^olved in 15151, and 1 port 
of the anhydrous arsenate in 15904 parts of this aqueous ammonia. 

SolttbUttp is a dihte eoluticn of ammonium ddorida M part of the salt dis* 
solved, in 60 ports of water).-!-Tho amopt of arsenate was determin^ by 

^moving the. aneoiQ.. as arseniona aulram uid pr^pitadon of the magnesia; in 
wo* filtrate by moarts i^v sodium nhosph as magnesium py^ 

phosphate. 1 thi salt dric^ the; 
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BolMiUy in a solution eontaininy 10 parts of ammonium chloride, 10 parts of 
ammonia, sp.gr. *96, and 60 parts of water . — 1 part of the arsenate dried at 100® 
teqniros 2870, and id the anhydrous salt 3022 parts of this mixture. 

SdvhUity in a solution of magnesium sulphate (13*3 parto of the crystallised salt 
dissolved in a litre of water).— 1 part of the arsenate dried at 100® required 2763, 
and of the anhydrous salt 2900 parts of this solution. 

SolubUiiy in magnesia mixture (1 part of MgSO*, 1 jiart of NH*C1, 4 parts of am- 
monia, of sp. gp. *96, and 8 parts of water). — The mixture was diluted with 20 parts 
of -water, and contiiincd 72*58 grams of the crystallised magnesium sulphate per litre. 
1 part of the crystiillised dried arsenate dissolved in 3 1483, and 1 part of the anhydrous 
salt in 32827 parts of the mixture. 

Solubility in sodium arsenate (2 parts of the salt in 100 of water). — 1 part of the 
dried arsenate dissolved in 4386, and 1 part of the anhydrous salt in 4604 ports of 
the solution of sodium arsenate. 

Solubility in a2p.c. solution of ammonium nitrate, rendered slightly ammoniacal. 

1 pirt of the arsenate dried at 100® required 4184, and 1 part of tho afahydrous salt, 
4389 parts of the nitrate solution. 

^ Solubility in a 1*5 p. c. solution of potassium chloride . — 1 part of the dried arsenate 
dissolved in 2-140, and 1 part of tho anhydrous salt in 2661 ports id tho solution of 
potassium chloride. 

SotuMlily in a solution of ammonium (prepared by dissolving 3*6 grams 

of tartaric .acid in weak ammonia, to slight alkaline reaction, and diluting to 260 c. c.)— 

1 part of tho di'iod arsenate dissolved in 1410, and 1 part of tho anhydrous salt in 
1422 parts of tho tartrate solution. 

SolubUity in ammonium citrate (propored by dissolving 2*5 grams of citric add in 
ammonia, to weak alkaline reaction, and diluting to 250 c.c.).— 1 part of tho arsenate 
dned at 100® dissolved in 889 parts, and 1 part of tho anhydrous salt in 983 parts of 
tlio citrate solution. 

It appears then that ammonio-magnesium arsenate is somewhat soluble in dilute 
ammonia, but that an excess of magnesia mixture renders tho separation of tho pred- 
pitato more complete. 


fitiX ^ ® pMcipitated ammonio-magnesium arsonato, Puller 

wato/nf ® coiwidoroblo time over sulphuric acid, it contains 6 mol. 
at 100®-102® drying ovnr tho watop-bath, or in anair-bath 

and l>®tween 108® 

dried at 130^ ^ portion of this water, and a considerably greater portion when 

bo^^ropcate^^v the ammonio-magnosium arsenate, it has 

Wittstcin and others to ignite, ns is done with the cor- 
dried at 100® rn mr ’ ‘''*’ojgh as pyro-arsenate. On igniting portions of the salt 
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dissolving in hydrochloric acid and reprecipitation with ammonia eliminates any 
slight admixture of magnosiiuii compounds. Traces of a sulphate and likewise slight 
traces of arsenic, as indicated by barium chloride and by sulpnurettod hydrogen, were 
invariably found. ]3j precipitating a standard solution of sodium arsenate with 
varying quantities of the mixture of sal-ammoniac and magnesia salt, it was found 
that a trifling quantity only of magnesium hydrate or basic magnesium sulphate is 
precipitated with the nrsoiiato ; that especially, a concentrated solution of sal-ammoniac 
interferes with the precipitation by holding a little of the ammonio-magnosium nrsoiiate 
in solution, whereas a small excess of magnesia mixture ensures complete precipitation; 
lastly, that the errors arising from the precipitation of a little basic ' magnesium sul- 
phate, and from the solubility of the ammunio-magnesium arsenate, nearly noutroliso 
oiich other, unless an excessive amount of magnesia mixture and sal-ammoniac is em- 
ployed. !^llor proposes to allow for every 16 c. c. of tho flltrato *001 gram of arsenate, 
and recommends precipitating only once, on account of tho solubility of the arsenate 
in sal-ammoniac. 

lie arrives at the conclusion that tho detormination as magnesium pyro-arsonato 
according to Wittstoin, when carofiilly executed, is as accurate as could well be desired, 
and far nioro expeditious than drying at 100°, For like reasons, ho recommends 
tho uso of rod fuming nitric acid, in preference to nil other methods of oxidation 
(especially after removing tho greater part of tho precipitated arsenious sulphido 
mechanically from the filtor-pipcr, and extracting tho last traces with ammonia), in 
order to convert tho trisulphido into arsenic acid. Tho excess of acid is evaporated, 
and tho residue dissolved m a little hydrochloric acid. 

3. Letcrmitiatwn as Uranic Pi/ro-araenate, 2(UO*)" As*0^ 

On adding uranic acetate to a solution of an arsenate in water or in acetic acid, a 
precipitate of uranic arsenate (UO*)'TfA60* + 4IPO, is obtained, which loses its 
water at 123°. In presence of ammouium salts a glutinous yellowish green precipitate 
of ammonio-iiranic arsenate (UO^y'NH^AsO* + aq is left, insoluble in ■water and 
nwtic acid, but soluble iiv mineral acids* On ignition, light yellow uranic pyro-arson- 
nte ‘2(UO*)".As’0^ is obtained. Tho precipitation is assisted by boiling, and tho 
jweipituto subsides more readily on adding a few drops of cliloruform to the warm 
solution, and then boiling up again. Tho quantitative results being, however, unsatis- 
factory, Puller found that, on ignition, a small portion of the salt is reduced by tlio 
escaping ammonia gas. This source of error was to a groat extent eliminated by 
Igniting, as in the case of tho corresponding magnesium .arsenate, with great care, 
heating first over a sand-bath, then on a hot iron plate, and lastly over tho bare fiamc, 
or by igniting at once in a .current of oxygon. 

Plxcess of ammonia or sal-dmmoni.'ic exertod no disturbing infiuonco. Conversion 
of freshly precipitated arsenious sulphido into arsenic acid by moans of potassium 
chlorate and hydrochloric acid, or by treating with fuming nitric acid and subsequent 
precipitation in an acetic solution as ammonio-uranie arsenate, gave very good results ; 
and since the precipitate could bo readily washed out — desidor.'itum of no small 
importance — this metliod of determining arsenic is strongly recommended as prefer- 
able to all other methods. 

Vclimehio (Waits, ^eitBehr.anal. Ckem. x, 168). Tho metliods gonemlly 

used for estimating arsenious adS volumotrically are : 1. by means of free iodine; 

'r? potassium dicliromato ; 8. by moans of potassium pemanganate. 

rho iodine method depends upon the conversion of arsenious into arsenic acid in 
alkaline^ solution j in an add solution arsenious add can exist in presence of iodine 
pr chlorine, and is only partly converted into the higher oxide. The alkali must be 

V ^ of a. carbonate, for a caustic alkali conimnos with the iodine. 

Normal sodium carbonate fixes iodine, but the add carbonate does not; a 
solution saturated in the cold should be nse^.' In employing a standard solution of 
o^onious acid in hydtodiloric acid, the free add must bo noutmlised wilh caustic 
or add sodium cadxmato. With an excess of this latter salt, good results are 
obtained, 

^periments mads with the vielr of convertiiig predpitMtsd arsenious sulphide into 
oisenious i^d by the action of ah atnmoniaoal eolution m silver nitrate upon the 
^iphide disaolm in ammonia, hi wolf is ht means of i^hly predpitatod bismu- 
^ouB hydrate,' and shbitithtiag in this the tdsulpMdWvrhieh can be obtdned in a 
state of greajt pqrity-^fiiur the txioxide, were unsuooeisfhl, ah the ri>acti<>n is neyer quite 
^^mplete, t6 the fihmatlon^^o^^^ 
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chloric must bo avoided. Aoselor succeeded iu oxidising aiseniouB snlphi^ by 
trei^ting it in a hydrochloric acid solution "with mercuric chloride, a saturated solution 
of 'which converts the sulphide, slowly at the ordinary temporatiire, more rapidly on 
the application of a gentle heat, into the trioxide. The reaction is over when the 
mass has become white. The experiments of Waitz show further, that the mixture of 
trisiilphidc and sulphur which is obtsiined when a solution of arsenic add is piedpi- 
tated with sulphuretted hydrogen, cannot bo converted directly into arsenious ^d by 
digestion with mercuric chloride, on account of tlio dense nature of the precipitate, 
Jjut that it is readily acted upon, after dissolving out the trisulphido by means of 
dilute ammonia, and rcpvecipitating with hydrochloric add. 

The oxidation of arsenious into arsenic add by means of potassium permanganate is 
never perfect {Zeiischr. anal. Chem. x. 168), and a volumetric method based upon this 
reaction was found to bo most untrustworthy; but, by adding excess of permanganate, 
more than double the amount required according to theory, and standardising back 
with a solution of ferrous sulphate, very accurate results were obtained. 

The volumetric determination of arsenic acid by means of uranic acetate in presence 
of free acetic acid and an alkaline acetate was not found to yield trustworthy results. 

On the Separation of Arsenic from tin, sea Tin. 

Arsenlo ftnd Araeoioua Acids and Oxides. Crystalline Form of Arsenious 
Crystals of this body from the Halsbriick Works, near Freiberg, hare been 
examined by P. Grotli {Pogg. Ann. cxxxvii. 414). They are rhombic prisms, having 
a broadly tabular form from predominance of the faces which truncate the acute 
edges. The axial ratio is a \ b \ c = 0*3768 : 1 : 0*3600, which is sufficiently 
near to that of rhombic antimonious oxide (antimony-bloom), viz., 0*3869 : 1 : 0*3710, 
to show that these two similarly constituted bodies are isomorphous. In their optical 
properties the two oxides differ considerably. Their specific gravities in both forms 
are os follows ; — 

Ab^O" Sb*0* 

Bogular • • • « 3*70 . 6*26 

Bhomhic • . • . 4*25 . 6*57 

Peaciion of Arsenic Acid with ITydrocUoric Add , — Eoso {Po^g. Ann. cv. 673) found 
that a concentrated aqueous solution of arsenic acid distilled with fuming hydrochloric 
acid yielded a distillate free from arsonic, no volatile chloride of arsenic being formed. 
Acconling to Mayerhofor, however {Ann. Ch. Pfiarm. clviii, 326), the distillate thus 
obtained alw’ays contains arsonic, hydrochloric acid of sp. gr. 1*1 yielding tracesj and 
fuming hydrochloric and considerable quantities of arsenic in the distillate. This 
result depends upon tho reducing action of hydrochloric acid on arsonic acid, whereby 
arsenious acid and chlorine are produced, tho arsenious acid being thus converted by 
the excess of hydrochloric acid into arsenious chloride, -which distils over. Arsenic 
anhydride reacts with hydrochloric acid gas, oven in the cold, forming chlorine-water 
uiid arsenious chloride : — 


As^O* + lOHCl = 2AsCl® + 6H*0 + 2C1*. 


It follows from thoso results tliat hydrochloric acid cannot bo freed from nrsenic 
by heating it with chlorine or with manganese dioxide, to convert arsenious into 
arsenic acid, and then distilling. The purification may however bo effiictod by 
BettondorfTs method with sUinnous chloride (Ist Suppl. 216), or by diluting it with 
w'ator, and submitting it to prolonged treatment with hydrogen sulphide. 

PreparaHon of Crystallised Arsenates.— W. Skoy (Chem. Pews, xxii. 61) has 
obtained the arsenates of calcium and zinc in the crystalline form by mixiiig the 
solution of a calcium or a zinc salt with a soluble arsenate, in s-uch DTotNvrtion thst 
the liquid shall remain acid, 
more complete results have 
(1st Suppt, 222). 


and the precipitation shall take place slowly. Similar ao6 
) previously been obtained by Sebiay and by Iiecha^er 


When arsenious acid or an arsonito is treated with aodlum-ama 
substance is produced which reduces potassium permanganate and the ialta 
silver, mercury, and copper at ordinaiy temperatures. The oolourleM 
Bolution docomposos gradually, turning brown and giving off arsenett^ 
(Frfimy, Compt. rend. 1m. 61). b 6 

Arsenious oxide is attacked by phosphorus trichloride at 
brown from separation of arsenic. On raising the heat to ISO^’to ' 

exhibits the chiu»ctera<ff anemons chloride, AsCl*, boiling at 1S4V 




ABSENIO. ' 105 

Bolid bodioa consist of metallic araenic and pliosphorio oxide. The reaction may 
thoroforo be represented by the equation : — 

6As*0» + ePCl* « As* + 3P*0» + 6AsCP. 

Arsenic oxide, As*0*, is not acted on by phosphorus trichloride, oven at 200^ 
(Michaolis, Jenaische Zeitachr, vi. 230). 

Separation of Arsenmis and Arsenic Acids. — ^Tho mixture is distilled with sul- 
phuric acid and sodium chloride, whereby the arsenious acid is converted into 
arsenious chloride, which distils over, while the arsenic acid, being unacted on, remains 
in tlie retort. The distillate is treated with hydrogen sulphide. The arsenic acid in 
the residue of the distillation is reduced to arsenious acid by sulphurous acid; the 
arsenic then precipitated by hydrogen sulphide ; the precipitate dissolved by h^ro- 
chloric acid and potassium chlorate ; and the arsenic acid tliereby produced is pre- 
cipitated as ammonio-magnesian sulphate. This gives the quantity of arsenic acid 
originally present. The sulphide precipitated from the distillate is treated in the 
same manner, and thus the quantity of arsenious acid is determined. This method 
may be applied to the estimation of arsenic in commercial ihchsine, in which both 
the acids of arsenic are generally present (Biocker, Zeitschr, anal, Ckem. ix. dl6). 

Arsenic Ethers. (Crafts, J, Pharm, [4] xiii. 250). Ethyl Arsenate has been 
already described (Is^ l^ppl. 226). 

Methyl Arsenate^ (CIP)*AsO*, is prepared by the action of methyl iodide on silvor 
arsenate. It cannot ho distilled witliout decomposition at atmospheric pressure ; the 
greater part, however, distils undccomposed at 213°-215°. Under the pressure of 60 
mm. it distils at 128°-130°. Its specific gravity at 14*5° is 1'56D1, that of water at 4° 
being 1. It resembles the etbyl-compound in all its properties. 

Amyl Arsenate is pro^red in the s^imo manner as the preceding compound, but it 
has not been obtained quite pure, on account of its partial decomposition at the boil- 
ing ppint, oven in a vacuum. It undergoes decomposition with water as easily as the 
other ethers of arsenic acid. 

Arsenious Ethers. The properties of ethj/l arsenite have also been described 
(l.«^ Sup^. 221). The best mode of preparing it is by tho action of sodium ethylate 
on acsonious chloride or bromido in alcoholic solution : 

8C*H>NaO + AsBrs « 3NaBr + (C*H»)»AsO*. 

This mode of preparation is complicated by a socondai^ roactioD, whicli becomes consider- 
able when a certain proportion of ethyl arsenite is formed in liquid. Sodium 
ulcoholate, in fact, act.s as readily upon ethyl arsenite as upon arsenious bromide, ao- 
coitling to tho equation : 

(C»IP)*A80» + 3C*H»NaO = Na»A80* + 3(C»H*)*0. 

I'or tills reason a quantity of sodium othylato is employed, sufficient to react with 
threo-fourths only of the arsenious bromido, so that at tho end of tho operation there 
remains a mixture of the bromide and ethyl arsenite. These liquids are separated by 
passing into tho solution a current of dry gaseous ammonia, which forms with tho 
arsenious bromido a compound insoluble in alcohol and ether, whilst it does not affect 
tlio ethyl arsenite. The liquid is then filtered, and tho ethyl-compound is obtained 
pure by distilling off the alcohol or other with which it is mixed. 

Bthyl arsenite is not acted on by dr^ ammonia, and may oven be distilled in the 
gas witliout alteration. It undergoes with hydrobromic acid a decomposition the re? 
Torse of that which usually takes place between haloid acids and ethers, thus : 

(0“H»)»A80» + 3HBr « 3C*H*HO + AsBp>. 

Methyl Arsenilet (CH*)*AbO*, is formed under the same efinditions as the ethyl- 
compound. It boils without decomposition at 128°-129°. Its density is 1*428, that 
of water at 4° being 1. The density of its vapour at 197° is 6*006. In its other 
properties it exactly resembles ethyl arsenite. 

Amyl Ar^ite, (C*H**)”A80’, obtained by the action of i^um amylate on arsemoos 
bromide, distils under the ordinaxy pressure at 288°, wiUir partial decompositimt, and 
nuaor tho pressure of 60 mm. at 193°-104°, without decomposition ; it resembles 
jno corresponding ethyl- and methyl-compouUds, and is easily decomposed by water, 
. atmosphere, or aqueous aloohoL 

oifforenoos in boiling point due to the substitutaqo of methyl ftr ethyl in these 
as those which are observed in most ethers of otgame adds ; 

ne othera of arsenic acid are not the same as for those of arsenious 

ecia. (Crafts.) ' . * 
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ArMnio noiphlde* FAb, ia pupdiiced, with eTOlntion of hydrogen chlorido, \rhon 
dry araenottod hydrogen is passed over phosphorus trichloride, or phosphorottod 
hydro^n over arsenic trichloride. It has a bright reddish-brown colour when first 
doTOsited, but becomes dark and lustreless when dry. It is insoluble in alcohol, other, 
ana cliloroform, but dissolves slightly in carbon sulphide. Sulphuric and hydrochloric 
acid have no action on it in the cold, but appear to dissolve it partially when heated. 
Strong nitric acid oxidises it, with production of fiamo, and the same acid, when dilute 
and warm, oxidises it readily to arsenic acid and phosphoric acid. Potash-solution, 
ammonia, and baryta-water decompose it slowly in the cold, and more rapidly on the 
appliration of lieat, phosphoretted hydrogen, arsenettod hydrogen, phosphorous acid, 
arsenions acid, and metallic arsenic being produced. After long heating, the solution 
contains phosphoric acid and veiy little arsonioiis acid, tho greater portion of the 
arsenic having separated in tho motnllic state. When arsenic phosphide is heated, 
it bums to arsonious oxide :iiid pho^horic oxide, and when heated in a closed 
vessel it is decomposed, the phosphorus subliming before the arsenic. When arsenic 
phosphide is treated with water, a substance having tho composition Ab*PH)* is ob- 
tained. This substance is not much acted on by acids, with the exception of nitric 
acid. With alkalis it reacts like arsenic phosphide, but a considerable quantity of 
arsenic is set frooevim in the cold. It is decomposed slowly when heated to 100°, and 
rapidly at 260® (.Tanowsky, Dent. Chem. Ge^. Ber. vi. 216). 

Pelletier described a phosphide of arsenic produced by melting phosphorus and 
arsenic together under water; but, according to Janowsky, the product thus formed 
is not a definite compound, since it yields up its phosphorus to carbon sulphide. 

Sulphides of ArsenlCa These compounds have rccontly been examined by 
Nilsson (Dent. Chem. Ges. Bet. iv. 989), who has como to tho conclusion that arsenic 
forms only three definite sulphides, viz., As-S*, Ah-S“ and As*S*, tho black sulphide 
A8**S described by Berzelius, and the higher sulphides, As’^S'® and As“S'=, being merely 
mixtures. 

1. The hUul^hidCt Ab®S*, docs not possess tho power of forming salts, as Stated 
by Berzelius. 

2. Trmdphide or Arsenimis Sulphide^ As-S^. — Alkaline siilphydrates, saturated under 
ordinary circumstances with tho trisulpliido, yield, for the most piirt, brown amor- 
phous compounds having tho general formula, B*S. As'-’S* + ar aq. Strontium alone 
yields^ a bibasic salt. In a vacuum, on (bo other bind, larger quantities of hydrogen 
sulphide are driven ofif, and well crystallised salts of a more basic character are ollen 
obtfiinod, tho sulphides of barium and strontium yielding the salts, 2irS.A8*S* and 
3 R"S.Ab*S*, and calcium sulphide forming tho salt 7Ca.S.As=S* + 26 aq.— In tho case 
of tlie true alkaline Bulphydratcs, tho iiicreaso<l elimination of hydrogen sulphide is 
accompanied by a totally diffonnit reaction. With the sulphydmtos of potassium and 
sodium, metallic arsenic is separated, and a salt of arsenic sulphide, 3R*S.A8*S®-H«nq., 
is formed. Ammonium sulphydrato, (NH^)-S.II^S, forms witli arsenions sulphiclo, 
under all circumstancos, the salt (Nffy-faSAs^S® ; nirefaction of tho air merely 
causes the escape of ammonium sulphide, together iritli the hydrogen sulpliide. 

salts are produced by treating tho monobasic salts with water, thus 
K S.As^S® 4- 6 aq., gives at first K*S.2 Ah®S*, and after prolonged boiling witli water, 
the triacid salt, K*S.3As®»S®. When tho calcium salt, Ca8.AB*S’+ 10 aq., is treated 
with cold water, the brown salt, .CaS.4A8*S*+ 10 aq., remains behind, while warni 
water loaves the yellow salt, CaS.9As*S*. 

The triacid sulpharsnnites of potassium and sodium are also formed, when a boiling 
solution of the corresponding carbonate is mixed to saturation with arsonious sulphide. 
The bisulphide AsS* is then also formed,' together with well crystallised ox 3 rsulphar- 
seimtes, namely, with potassium, tho previously known salt, K*O.Ab*S* 0" + 2- oq. ; 
With sodium the salt Na*0.2A8*S»0* + 7 aq. 

^Jhe saturating capacity of arsenious sulphide appears therefore to bo cdpable of 
wide variation, inasmuch as salts exist containing 1, 2, 3, 4, 6, and 9 mots, of Ab*S*, 
to 1 mol. R*S, besides basic halts with 2, 3, 7 R®S to 1 Ab*S*, or 3R*S to 2A8*a». 

1 .J* ^^^vlphide or Arsenic Sulphi^, As^Bl— -The procipitato thwwn down by 
® dilute solution of sodium sulpharsenate, is a 8tilphydfato» 
8H*S.A8*S®, which gives up the whole of its hydrogen sulphide only after 
boiling. ^ 

By dissolving tho pentasulphido in alkaline sulphydratos, the folloWng 
obtained 

3K*S.As*S»+2H*0. 

3Na*aAB*S»+ lAlf*0. 

6(NH^)»S.3A8»I3* (amorphous). 

8BaaAB*S« + 2BaS.A8*S» + 8H*0. 


8SrS.Afl*S» + 2SifS. Ab*S* + • : 
•6CaS.2AB*S» + l2H»a. 
fiMg.S.2AB*S> + 80H*O. ^ 
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Most of theso salts oro §-basic, and m somo of thorn the pontasulphido of arsonio is 
partly reduced to trisiilphido. 

^ G61is {Compt. rend. Ixxvi. 120d) also finds that the compounds of sulphur and 
arsenic are not so numerous as was formerly supposed. Sulphur heated with excess 
of arsenic forms only one product, viz., the bisulphide, which is opaque, has a 
corabred colour and a crystalline fracture. When tho sulphur is in excess, a mixture 
is obtained consisting of tho pentasiilphide and freo sulphur, from which tho former 
may be dissolved out by ammonia. If the mixture bo distilled in an earthenware 
retort, sulphur goes over first, then a mixture of sulphur and arsenic, and tho residue 
in the retort consists of arsenic pentasulphide. If tho distillation ho continued, the 
pontasulphido decomposes into sulphur and arsenic trisulphide, and tho latter may 
bo distilled without decomposition. 

The mixture of sulphur and arsenic which distils over after the sulphur, when 
treated several times with carbon sulphide, yields a product conhiining from 9'27 to 
11 -41 atoms of sulphur to one of arsenic. As these numbers agree nearly with 
the formula Ab*S'*, Gl41is suggests that the compound thus obtained may bo regarded 
as an arsenic pentasulphide containing five pairs of sulphur-atoms united into 
bivnlent groups : As* (S — S)*. 

When sulphur and arsenic are heated together in proportions within the limits 
indicated their two extreme compounds, As*^* and As*S^, mixtures of di-, tri-, and 
pentasulphide aro obtained according to tho quantity of each used ; tho trisulphide 
being either formed directly or from tho decomposition of tho pentasulphide. 

ASSSnc-O&AXrcil. This name has been given to two minerals from tho Falm- 
treo mine at Marionberg, in Saxony: one of which, distinguished by brilliant metallic 
liistpe and perfoct moiiotomic cleavage, was found by Korsten to contain 97 p. c. 
• arsenic and 3 p. c. bismuth ; while tho other, which occurs in irre^ilar plates and 
nodules, appears to bo merely impure metallic arsoiiic, its analysis giving : 

As. Bb. Fc. Nl. B. 

02*80 2*28 1*00 0*26 1*06 = 98 00. . 

Both varieties when sot on fire continue to burn with a glimmering light. This 
property was shown by v. Kobell to belong to all yarioties of finely divided arsenic, 
whence he inferred that arsenic-glance is not a distinct mineral species. It is^ most 
probable, liowevor, that tho first-mentioned mineral is really a distinct species, as 
its specific gravity, 6*3, is lower than that of cither of its constituents, viz., arsenic 
6*7 and bismuth 9 ‘7 (Fronzel, Jahrh.f. Mineralogic, 1873, 26), 

AMXXrSS. Pure arsine or arsenetted hydrogen, AsII*, is best obtained by the 
aetiuii of dilute acids on sodium arsenide, prepared by heating sodium in the impiize 
gas ovolvod wlien ari^nical zinc is treated with dilute acid. 

When dry /irsino is passed over phosphorom chloride kept cool, hydrogen chloride 
is ovolvod, and a phosphide of arsenic, AsP, is deposited. 

Whou arsine is passed into areenioua chloride^ hydrogen chloride is ovolvod, and 
metallic arsenic is deposited : 

AsCl* + AbH* 3HC1 + As*. 

When arsine comes in contact with concentrated sulphuric acid, hydrochloric acid, 
or moist hydrochloric acid gas, metallic arsenic is deposited, and this deposited 
arsenic dissolves in sulphuric acid on tho application of heat» sulphurous acid being 
evolved (Janowsky,*!^^. Chem. Gee, Bcr. ti. 216). 

Compounds of Driethylarnne with BloHnous Chloride. — When triethylarsina is 
added by drops and with agitation to a concentrated aqueous rolution of plaiinio 
chJonde mixed with an equal volume of alcohol, great heat is evolved, the so- 
lution becomes lighter in colour, and ultimately brownish-yollow, and on Cooling 
deposits sulphur-yellow crystals, consisting of a mixture of two isomeric bodies, 
2As(C*H*)".Pt01®, one soluble, the other insoluble in other. Theu^ fomatibn is 
roprosentod by the equation : 

3As(C*H»)* + PtCl* - Ab{C»H»)*C 1* + 2A8(C*H*)» PtCl*. 

The soluble salt separates from the ethereal solution by spontaneous evaporation in 
transparent amber-colou^d crystals, isomoiphons with the corresponding phbsphine^^ 
compound.^ From boiling alcohol' it crystallises in more slendbr, opaque, suljhur- 
yollow prisms. The isomeric salt, inmible in ether, dissolves easily in boiling 
alcohol, and crystallises therefrom, on cooling, in long prisms of a faint yellow 
colour. When a solution of either of theso salts in absolute alcohol is treated with 
an alcoholic solution of hrondde, iodide, eidphydrttte, or ooetdH of pptaseiiim, chloride 
of potassium sepsrates out, and the ablution when eVapbroted yields well cr^tallised 
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oompoands, ha^ng tho composition of the salts above described, with bromine, iodine,' 
&c. substituted for the chlorine. Both the isomeric chlorine salts unite with tri- 
eth^larsine, forming tho compound 4AB(C*H*)*.PtCr*, analogous to tetranAnonio- 
platinous chloride (Cahours a. Gal, CompL rend. Ixxi, 208). 

' Talladium-Compmnd . — Pallodic chloride reacts with triothylarsino in tho same 
manner as platinic chloride, forming the compound 2As (C*H*)*.PdCl*, which crystal- 
lises in largo transparent reddish-yellow prisms, isomoiphous with tho coirospondiug 
phosphine compound (Cahours a. Gal). 

Odd Ctmpound , — An alcoholic solution of auric chloride, to which triothylarsino 
is added drop by drop, becomes heated and decolorised : it is necessary, however, to 
cool the solution, as othenf^ise metallic gold will bo separated. The colourless 
filtrate yields by spontancou.s evaporation splendid long colourless prisms of tho salt, 
As(C*H*)*.AuCl, isomorphous with the corresponding phosphine compound (Cahours 
a. Gal). 

ASBO&Air. A specimen of this mineral from Saalfeld was found by v. Koboll, 
(Munch. Siiauvffsbcr.j 1870, i. 46) to contain lithia, also 64 p. c. Mn^O^ 4CaO, 0-61 
CuO, 13-4H20 and 23APO*. 


ABB OF OBOAirZC BOBllSS. Incifteration with Bismuth Oxide, — Considcr- 
ablo difiiciiKy is often experienced in ofibeting conveniently, and without loss, tho 
ineiiieratiun of animal and vegetable substances, especially when some of the mincrtil 
constituents are volatile, or when the ashes so obtained are fusible. Many and 
various remedies have been devised to overcome Oieso obstacles, such as tho atklition 
of spongy platinum, the carbonates of barium and sodium, oxide of iron, &c. ; but 
tho utility of those substances is questionable ; and furtlior, their use violates one of 
the principal laws of chemical analysis, which forbids the employment of any reagent 
which cannot bo readily eliminated, or whicli may possibly already exist as a uatuiul 
constituent of the sub.stancc analysed. 

B^hamp (Compt. rend, Ixxiii. 337) recommends tho employmont of bismuth oxido, 
in tho form of a standard solution of the nitrate, as a reagent fulfilling all the condi- 
tions required. It is sufficiently infus*ible, funiishos a certain quantity of oxygen, is 
never met with in organised bodies, and can bo easily eliminated by a volatile reagent 
inca]Ni,blo of acting upon the products of combustion; ami, finally, it forms with sul- 
phuric and phosphoric acids, and with chlorine, combi nations sufficiently stable to 
resist tho moderate degree of heat atw'hich tho incineration takes place. Tho combus- 
tion is made in the following manner: — 

_ Tho matorijil, in a finely divided steto, is impregnated with a known volume of the 
bismuth solution, carciully dried and burnt. The ash is then treated with nitric acid, 
or, if tliero is no objection, with dilute hydrochloric acid, in w'hich, if tho operation 
has been successfully conducted, the whole should dissolve. Tho cold solution is 
decomposed with sulphuretted hydrogen, and tho bismuth sulpliiilo having been 
filtered off, tho liquid is submitted to analysis. When the ash contains phosphates, it 
may bo exhausted with very dilute nitric acid, in which bismuth phosphate is insoluble. 

Analysis of Plant^Askes. Bunsen (Zeilschr. anal. Chc/m, ix. 233) has assimilated 
tho analysis of phint-ashcs to that of mineral waters, in so far that, by tho introduction 
of carbonic acid, ho obtains a mixture of neutral salts, and analyses the soluble portion 
separately from the insoluble. By this means it becomes possible to clieck the 
analytical results by calculation, since, in a correct analysis tho sum total of the 
bases must be equivalent to that of the acii^. Tho usual method, of comparing the 
total of the results with the quantity of substance employed, cannot be depended upon 
as a venfication, if caustic compounds oro present, as it then booomes impossible to 
obtain an exact estimation of the water and the carbon. 

ABKMABirA. SeeMA»NA. 


- COOH-CHNH»-CH»-CONH*. 

{*. Pina found asparagine in vetches which had been grown exposed to 

bright light, as well as in those grown in darkness. Some years afterwards l^teur 
(Ann. Chtm, Fh^. 1867) a large quantity of vetches in the garden of the 
Academy at St^burg, but did not obtain a trace of asparagine, from 200 
sap, whilst he found abundance in vetches grown in the soil in a oeUar., To 
throw further light on the question, Cossa {Gassetta clnmica ‘ 


ux Miuoo ™vii ill a cellar no oDtaincd 13*50 grams, the aiT»A» 

proved tobe identialin ^th cases ; similar results weiS obtained in^eSon^ 
August and September. Bastour's failui-o probably arose him t-bf 
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the sap of retches, especially when grown exposed to light, readily ferments, the 
asparagine being decomposed and ammonium succinate being formed. 

Formation from inactive AaparHo Wlien the silver salt of this acid, prepared 

from asparagine, J^^ntly healed with othyl iodide and a little alcohol, monothylic 

aspartate is obtained as a crystalline substance, which may be dis- 

ICOOCSH* 

solved out by other, and, when heated with strong aqueous ammonia, is converted into 
aspaiugine, exhibiting all the properties of the natural product : 

fCOOH fCOOH 

C^HNNHs + Nua ^ hOC*H» + CPHMNIP 
ICOOC^H* ICONH* 

Ethjlic Aspartate. Alcohol, Asparagine. 


(£. Scliaal, Ann. Ok. Pharm. clyii. 24). 

Action of Hydrochloric Add . — ^When dry hydrochloric acid gas is passed over as- 
paragine for tliroo days, and the teinpemturo is gradually raised to 180®, a white 
hard muss is formed.^ The same product is obtained by boiling asparagine with 
strong hydrochloric acid and heating the dried mass in a current of carbon dioxide 
first to 120® and afterwards to 200®. * 

The body thus obtoined is a mixture of two compounds, both of which are 
sinliydrides of aspartic acid. One, which is sparingly soluble in cold water, can bo 
extracted by boiling water; it has the composition = 4C*lI'NO* — 7H®0. 

The rosidiio insoluble in water is = 8C^H*NO* — 16H*0. Both the 

soluble and the insoluble compound take up water when boiled with ammonia or 
bary til-water, and are converted into inactive aspartic acid (Schaal). 

Action of Potaenum Per}nanganaie,--KQCoTdi\i)g to P6an de St. Gilles {Ann. Chim. 
Phjs. [31 Iv. 394), potassium permanganate does not act upon asparagine oven at the 
boiling heat. Acoordhig to Cnmpani, on the contrary {Zeitachr. f. Chew. [2] vi, 87), 
tho reaction takes place, though slowly, oven at oi-dinary temperatures. When a 
solut ion of the permanganate containing 1 gi-am of tho salt in a cubic centimeter is 
giadusilly added to a cold saturated aqueous solution of asparagine, tho chief products 
formed are ammonia, formic acid, carbon dioxide, and hydrocyanic acid : 

+ 0* ^ CH(NIP)0® + CNII + 200* + H»0. ♦ 


tVlion 1 gr.am of asparagine and 2 grams of permanganate, both in fine powder 
Wore intimately mixed, and tho mixture was poured into 40 c.c. of water and stirred' 
violent frothing took place, and tho temperature rose to 64® ; and when a similar 
experiment was mode with 1 gram of aspiragino and 4 grams of pcrinaugiinate the 
temporaturo rose to 94®, and tlie whole was converted into a brown pasty muss ' Tho 
finril prednets wore, however, tho somo as those above mentioned. In presence of 
dilute sulpluudb acid (1 gram asparagine, 2 grams sulphuric acid diluted with 30 
grams water, and 6 grams permanganate dissolved in the smallest possible quantity 
ot water), tho oxidation proceeds in the manner represented by the equation : 


C^HWO* + 0“ « 2KH* + 4CO* + H®Oi 
in presence of potash, according to the equation: 

C^HWO* + 0* + 4KHO » 2NH* + 2K*0*0« + 3H*0, 
the oxalic add not being accompanied either by carbonic or by hydrocyanic add. 

R-Sadwo Chem. [21 tj. 118) degetibea amothod 

T on tbo fact that aepMagine is conveTted 
wid aqueoas bydpoeWoric acid, into anun^ia and aspartic 

m aspraapno aro both unailbctod by brominated soda^blu- 

■S *0 nmonnt of nitrogen liberated on shaki^an asparagine sidodon 

bi w sod^solution, after digestion with hydrochloric t^^dotenninsd 

of Mi^r^sijt, ^ ®w cdculating riie amount 

®^ method has hsen tested hj a niunber of experiments with 
hoa^ f™ fni***®* ('08-’8 gram) dissoived in 100 c. c. of water, and 

®^ 'WdmnryJ'y^hloric acid; also with weired qnan> 

pure sal«fiftn° solution of aspara^e may be preserved unebangedTan im- 

W feSr "bs^^! c^otHt i^ thorefirie. SSssary to 

to be the vegetable substance in which the amoimt of asparagine is 

oxtLS^ “ “P’dlyjm poMible, Tho msthbd Odo^ by iha 

of the aspat^^ bom ^ mheton yith pw^dhiUz^ aad rNommoh Igr , 
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him fox general nee, is ns follo-ws : the 10 grams of flour are heated for 15 minutes 
urith 200 c. c. of a mixture of equal volumes of ordinary alcohol and water in a 
connected with a reversed condenser ; the source pf heat is then removed ; 6 c, c. of ^ 
cold saturated solution of mercuric chloride diluted with au equal volume of 'water 
added to the hot solution ; and the whole, after being well shaken, is filtered through i\ 
moderately large fluted filter. The precipitate, which is brought as completely ag 
possible into the filter, is then -washed with a second 200 c. c. of heated alcohol and 
-water mixture, afterwards throe or foiu? times -with cold water. The entire filtrate 
thus obtained (500-550 c. c.) is evapurntod on tbo water-bath; the residue dissolved 
as completely as possible in the least possible quantity of water; and tlio solution 
and the undissolvod matter introduced into a small beaker, and saturated with 
sulphuretted hydrogen. The precipitiito of mercuric sulphide is then removed by 
filtration and w-nshod with hot water, and the filtmte (100-120 c. c.) is mixed with 
10 c. c. of hydrochloric acid and heated to boiling for an hour in a flask attached to a 
condenser ; after cooling, the ammonia is determined by Knop's method. The amount 
of decomposition which asparagine sufiers previous to tlio treatment witli hydro- 
chlorio acid, is found to bo almost inappreciable. Heating for 1-1*25 hour with the 
acid is found sufficient to convert the whole of the asparagine into aspartic acid and 
ammonia; longer heating nnikcs the results too liigh. It is proposed to employ this 
method in investigating the formation .and movement ( Wa7identuff) of asparagine which 
occurs during the germination of the Leguminosse. 


A8PAATZC ACZB. C*H'NO*. — ^This acid is formed from animal i^rotcids hy tlio 
action of dilute sulphuric acid at the boiling heat; also, together -with glutamic aci^ 
C'H“NO*, by similar treatment of vegetable protol'ds (Isi Sup2>L 229, 636). * 

Tlio relative quantities of those two adds obtained from various vegetable protoi'ds 
differ very considerably. The proteids of whoat-gliiten, gluten-casein, maize-fibrin, 
and conglutin from lupines and almonds, protluco glutamic acid in qnautity sufficient 
to crystallise out of the concentrated mother-liquor on standing for a few days 
whereas tho quantity of aspartic acid obtained is much smaller. Logiimiti from pulse, ’ 
on tho contrary, gives but little glutamic acid, but a larger quantity of asp(irr.ic acid! 
The following toblo gives the roughly estimated qiiantilios by weight of the two acids 
obtained from various subsbiuccs : — 


1. »Mucedm t • • < • 

2. Maizo-flbrin 

3. Mixture of vegotablo gelatin,) 

mucedin, and fibriu . . j 

4. Gluten-casein . . . . 

5. Conglutin (from lupines) 

6. Logumin (from hog-boans) . 


Aspnriic aciil. 

GIntamic acid. 

Not estimated. 

25 per cent. 

1*4 per cent. 

10*0 „ 

M 

ss „ 

0*33 „ 

5*3 

2*0 „ 

3to 6 „ 

3*5 „ 

1*6 „ 


Tho numbers in exporiraonts 1 to 5 under ‘ Glutamic acid,’ give tho quantity which 
crystallised out of tho mother-liquor, and was purified by solution in -water. In ex- 
periment 6, tho glutamic acid adhering to the aspartic acid was also extracted (Ritt- 
liusen a. Kreusler, J, pr. Chem. [2] iii. 314). 

Aspartic acid (from conglutin) crystallises, so long as it is not quite pure, in rather 
largo rhombic prisms, which, according to tho measiiroments of vom lioth, have tho 
axial ratio a :d: o = 0-7929 : 1 : 0*5433, and are generally combinations of the ver- 
tical pnsm 00 P with tho macrodome Poo . 

The pOTo acid can bo obtained only in laminoe which are not adapted for measitre- 
mont. Tho solution of aspartic acid in dilute nitric acid is dextrogyrate: 
[«J» ** + 25*16°. 

crystallises in slender blue needles which givooff 29*1 p. c. -water 
at 140 composition + 4jH-'0 (Dessaignes found 6H*0. 

see 1 . 424) The banum and silver salts of tho acid obtained ea above are 

ASPXtfOUn. A rhombic oliTe-RTeon mica, occnrrinB in oval tabular conve* 
in tho chlonto rf tho Zillerthal. When heat^ it intamesceik b^ 
lustro. Hydrochloric add It 

T 2*^* scales. TTAHnesff ■ 1; ^ 

SIO* ' A1*0» MgO FeO Na’Q KW Bn '-0. 

46*44 10*50 26*30 9*00 4*77 2*52 1*18 m 

(V. Kobell, Chem, evii. 167). ( 

ASXamtnra (IgelstrSm, Chm. Centr6l. im, 88). A va^pf 
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to Jeilbrsonitc, from tho magnetic iron of the iron mines of Nordmark in Wermland, 
Sweden. It forms stellate groups, composed of broad rays, originally ash-grey or 
white, but acquiring a brown tarnish, lb is but slightly attacked by acids, but melts 
before the blowpipe to a grey non-magnctic slag. The loss of weight by ignition in 
tho following analysis did not occur in other spocimons, and appears to have been due 
to incipient weathoring : — 

BfO” FcO IfnO CoO MgO Loss by Ignition 

48-48 22'2i 4-12 17*00 4-18 2 83 » 98*85 

ASTJSACAnrXTB. hTa^SO^MgSO* + 4H*0 (Geinitz, Jahrbuch f, Mineralogie, 
1871, 856 ; Zincken, ibid, 883). — This mineral occurs in the Stassfurt salt-beds, asso- 
ciated with cnrnalli.to and kainito. Two specimens (a) of sp. gr. 2'28 and hardness 
2-3 ; {h) of sp. gr. 2*223 and hardness 3-5, gave tho following results on analysis 



Calcnlatcd. 

/ 

a. 

6.^ 

Na*0 

. 18-00 

18*25 

18*50 

MgO . 

2SO> 

. 12-14 

12*04 

11*96 

. 47-79 

47*69 

47*97 

4H*0 . 

. 21-47 

21*66 

21*44 


100-00 

100*24 

99*87 


ATACAMXTB. See Copper OxYCHtORinas. 

ATBUSTXTE. a mineral occurring, together with tlio bismuth silicate of 
Schnueborg, in srniill sulphur-yellow crystals having an adamantine lustre. Of its 
chemical cunipositioii nothing is known, except that it contains bismuth. It is mono- 
clinic, with the axial ratio 0*869 : 1 : 1*82*2. Angle of inclined axes « 110^ 30'. 
Anglo ooP : ooP = 83° : 16, P : P (calc.) •:*: 114® 5^'. Observed forms: ooP, P, 
CO Poo, — ?PQo, oottoB (G. vom Rath, Pogg. Ann. cxxxvi. 422). 

ATMOBPBEBS. a very extensive series of observations on tho impurities 
existing in tJio air iii various localities has been made by Dr. R. Angus Smith {Sixth 
and Sevmth Heirn'in of the laspeciof under tlte Alkali Act of 1863, also Air and 
Jiain, London, 1872). Two methods of examination wore employed: — 1. Tho exami- 
nation of the rain-water of the locality ; 2. Subjection of tho air to artificial washing, 
and examination of the washings. TJio latter method is regarded ns best adaptM 
for affording an accurate compsirison between difibrent atmospheres, since the compo- 
sition of rain-water necessarily varies according to tho amount which falls in a given 
time, the rain of a dry season being far more impure than tlie rain of a wet season. 

Nmneroiis examinations of rain-water wore moAe, and always by volumetric methods, 
the smallness of tho voLumo of water at disposal precluding the udo of gravimetric 
methods. Tho .-immonia existing in tho free state, or as chloride, sulphate, or car- 
bonate, tho albuminoid ammonia derived from tlio decomposition of oiganic matter, 
and tho nitric acid, wore estimated by Wanklyn, Chapman, and Smitli’s methods. 
Tho hydrochloric and sulphuiic acids were determined from tho quantity of water 
roquiml to produce u certain standard amount of whiteness with solution of silver or 
bnrium. Tho permanganate test was applied to tho acidified water, the experiments 
lasting a few minutes only. Tho more characteristic results are given in the accom- 
panying table (Table I., see next pagp) : — 

It appears that tho amount of chlorides in rain-water is dependent on the distance 
from tho sea, and on the direction and force of tho prevalent winds ; the eombustion 
of coal has a sliglit effect in increasing tho quantity. Sulphuric acid is derived chiefly 
from the combustion of coal, but is also a product of vegetabre and animal decomposi- 
tion ; it always increases as wo proceed inland. In sea-water the proportion of hydro- 
chloric to sulphuric acid is 100 to 11*6; excess of sulphuric acid over this proportion 
IS duo to terrestrial contamination. Free acids are rarely found, savo in the rain- 
wuters of towns. Ammonia is chiefly connected with tho combustion of coal, and 
to .a losscr degree with the decomposition of organic matter. Albuminoid ammonia 
IS related solely to animal and vegetable life. Nitric acid nuiy be takeii a« a 
moasuro of ‘ purified sewage.’ The perman^nato test denotes a variety of producti^ 
loth from coal and from o^nic docompositlon. 

To examine air by washing, 50 c. c, pf waj»r are shaken in an empty 2-lifcre bottle ; 
wio washed air then drawn out by one stroke of a flexible bellows-pump having 1| 
jniB the capacity of the Imttle ; the fresh afr which has entoi^ agitated as before, and 
10 operations rope.ated 10 to 100 times, according to the purity of the atmosph^?. Ih 
us plan the volume of air used is only knOtm approximately, the resnlts are i&ere- 
ccmiparative instead pf absoJuto^ / 
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TABLE L— Bain Watbb ; Awtagt impiriiies mUlion park^ 


Where ooUected. 

Hydrochloric 

acid. 

li 

■2.-3 

“a 

% 

|sl 

li” 

Free acids 
calculated as 
sulphuric acid. 

i! 

-•S' 

li 

|g 

11 

* 

i 

ill 

III 


48-67 

2-73 

6 

None 

^•18 

•03 

•37 

■05 


12*28 

3-61 

29 

■14 

•48 

•11 

•37 

•02 

Scotland, eight son coast coun- 1 
try places, east j 

1201 


59 

2-44 


■11 

•47 

•65 

Scotland, twelve inland country 1 

places j 

England, twelve inland country i 

places j 

Scotland, six towns (Glasgow ) 
excluded) j 

3*38 


G1 

•31 

•53 

•04 

*31 

•26 

3-99 

5-52 

138 

None 


■11 

•75 

•47 

5*86 


282 

3*16 

3-82 

■21 

1*16 

1-86 

Darmstadt 

•97 

29*17 

2998 

1*74 

— 

— 


— 

Londonf 

1*25 

20*49 

1G45 

3*10 

3-45 

•21 ; 

•84 

— 

England, six manufacturing i 
towns j 

8-70 

34*27 

394 

8*40 

4*99 

•21 

■86 

2-74 

Manchester 

5-83 

44-8*2 

768 

tSSSm 

5*96 

•25 

■EQ 

3-22 

Gliisgow 

8*97 


782 

1513 


•30 

2*44 



Tho following tablo shows tho quantities of acids and ammonia contained iu air 
from various localities, compared witti tho quantities of tho same substances (taken 
as 100) in tho purest air fmm Blackpool, on the Lancashire coast, and at Indian, on 
the Firth of Clyde ” 

TABLE II , — ImpurUtes in Air, 


Locality of atmosphere. 

Hydro- 

chloric 

acid. 

Sul- 

phuric 

acid 

(onhyd.) 

Locality of atmosphere. 

Am- 

monia 

(iiior- 

gnnic). 

Albn- 

minoid 

am- 

mouia. 

Blackpool . . . . . 
Didshuiy . ’ . . . , 

Buxton 

London ...... 

St Helens 

Manchester .... 
Metropolitan Bailway . 


100 

282 

315 

352 

484 

513 

1554 

Iiiellan 

London 

Metropolitan Bailway . 

Ghisgow 

A bedroom . . . , 

Office at Manchester . 
A midden 

mi 

Bn 

1^ 

1 


By means of those air-washings a chemical climatology may be established. 

Dr. Smith has also determined tho amount of oxygon and carbon dioxide oocuiring 
in air under a variety of circumstances ; the more characteristic results are as under: 


Where collected. 

Tops of hills, Scotland . 
London, parlu and open places 
London (averago of 68 analyses) 
Glasgow, open places . 
Glasgow, closer places 
Metropolitan Bailway tunnels 
Theatres, worst parts 
Mines (average of 330 analyses) 
When candles go out 


The following table gives the moans for each month during the 

• Nitzons add is here glided. t Average of a IswipedJ^^a^ 


Oxygen 

Carbon dioxide 

per cent. 

percent. 

20-980 

*0333 

20*950 

•0894 

20*885 . 

•0489 

20-929 

•0461 

20*880 

•0580 

20*700 

•1452 


•8300 



18-fiOO 


rbon dioxide in thu 
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expenmeptfi of tbo par^ by Tolnma of carbon dioxide found in 10.000 ports of 
air ^ 

1869 I 1870 


Octobor . . 3*0600 January . . 2*7297 January . . 2*9866 

November • 2*9040 February. . 2*9214 February . 2*7621 

Pecember . 2*7191 March . . . 3*0487 March . . . 2*8419 

■ April. . . . 3*0973 April . . , 2*8247 

Mean . . 2*8913 .... 2*8480 May .... 2*8595 

Jane .... 2*8960 June. . . . 2*8910 

July .... 2*8087 July 2*9368 

Aii^st. . . 2*8500 August . • 2*8985 
September. 2*8347 September. 2*9720 
Octobor . . 2*7964 Octobor • . 2*9835 
November. 2*7653 November. 2*9096 
December *. 2*8008 December . 2*9976 

Mean , . 2*8668 Mean . . 2*9052 
Total mean, 2*9197. IVfaximiim quantity, 3*44. Minimum, 2*25. 

During the latter period of the ozperimonts the carbon dioxide iras determined 
twice in tlio day by slinking a standard solution of barium hydrate with 4 litres of 
jiir, and titrating with oxalic acid, tincture of turmeric being used .*i8 an indicator. 
Tlui results by this method agreed closely wiOi those obtained by passing 25 litres of 
air through baryta-solution by means of an aspirator. 

The lowness of the results may bo duo to the vicinity of Itostook to the sea, ns they 
riost nearly agree with those obtained by Thorpe in tlie air over the Irish Sea and 
/Ithintic Ocean. 

No dofinito chango in the amount of carbon dioxide |pu ol^irvod at different 
Boasons of tlio year, or .atdifforont timos of the day. Fog, ’*-aifd dlBo a ftilj of snow, 
were often associated with an increase in carbon dioxide. The action of rain is not 
Ro obvious ; and the changes are probably more dopondont on tho wind and tempera- 
turo at the time, and on the action of tho moistened soil, whether foming and liberat- 
ing carbon dioxide or absorbing it. A north-cast wind frora.tho Continent was found 
to increase the carbon dioxide, and a south-west wind to dccredse it, probably owing to 
absorptien by tlio sea. Distilled water shaken up with air was Jbupd to dissolve, as a 
ntcan, 0*83 milligram of carbon dioxido per litre ; fresh fallen rain-water contained 
1*073 milligram per litre. - * 

On tho detection of organic and other azotised matter in the air, see A. H. Smee 
{CJmiicd NewSy xxvi. 25). 

Almo^Jicric Ozone . — A very oxtonsivo series of observations on tho varying 
amount of ozone in the air has boon made by Iloiizeau (Jnn. Chim, Thys, [4] 
xxvii. 6). 

TJio reagent used consisted of rod litmu8-]Mj)or impregnated over half its surfaco 
with a 1 p. c. neuti*al solution of potassium iodide. 

This jmper in contact with ozone assumes a blue colour only in the part im- 
pregnated with the iodide, this chango of colour being duo, not to tho liberation of 
1‘Hlino, but to oxidation of tho potassium, tho alkali thus farmed changing tho colour 
(^1 tho litmus. In this respect tho iodized litmus-paper is preferable to iodized 
({Schonbein’s reagent), which turns blue when the iodine is set free,, and 
will therefore exhibit this reaction over its entire surface under tho influence of free 
especially nitrous acid, as we)l as of ozone. The part of tho litmus-paper 
winch is not iodized serves to reveal tho accidental presence in the air of alkabne 
vapouw (free ainmonia, ammonium carbonate, dec.) which turn the red litmus-paper 
uiuo throughout its whole length; it is impossible, theiefora to mistake thiaindhetiT 
leus.^ Moreover, the iodized litmus-paper cannot be turned blue by chlorme^ hzWi^ 
uc., since the chloride and bromide of potassium OSS ueutsral. 

. ® number of observations made with thia nagen 

and at diflerent times of the yea^, the following oowflusioos' aiu 

country eontahui an oddrtf^ and principle whSoh 

2^^ ^ peculiar odour, and of bi«ei^ i^Utmus-pi^ j 



1871 


January . . 2*9727 
February . 3*0136 
Marcli . . . 3*0888 
April . . . 2*9813 
May .... 3*1191 
Juno. . . . 2*9777 
July .... 2*9361 

Mean . • 3*0126 
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alio of doeoloiMsg bltto litmoi'popo* without pieviottsly roddsning it} and of 

de8lx(wing certain bad smells. 

2. 'This principle is ozone. ,, • v i.- i * 1 . i i. 

8. Ozone exists in the air normally, but tho intensity with which it acts at any 
gheii point of the atmosphere is often very variable. ^ « 

4. The air of the country contains at most about weiglit, or TOifecu of 

its vphiino of ozone. , . , « 

5. Tho manifestation of ozone by tho iodised litmus-papor is much more frequent 

in tho*^ country tlian in town. . , . i, • - ^ n 

6. This difference may bo duo to tho greater circulation of air in tlio fields. 

7. At Itouen, tho froqiioflcy of the ozone-manifestations vanes with the seasons, 
being greatest in spring, strong in summer, weaker in aufctmn, and still weaker in 

^^sl^Tho maximum of ozone-manifestation occurs in May and Juno (16 ozono days 
POP month), and tho minimum in December and January (4 ozone days per month). 

0. With respect to»tho frequency of ozono-nianifesLat ion, tho meteorological year in 
temperate climates may bo divided into t^Fo groat seasons : tho very active season 
(spring and summer), comprising 78 ozono days^anchtho feebly active season (autumn 
and winter, including 32. .- 1 /^ 1 . 

10. In general ozone shows itself more fpoqiiontly on rainy days (48 ozono dnya m a 
hundred of rain, to 28 jn a liitndrod of fine wojither). 

11. Winds, according to their strength, exert the greatest iiifliionco on tho manifesta- 
tion of ozono (24 ozone days in 100 when tho airwas calm or but slightly agitated, and 
00 in 100 when tho air w'us greatly disturbed). 

12. At liouon, tho largest number of ozono days occur when tho wind is in tho west 
OP south-west, the smallest number when it is in the oast. 

13. Most frequently an exaggerated manifestation of ozono is in intimate relation ' 
to tho great atmospheric perturbations, known as thunder storms, gales and hurri- 
canes. 

14. These great commotions of tho atmosphere act at very great distances. Some- 
times they momentarily affect tho ozono of entiro towns and localitio8» whioh 

, nevortholesB continue to ^m‘oy very fine wmllihr. 

Id. Atmospheric electricity appears to bo the most active cause of tho formation of 
atmospheric ozono. 


ATOKXCZTT. A mathematical tliooiy of chemical attraction and atomicity has 
been proposed by Michaolis {Dcut. Ckem, Gf^s. Ber, v. 48). Tho attraction of an atom 
for other atoms is supposed to bo exerted in certain directions only, or rather to 
exhibit maxima of intensity in these directions, tho number of those maxima being 
in fact the number of units of atomicity exhibited by the atom. The accoloratioa 
imparted by any atom to another atom will therefore bo a function, not only of the 
distance between tho two, but also of tho direction in space of tho line joining their 
centres. 

Tho exact form of tho function with regard to the distance is unknown ; but it w 
probably not fiogativo — that is attractive — for all distances, like gravitation, hut 
positive or repulsive for very small distances. iSupposo that the forco with which 
tho atoms act upon each other varies, like that of gravitation, according to aninTorw 
power of tho distance, then tho motion of an atom to or from another, regarded M 
fixed, may bo represented by tlio equation : 



where p is the acceleration, r the distance between tho atoms, n and m any positiv# 
whole numbers, and A a quantity, tho value of which is constant for oadi olotnent [op 
rather for each poir of cleraonts], but different for different elements. TKio value of p 
is negative or positive according as r is grcateror less than 1. Supposing, then, that 
for 9* 1, the mo^iible atom has a velocity directed towards the fixed atom; then 

for all’ values loss than 1, the acceleration is positive, this velodtv wi^ he 
diminished, as the movable atom approaches the fixed atom, till it is Maced 
0. The repulsion which then ensues carries the atom beyond the point r « 1* 
which the acceleration ag4in changes sign. In this manner an oscillato^ 
is impart^ to tdie movable atom, tho amplitude of the vibrations being 
part restricted wilhin certain limits, but capable of becoming infinite fbr eerifdn 
of the velocity, so that the movable atom then no longer zeturns to the 
hood of the fixed^atoixir ^ la other words the combination is broken npiiv ' 

The smaller atMetive forces, not in the direetiohs of the inazim% j 

eerned in the loraEiatiQn of the so-called mblectilar eombliiikti<hif« 1 



ATBiCtelO ICm; 116 

t 

AVBJlOTT&ICP A0*n, (Lefranc, J. Pharm, [4] ix. 81 ; x. 325; 

xvii. 187, 263 : Oompi, rend. IxyH. 954 ; Izzyi. 438).— -This acid occurs as potassium 
salt togother with inulio, levorotato]^ sugar, a balsam, and (in May) a.sparagin, in 
tiio root of Mfootylis gimmifera^ L., Carlina gummifera^ Saubin. To propuro it, the 
diy root 13 exhausted with water, the solution evaporate^ and the residue exhausted 
«ith alcohol of 80 p. c. The alcoholic solution, when evaporated, d^osita acid 
potassium atractylatef in short, so^ doubly refracting, ^ismatic 

needles, which are colourless and scentless, have a bitter*- taste, are soluble in water 
and in dilute alcohol, and turn the plane of polarisation to the left (a ^5'77'^). 
The dilute solution is not precipitated by barium chloride, but the concontrated solu- 
tion yields a precipitate of barium atractylate^ which dissolves in excess of w'ater or on 
addition of hydrochloi-i« or acetic acid. 

The diy root of Atractylis contains 0*5 p. c. of tho acid potassium' salt, Uio fresh 
root 0*1 p. c. This salt may also be directly extracted from the root by alcohol of 
75 p. c. ; and if tho root, after exhaustion with alcohol at 60^, be treated with cold 
water, it yields tho potassium salt of another acid called carlijiic acid (g. v.). 

To prepare atractylio acid, the solution of tho potassium salt is treated with basic 
acetate of lead, and tho basic atractyhite of lead thereby precipitated is decomposed 
by hydrogen sulphide. The acid is extremely soluble in water ; its solution is scent- 
luHs and colourless, has a very sour astringent, bitter and saccharine taste, and reddens 
litmus. 

Atractylic acid is tribasic; its neutral potassium salt has tho composition 
It resembles tartaric add in forming crystalline precipitates with 
concontrated solutions of tho chlorides and sulphates of the alkali-motals ; it also 
forms, with concentrated solution of barium chloride, a crystalline precipitate of acid 
barium atractyhite. 

Atractylic acid heated witli potassium hydrate above tho molting point of tho latter 
is decomposed, witli ovolution of hydrogen and formation of a resinous body of 
phenolic character, which is left as potassium salt, together with sulphate, and may 
be separated tlierefrom by hydrochloric acid ; nitric add transforms it into a yellow 
substunco resembling picric acid. Tho formation of this resinous body, which is 
analogous to that of phenols in general by heating tho corresponding sulphonic acids 
ivith caustic alkalis, shows that atractylic add bears a 6B#ain resemblance to the 
acids of which, benzene-sulphonic acid is tho t 3 rpo ; while, in other respects, it is 
amilogous to tho sulphuric others homologous with sulphovinicadd. 

Atractylic add heated with aqueous potash, baryta, or lime, reacts indeed like the 
divalorosulphuric other of a neutral substance, called atractylin. 

The decomposition, however, tokos place by two stages, in the first of which only tho 
elements of valeric acid are separated, tho other elements remaining iKimbined in tho 
form of a now acid, also tribasic, called /3-atractylic or atractyl-disulphuric 
acid, while in tho second stage the molecule is completely resolved into 

sulphuric acid, valeric acid, and atractylin : . /• 

( 1 ) . C»®H«S*0» + 2H»0 =- 2C*n«0» + 

(2) . C“H«S*0» + 2H*0 « 2C*H»0® + 2H*S0* + 

Bcta’-atractylie oetJ.— When atractylic acid is heated witli aqueous potash or 
baryta, tho second stage of the reaction above described follows so quickly upon the 
first, that it is difficult to obtain tho i8-atractylic acid ; but by the use of lime it is 
e.‘isy to regulate tho action and arrest it at the first stage. For this puf^ae, tund 
potiissium atractylate is dissolved in about 20 parts of water, to which a quantity of 
^ilaked lime has been added about equal in weight to tho sedt ; the liquid is gently 
boUud for 10 or 15 minutes, then filtered, freed from excess of lime by carbonic acid, 
and evaporated to about a fourth of its original bulk. In this state it is syrupy and 
uncrystallisablo ; but on adding a slight excess of hydrochloric acid drop by drop, the 
whole solidifies to a mass of silky nacreous microscopic heeiUeB, consisting of an 
^sta-atroctvldte of wtaasium and ealcbm, wliich may j^ifiod by desi^ag on a 
filter, washing with alcohol and ether, crystallising twice from boiling uowl .ol^ 
p. c., which dissolves about Ath of its weight of the salt» and finely fixim 

The conversion of atractylic into )9-«tEaetylio arid may also Im' % znMtis . 
^ baryta ; for, although the passa^ from the flmt to the second sta^ of the 
ration is much more rapid in this case than wlt^ lime, it is disiiiu^y indicated by 
the formation of a nreeipitate of a barium solphats, so that the i^loh caat^Uy 
00 arrested before it has gone tdo far. Sarium atractylate obtsh^ by pteri^tetion 
^ concentrated solutions of tiio arid s^t and barilim cUoride ii liriled 
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trith barTta.wit« tat about « minuto. tiie li^tud quickly coded iw soon m it begins 
tntn Dai:yHi^_ • baryta by a current of carbonic acid gag. 

“riK^XilSci’sSiSS^'Sl ft. .oil-. 

nondinjE salts ofother metals by doublo docomposition. -u q • t. * * 

Solving the potesEioidcic fl-atiactylate above desenbed in bMyta-vrato, 
pnS^g <^boni!acid tUugh the liquid to remove tho excess d baryta, concentaUng 
§r«^to, diluting it with alcohol tiU it becomes s .ghtiy milky, and leaving it to 
te^lf to 24 hours, it solidifies to a mass of very delicate, shining needles, having *e 
Md lightaess of quinine sulphato and consisting of ^faswe-iarj^edne 
W”Kca'ba'S«0«.* Tho composiUon of this salt confirms the tn- 

’^h^^^ttlSt^tesUomhlo tho atractylates in most of thoir roactious butaro to- 
ti ng„i.liflH froni them by not yielding valeno acid when teiled with aikalis. Thw 
Wfor tho most part more soluhlo boUi in water and in alcohol tlum ^o corrosponi 
ing atractylates, but crystalliso quite as really. 3-atoictylic acid further reseinblra 
a^tylic and ilso tartaric add, in forming wiUi the dl^-metols very soluble 
neutrd salts, and add salts of comparatively sparing solubility. 

ATBACmZir. C'^Il^O* (Lofranc, loc. ct7.).— This substanco is formed as aboTo 
montionod by tho complete saponifioition of atmctylic acid. To prepare it, however, 
it is nocesgjiry to saponify a beta-atractylato, and not an atractylato, because in the 
latter case valeric add is sot free as well as atraciylin and these two substances. 

when thus simultaneously isolated, unito together in such a ^nner that it is im- 

posslblo to separate them. Tho /S-atriictylic acid, on the other hand, simply splits up, 
under tiho influouee of alkalis, into sulphunc acid and atractylin : 

CiQH*8saow a 2II*SO< + C"H”0». 


When potassium fl-atractylato is boiled with an oqu.al weight of potassium hydrate 
dissolved in 30 parts of water, the saponification is complete m loss than ten 
jniifntos: and if tho liquid, which then contains nothing but potassium sulphate and 
a compound of atractylin with potash, bo gradually mixed with a. slight excess of 
hydrochloric acid, tho atractylin is set free, together with a varying quantity of 
B^tyligenin (infra,) resulting from its decomposition, both, however, being retained 
in solution. To separate them, tho liquid is shaken with chloroform, wliich takes up 
tho atractyligenin, and soimratcs it from tJio liquid in tlio form of a white oily soap, 
white the atractylin roriiaiiis dissolved, and may bo soparatod by saturating the 
liquid with common salt. Tho atractylin then rises to the surface in tho form of a 
floccotent magma, which soon concretes to a solid mass, and may bo purified by wash- 
ing it wth ether, and precipitating it several times from a concentrated alcoholic 
solution by addition of ether. ; _ 

Atractylin is a white substanco having a gummy aspect, no smell, but a stroJi|f, 
poculiop, highly saccharine taste, very soluble in water and alcohol, insolnble m 
ether and in solution of common salt. It has a slight acid reaction, and unitoii with 
alkaline and earthy bases, forming compounds which are very soluble in water, and 
aro gradually deeompsed by boiling. Since tho atractylates aro optically Invogyratot 
it is most probablo that atractylin possoBsos tho same property ; but this point has pob 
yet been verified by experiment. , 4 

Atractylin, heated on platinum foil, softens a littlo above 100®, ^en swells hp aM 
carbonisds, giving off white irritating vapours, tho odour of whirii rec^ls Mat « 
fxankincense. When cautiously heated in this manner, it leaves a greasy dnder^ which 
burns iriih a bright flame. . , t 

Atractylin dissolves in strong sulphuric acid, with a golden-yellow colour cnatig^BS 
to pdrple-red and then to violet-red under tho influence of a slight rise ^ tentpsiS^^* 
Thfs reaction is ch^acteristic of the atractylates and jS-atractylates. I^tricari^^W 
dissolves atractylin^ without alteration at ordinary temperatures, but 
slightlyi a strong reaction takes place, with prodnetion of a yellow 
bUng picric acid . 

«)ba-i|Ba;oa-|Oa. 
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By boiUpg[ wztih my dilute hydrochlorie or sulphuric acid, atraetylin is partly 
decomposed in the manner of a glucoside, partly dehydrated. The product of de- 
hydration, called atractyliretin, is a ^^ollowish, noil-volatile, insoluble substai^, 
vhich is likevisG produced 'wlion the solution of an atractylate or a beta-utiactylau is 
boiled with a strong acid. 

The best reagent for effecting the decomposition of atraetylin in the manner of a 
glucoside is solution of caustic potash. Boiled -with this liquid, the atraetylin spliU 
up into a saccharine substance (different from phloroglucin) and a crystallisable body, 
atractyligenin, which remains combined with the potash. The fbrmation of 
atractyligonin in the preparation of atraetylin, and the method of separating it by 
moans of chloroform have already been described. It does not appear to hav^ been 

analysed, 

Atractyligonin is a white substance, having a sweetish, somewhat acrid taste, 
nearly insoluble in pure water, but soluble in water containing atraetylin, very soluble 
also in alcohol and in ether, from which it crystallises by spontaneous evaporation in 
crusts formed of short, brilliant, nacreous neodles grouped in stars. Cautiously heated 
on platinum foil, it molts above 100^, to a limpid glass, then sublimes, for the most 
port unaltered, in white balsamic irritating vapours. 

ATROFZmSa The tri~iodidc of this base, is obtained by mixing 

a solution of the hydriodido with the calculated quantity (2 atoms) of iodine- tincture. 
It forms bro-vvn prisms, isomorphous witli the corresponding compound of cotarnine. 
By boiling it with alcohol of 70 p. c., or by precipitating hydrochloride of atropino 
-with periodidc of potassium, and crystallising the precipitate from alcohol, 
iodide^ is obtained in bluish-green laminm, having' a metallic lustro 

(Jorgenson, Zntsekr. f, Chtmi, v. 673). 

Tlio proportion of alkaloids in Aif^a Bdladomvi^TS!dl)(!Ltwta Btrammxium has been 
clotorniincd by K. Gunther {lima, Zeitschr. Pharm. viii. 80 ; Jahresb. 1869, 781) : for 
din Tucthod adopted, see Zeitschr, anal. Che^n. viii. 476 ; Jahresh. 18G9, 945. 

lOU parts of tho different parts of tho plants in the dried stato yielded the follow- 
ing quantities of alkaloid 

Datura Stramonium, 

Seed Stalks Leaves Root 

0*318— 0*363 0*063 0*169--0'307 0*065 

Atro^ Belladonna. 

Loaves Stalks Fruit (r!pc) Fruit (unripe) Seed Boot 

0*833 0*146 0*813 0*955 0*407 0*810 

Tho proportion of atropino !n belladonna leaves is smallef in spring than in 
nutumn after tho floral organa liave faded. 1 00 grams of dried Hay loaves yielded 
0-392 to 0-421 gram of atropine ; the same quantity of dried Au^ist leaves ;^ioldQd from 
0-443 to 0*482 gram. No difference is perceptible in tho quantity of atropine obtained 
from wild and iroin cultivated plants. Roots two to three years old gave 0*472 and 
0*489 n. c. ; roots seven to eight years old gave only 0*254 to 0-818 p. c. of atropino. 
Thougli the root is occasiomdly richer in atropino than the leaf, it is much more 
viirinble in composition : hence tJio leaf is likely to be more uniform in its thera- 
peutic properties (Lefort, Bharm. J, Trans. [3] ii, 1029). 

iliroxTB. Tchormak {Zeitschr. f. Chem, v, 634) regards the aluminous augites as 
isomorphous mixtures of the tAVo silicates, CaO.MgO.2SiO*, and MgO.Al*0*J3iO* ; 
wio aluminous hornblendes as mixture of the tlSeo silicates, Ga0.3Hg0.4Si0^9 
Ca0.Mg0.2Al*0*.2Si0*, and Na*O.Al*0».4SiO* 

AVBZir, C*®H”0*. — A red colouring matter produced by heating ph^l with 
oxalic acid and strong sulphuric acid. It was first obtained; by Kolbo •a. Schmitt in 
ieol, since which time it has been manufactured, and is know in commerce ap aurin 
corallin. It has been lately examined by Ihde a. Scherlemmer(iW..i^. 
^ntl. of Manchester, voL xi. No. 2 ; Chsm., J. [2] ut. 46fl ; x. 74)^ who find 
mat the commercial product is a mixture, from which the pure colouring matter xUay 
|><i extoacted by solution in alcohol and treatment with, ammonia. A crystalBne oom- 
pind ^ aunn and ammonia then separatefb whilst &e other bodies present , 

111 solution. The ammonia^oimpound, after beiug washed with alcohol by mekim eX 

mter-pmup, is decompois^ by dilute acet^ or hydrochlorie add, and .Ibsther 
^naod by lepeated metallisation j&om strong acetic add. . The sjMdmetis thus 

Diained obstinately retain vazying quantities of wal^ and aeetib aidm a also 
by H. Breseniiw ( jlyi. 

Bt^nghytoddoricacid, in finahale^ 
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▼hen drie^^t 110®, contain a large quantity of hydrochloric acid. For further puri- 
fication, a dilnto alkaline solution was precipitated vith dilute hydrochloric acid, and 
precipitate washed by the filter-pump, but this product also contained hydrochloric 
amd, which was only given off above 110®. By tlie spontaneous evaporation of an 
alcoholic solution, aurin is obtained in dull rod crystals with a green lustre, which 
when dried at 110® do not contain any alcohol, but several p. c. of water, which is 
given off only at a temperature above 140®. 

Fi'om a mixture of alcohol and acetic acid it separates in dark red crystals, mode- 
rately thick in comparison with their length. These crystals are trimetric, having 
the axes a'.b \c : =0*5604 : 1 : 0*4719, and exhibiting the combination 100, 010, 
111, or Qo f 00 . GO Poo . P. ThofacoooPoo lias a strong steel-blue reflection. The 
plaiie of tho optic axes appears to bo perpendicular to oo Poo and co P co , and there- 
lOTo parallel to OP. Tho red crystals from acetic add have the same form, but are 
not so tliick in comxiarlsoD with tiie longUi. 

Aurin ciystallisod from acetic acid always retains a portion of that acid, and is 
therefore unlit for analysis, but by crystallisation from alcohol it is obtained pure and 
of constant composition. Tho numbers obtained by analysis agree best with the 
formula ; but tho mode of formation, as will be explained further on, shows 

that the formula wliich also agrees nearly with the analytical results, is more 

probable. 


C 

H 

O 


Calculated for Mean of analyses 





70*75 

70*47 

70*73 

5*06 

4*63 

5*16 

1519 

1500 

15*11 

100*00 

100*00 

100*00 


The compounds and derivatives of aurin hitherto obtained are not well suited for 
an exact determination of its molecular weight. 

Aurin which has been repeatedly crystallised from acetic acid or alcohol docs not 
melt at 220® ; at this temperature tho crystals assume a darker shade, which dis- 
appears again on cooling, without any appoamnee of alteration in the «uhstanco. 
'V^en more strongly heated, it molts, omitting at tho same time tho odour of phenol, 
and solidifies again on cooling to an amorphous, boetlo-grcen mass. Aurin dissolves 
readily in alkalis with a magenta-rod colour, and is precipitated from this solution by 
acids as a crystalline powder. 

Those properties, t^ethcr with the crystalline form, are sufficient to distingmsh 
aurin from Fresenius's corallin, which melts at 150® and crystallises in combinations 
of prisms and pinacoi’d planes, whilst aurin does not molt oven at 220®, and contains 
only pinaco’ids and octo'ids, wliich latter are not to bo found in corallin ; moreover, the 
axial ratios of tho two kinds of crystals, which boUi belong to tlio trimotric system, 
are very different (see Cobatxik). 

To compare these two products further, aurin was proparod by heating pure phenol 
with (milic acid to 100®-110° for five or six days, precipitating with' water, boiuog to 
remove free plienol and further purifying tho rosinoas product by solution in dilute 
caustic soda, and roprocipitation with weak hydrochloric acid. A crystalline precipi- 
tate was thus obtained, which, when dissolved in alcohol, crystaUisod out in small but 
distiuolt needles, having the colour of cluomic trioxido and a diamond lustre, and 
capabtu of bearing a heat of 220® without altoriition. The crystals thus obtunod 
▼are identical in form with those above described, but the face ooFoo did not exhibit 
any steel-blue reflection. Aurin prepared from phenol does not retain water like that 
obtained ftom the commercial product ; but is anhydrous after drying over snlj^^c 
^d, and does not lose weight when heated to 200®. Hie mean results of its asslysM 
.7^8 p.c. carbon and . 6*05 hydrogen, agreeing most nearly with the ftitmtile 

Anrin from pure phenol is therefore very neany related to that contained tn the 
eomqieidal product, if not identical with it, and consequently di&rent 
nius’s corallin. The canse of this difference must be looked for in the iBfibrCfit 
of i^paration. Frpsenius, as well as Kolbe end Schmitt, prepare 
pound by heating the mixture to 140®-150®, whilst the body above des^bM: fB* 
formed at a ten^eraturo not exceeding llO®. 

Tho anrin pure phenol being obtained without tho t ,, 

ihe xeaction by which it is formed maybe expressed by the fo^f|j|ng equ 

8C«H«0 + 206 » C» 
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Tho phenol used for the pro^aration (tf the commcrciiil product always contains a 
smull quantity of crcsol ; and it appears probablo that the latter takes part in the 
reaction, whi<Ji might take place as follows : — 

2C'H«0 + C'H"0 + 2CO * + 2H*0. 

This supposition, howeror, is negatived by tho fact that when anrin is carefully 
heated in a combustion-tube, a reddish, oily liquid distils over, which dissolycs almost 
completely in potash, and when precipitated by hydrochloric acid, dried, and distilled, 
yields a distillate which boils at 184°, and solidifies on cooling to a mass of crystals 
consisting of pure phenol, without a trace of cresol, the formation of which might have 
been expected if it had originally taken part in the i)roduetioii of tlio anrin. From 
this, then, it may bo inferred that tho aurin contained in tho commercial product is 
identical with that obtained from pure phenol, and therefore has tho composition 
CaojI'^O*. 

Compound of Aurin and Sulphur Dioxide (C®®II‘^0®)*S0*. When sulphur dioxide 
is passed into a hot concentrated alcoholic solution of aurin, tho dark yellouish-red 
liquid assumes a lighter colour, and on cooling, a compound of aurin and sulphur 
dioxide sepiratcs out, forming either , brick-red crystalline crusts or granubir gsirnct- 
rod crystals having a more cr less beetle-green lustre*. Tho compound dried over 
Bulphiiricacid does not retain any alcohol, hut a considerable quantity of wutcr, which 
is not expelled at 100°; but above this temperature it is given off, together with 
sulphur dioxide. Whether this water is chemically combined or merely adheres to 
the compound mechanically is not yet decided ; if it be in combination, tho formula of 
tho hydrated cry^stals is (C2«n»«0»)*S0* + 

Aurin-potassium JUsidpUUt C‘‘'®II"0*.KIIS0*, is produced by adding a solution of 
potassium bisulphite to a liot,' concentrated, alcoholic solution of aurin, until the 
yellowish-red colour of tho latter has disappeared. A soft, white chalky powder then 
separates, increasing in quantity when tho solution is left at rest. Undea* tho micro- 
scope it appears to consist of small rectangular plates. It is more soluble in water 
than in alcohol, and may bo recrystallisod from hot water ; but, on boiling tho aqueous 
solution, decomposition takes place and aurin is precipitated. Adds as well as alkalis 
docomposo it readily, so that it soon acquires a yellow or reddish tint on exposure to 
tlic air. 

Awin’^mimnnm Bkulphiiet (C*®H‘^0*).CNH*)HS0*, is obtained by a reaction 
similar to that whicli yields the potassium-com^und, to wliich it has tho ^eatest 
resemblance. Tho eodiuvi-couipound C2®ir'*0\NaHSQ* is also very much like tho 
two preceding compounds, but appears to be more soluble in water. 


fteuoaarin. C”H”0* or C**H*“0*, — This body . is produced by tho action of 
hyclrogenising agort.s on aurin. Kolbo and Sclimitt found that their red compound 
yielded, on treatment with acetic acid and iron filings, a colourless body soluble in 
alkalis. On exposing thi.s solution to tho air, it gradually assumes a red colour, and 
on adding potassium ferricyanide, an intensely rod liquid is formed at once. The 
alkaline solution of the rod body also becomes colourless in contact with sodium- 
amalgam, but turns red again on exposure to the sir. 

Dale find ^horlemmor prepared Icucaurin, either by boating an alkaline solution of 
aurin with zinc-dust and precipitating tho colourless liquid with hydrochloric acid, or 
by acting with zinc-dust on a solution of aurin in acetic acid, or on an acidulated 
alcoholic solution. On diluting the colourless liquid with water, loucaurin separates 
ns a ciyBtalline precipitate, and from the mother-liquor a farther quantity ciystallises 
out in needles on standing. ^ 

Pure leucaurin is perfectly colourless ; but when recrystollised it readily awhmes a 
yellowish tint. It is freely soluble in acetic acid, crystallising therefrom in thi^ and 
tolerably hard prisms, the faces of which are developed at one ^tremity only, , whilst 
the other extremity is very irregular ; it also shows a strong tendonoy to twin. From . ' 
an alcohohc solution it was obtained in extremely friable prisms. It may bo . 

to 130° without melting, assqming, i^t the same time, a radish colour ; on 
inore strongly, it graduidly so^ns and assumes a deep red colour. Its alkiline 
tion readily absorbs o*3cygeti, and booomes of a dark red colour on the addirfon isl' 
potassium ferricyanide. The zed compound thus produced is, how6t0r» not nnrih, but 
probably an oxidation-produet of that body ; on adding an add to the scdutioii, a‘ 
pweipiteto is fonnied, which is almost insoluble in alcohol and acetic acid. " 

‘ gjsvo* AS a meaiw 78*84 p.e. C. and 6*98 H., the fiorihulA 
a^ 8«88 H., and the fosmula 79'26 C. and 6*66 H, 

by heating atirin from pure phenol with aoetik i^d and dnCr 
^mean) 78*42 G. and 8*79 H., whidi agrees ti^th the foraiula' 

(78-94 0^^ fi-26 but, as 


Leucaurin prep 
Ajstgave W ana 
( 7§;48 ( 
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most of these bodies rotain yrntuT very obBtittato]y» and to avmd oxidation, the com- 
pound was merely dried over sulphuric acid, the formula C**H**0* may be regarded as 
the more probable. 

Loucaurin contains threo hydroxyls, the hydrogen of which can be easily replaced by 
acid radicles. 

TnacctyVUucaurin, C2"H“(C®1I*0)*0* or C2'H'»(C^I*0*)0\ is formed by heating 
leu(»urin with excess of acetyl chloride, and purified by brisk agitation with cold 
Water, and crystallisation from warm alcohol. It forms short silky needles readily 
soluble in alcohol and acetic acid, qtiickly decomposed by boiling water and by alkalis, 

HHhcnzoyl^Uncaurini C®®II*"(C’H*0)*0* or C=**H“(C'H*0)*0*,is readily formed when 
leucaurin is heated with benzoyl chloride. It is a very stable body, which is not acted 
upon by boiling it with weak caustic soda, and may be heated to 180®, and even 
higher, without decomposition. It is but sparingly soluble in alcohol and acetic acid, 
but freely in benzene, from which it sopaiutcs in transparent crystals containing 
benzene, which tliey lose when exposed to the air or when heated, the crystals falling 
to powder. 

Other derimtives of Auriit, 1 , Rod C oral 1 in or Fseonin: a colouring matter, 
which dyes wool and silk with a rodder shade than aurin, is prepared by heating aurin 
with aqueous ammonia to 140®-150®. (See Cotlxlus.) 

2. AzurinorAzulinis produced by treating aurin with aniline. When aurin is 
* gently boiled witli aniline and a little acetic acid, the solution soon assumes a pure 
blue colour. On boiling the product with dilute hydrochloric acid, in order to remove 
an excess of aniline, a blue resinous substance is obtained, consisting of a mixture of 
difibrent bodies, which are partly soluble in alcohol and acetic acid, and partly insoluble 
thoi-ein. By heating the above mixture on a wator-bath, a blue solution is formed in 
16-20 hours, which, however, also contains several bodiesr A portion of tho product 
is readily soluble in caustic soda with a purple colour, and precipitated Iw acids from 
this solution in blue flakes, which dissolve lu alcohol and acetic acid. The portion 
which is insoluble in alkalis dissolves completely in acetic acid and alcohol, with a 
fine blue colour, but other takes up only a part of it, forming a dark red solution, which 
on evaporation loaves a blue resinous ^dy. Tho portion not dissolving in .ether forms 
a dark blue powder with a golden reflection. 

AXOSSnxanrai. See Benzene Bbbiyativ^ 

AZOBXPBairTXi (Hofmann a. Geyger, Deut. Chem, Gen. 

JBer, V. 472). This blue colouring matter, first obtained by l&rtius a. Griass {Bai, 
Monatsb, 1866, 640), is produced by tho action of azodiphenyldiamine on aniline 
salts: 

C«n"N» + C»H’N - NIP + C»H»N»; 


Sts formation being analogous to that of the 'Magdala red* of commerce, C*®H**N*, 
by tbo action of azodiniiphthyldiamine, C*®H*®N* on naphthylamine, C**H®N; 

The blue is prepared by hoiiting equal -weights of tho azo-base and aniline hydro- 
chloride with twice the weight of alcohol to 160® for four or five hours, The jffodnet 
is treated -with boiling water, and the residue is dissolved in alcohol -with theiiAid ef 
hydrochloric acid, and reprecipitatod by soda. On dissolving the base in alodhol, 
adding hydrochloric acid, and concentrating tho solution, a dark blue crystalline salt 
is obtained, insoluble in water and in ether, but readily soluble in alcohol, especially 
-when warm,^ Tho solution, which is of a deep violet-blue colour, dyes wool aiid silk.* 
It is decolorised by zinc and hydrochloric acid, but no corresponding leuco-base is 
theroby produced. Soda precipitates the base from the concentrated alcoholic solution 
of its salts, as a dark brown powder, -which is insoluble in w&ter, but soluble in 
alcohol or ether ; the addition of hydrochloric acid to tho latter ablution predptatei 
the base as hydfbchloiido. 

The has the composition, C**H*®N*«HC1, but loses part of its add on 

^pg dned rt a high temperature, or by recrystaliisation from alcohbl; 5*® 
hydriodide C**HwN» HI is very similar to the hy(&ochlorido in its wopertiert: 
pwraie C**H**N*,C*H*(NO*)*0 forms a blue powder, quite insoluble eiwipr 
or in ether, and only very sparingly soluble in boiling alcohol. This vadiptebyi .Wrt 
has the same composition as tho obtained bv Giraicd. 

'Ghapotea1id(lef SttppZ, 168), by tho oxidation.of pure aniline, 8G*j3XN 
but rt has dot as yet been ascertained whether the two are identicaL 
' Blue colouzinp matters very similar to the azodiphenyl blue atpv 
action of toluidine or naphthylamine hydrochloric) on azodii ~ 
most likely have the ooxnpositioiH and 
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ditolyldiAmine would ^produce similar eompottnds. All attompts to proporo ozo- 
ditx)lyldiaTninef howoYor, haro as yot been unsuccessful* On passing a rapid stream 
of nitrous acid tlirougli fused toluidine floating on a hot saturated solution of common 
salt, the base gradually solidifies to a crystalline mass, which, when purified by re- 
crystallisation from alcohol, forms dark yellow ueodlos of diasoamido-tolwne, 
the isomerido of azoditolyl-diamino ; on boiling this with hydrochloric 
acid, it splits up into crcsol and toluidine, with evolution of nitrogen : 

0”H«N» + H*0 « C»H*0 + C»IPN + N*. ^ 

The action of this compound on aniline, toluidine, and naphthylamino hydro* 
chlorides produces colouring matters, but the byo-products formed at the same time 
show that tlio roaction is very complicated. 

AKOPBBNTUxrSB. (A. dans, Deut, Chm, Ges, Ber, v. 367, 610 ; 

yi. 7‘23; Ann, Ck. Pharm. clxyni, 1). — This compound is formed by distilling calcium 
azobonzoai;p or para-azobonzoate with lime. A red oil then passes over, which solidi- 
fies after a whilo to a crystalline mass consisting mainly of two substances, viz., 
nzophonylono, which forms the principal portion, and a dark red body, the nature of 
u hich has not yet boon ascertaiiied. On slowly heating this mass in small quantities 
in a platinum cnicible, tho azophenyleno subHmes in light yellow, glistening, slender 
noodles, moro than an inch long. It molts at 170°~171°, and subGmes at a higher 
temperature. It is very slightly soluble in hot water, but may easily be \'olatilised 
with aqueous vapour, whereby it is obtained in small almost colourless needles. It 
dissolves in 50 paries of cold alcohol, easily in hot alcohol, and to somo extent in other 
and in bouzouo. 'With strong nitric acid, it appears to fom a nitro-product. 

Constitution of Azophenyleno and of Azobenzoio Acid, — The reactions of azophenyleno 
. are best explained by tho folloudng structural formula : ' 


N 


In tho formation of azophenyleno bromide and hydrazophenylene, the bromine- or 
liydrogeii-atoms probably attach thomsolvos to tho two nitrogen-atoms, the connection 
between which is thearehy loosened. 

But a question then arises as to how this body is derived from azobenzoic acid, 
wliich, according to Strdeker, is related to azQbonzono in the samo manner 
as benzoic acid to benzene, and therefore ought to yield, “by the diy-distillation of its 
calrinm salt, not azophonylenej 0**11**]!^*, but azobonzene, 

The most probable explanation of tho apparent anomaly is, that azobenzoic acid con- 
buns 2 atoms of hydrogen less, its triio formula being and this view is 

supported by tho following considerations. If this acia really corresponded with azo- 
Ijeiiziiuo, its formation from nitrobenzoic a^id by the action of sodium-amalgam (1«^ 
Snppl, 320) would bo represented by tho fqllo^ng equation : 

2C’H»(N0*)02 + 8I^a + 4H=0 « 8NaOH + C»H'®N“0*. 

But experiment shows that as soon as throe-fourths of the (]|^ntity of sodium indi- 
cated by tiiis equation, that is to say, 0 atoms, have been added, a brisk evolution of 
liyrlrogeu ebrnmoneos and the reaction is terminated. This shows that it really takes 
place according to the equation ; 

2CW(N0«)0* + 6Na + 2H*0 = 6KaOH + 

Azobenzoic acid is therefore azophenyleno-dicarbonic acid, C^*H*N*.(COOH)*, or 


The calcium salts of meta- and pata-azobenzoio acid likewise yield by dry-diatjlU- 
tion an nzophonylono identical with that which is obtained from ortho-azobenzoic acid, 
tub formed also by passing azobenzene through a ted- 

. is formed irhen brotnine Is added to si 

^ted alconoli^i^^a of asopheoyk^^ or better when 1 part of azophenylene is 
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dimlved in 160 parts of bonsens and bromine is added as long' as jrsllow needle- 
•^ped crystals continue to separate. These crystals being almost mst^uble in bensene 
containing bromine, tlie quantity of the bromino-compoiind obtained by this latter 
process is very nearly that which is required by calculation. 

Hydrazophenylcne^ is formed by the action of hydrogen sulphide on 

an ammoniacal splution of azophenylone in alcohol. Sometimes an intermediato 
compound, forming deep blue needles, is obtained at the same time. 

H^riizophonylone is almost insoluble in ■water and benzene, and is taken up by 
cold alcohol in small quantity only. At about 200° it pyes olf hydrogen, and is 
rotransformed into azophonylono, tJio formation of the blue intermediate product being 
again obsorvablo. Boiled with dilute acids, it dissolves and forms salts of a green 
colour, but not of constant composition. In strong sulphuric acid, it dissolves 
with dark green colour, changing after a ■while to yellowish brown ; but if the solution 
bo left for some time in contact with moist air, the green colour reappears and masses 
of olive-green needles separate, which give up sulphuric acid when washed with ■water, 
the water at the same time acquiring a green colour. Hydrazophonylenp treated ■with 
an alcoholic solution of plntinic chloride containing free hydrochloric acid yields a 
platinochlorido containing 2(C'“^’®N^.HCl).PtCl^ or perhaps C**H‘*N*.2HCl.PtCl*. 

On the whole it seems probable that liydrazophonylono docs not itself possess the 
properties of a base, but that a base is formed from it by the action of acids, probably 
by union of two ^molecules, -with loss of two atoms of hydrogen : thus— 



AZOans. On tho crystalline form of this mineral, see Struvner {Jahrhiich f. 
Mineralogies 1871f 751). 

AZVUV or AZinUEZr* A blue dye, obtained by boiling aurin with 
aniline (p. 120), 

AzSxMa?Acn!} Cyanogen, Action of AjaMONia on. 


AZVMTS, Ctt»H*C20« or 3Cu0.H*0.2C03. Wobel a. Tiingcl {Deut Ckm, Ge». 
iv. 188) have examined considerable quantities of tbe Siberian azurite for am- 
monio, but with negative results, thereby invalidating the supposition that its deep bine 
colour is duo to a combination with ammonia, .as is tho case ■with srnne other salts of 
copper, and that it has boon formed from malachite in presence of nitrogenous matter. 
They found, moreover, on heating fragments of marble to 200° in a sealed tube, "with 
solution of cupric sulphate, th.at tho marble became covered ■with a green carbonate, 
which, on standing for some months, ■was converted in many places into a deep bine 
carbonate, whilst at the same time the whole of tho water in the tube disappearocl, 
and numerous crystals of gypsum wore deposited. The sin.all quantities of the two 
carbonates formed, and tho difficulty of separating thorn, have hitherto precluded the 
possibility of' analysing tho blue compound quantitiitively ; its external cfiaiacters, 
however, agree so perfectly with those of the natural mineral, that it seems highly 
probable that azurite has been formed from malachite, Cu-CO®-f aq., by absoxntioli of 
carbon dioxide and elimination of water, as in the experiment above deimbea. 


B 

AABnrOVOWZTfl. This mineral ftrom Devonshire has been axial 
Forbes (PkU. Mag, [41 xxxvii. 328), and from Horbornseelbach in Nawatt % W 
Ann, cxliv. 694). The results are given in the following table, togoth® 
Aose of the Arendal mineral, analysed by Bammelsberg (MineralahHliki::^!!) 

■'EbSl fef' ''.:' ■ 

810* A1>0® Fe*0> FeO HnO OuO MgO 

Arendal • . ■ • 51*22 IDOO 10*20 7*91 19*32 9:77; 

Devonshire • . • 49*12 1*60 9*78 12*87 V2Q 20*97 

■ Herbornseelbach . 60*44 — 17*01 7*49 3*22 . 
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The composition of t^e Arondal and Devonshire minmls agrees vith i&minoLs- 
l>org’s formula, OMO.SiO^ + M‘*0*.3Si0®, in which tho oiy^n of the monoxides is to 
that of the sesquioxides ns 3 : 1 ; in the Nassau mineral this ratio is only 8:6; but^ 
in both, tho ratio of the oxygon of the silica is to that of all the bases together 

is 2 : !• , 

Babingtoiiite from Devonshire forms black-green radio-fibrous groups having a 
Bp.gr. of 3'431 to 3*436 ; hardness ~ 6*5. It is almost nndecomposiblo by acids, gives off 
a little hygroscopic water when heated, and afterwards exhibits an alkaline reaction 
(Forbes). The crystalline form of tho Nassau mineral is described by G. vom Bath 
\pogg. Ann. Ergansmgshand^ v. 420), 

BAGTSSXA. See FEnaismiioK, 

BARXITMa On the occurrence of barium in silicates, see Silicates. 

Vrifarcdion of Baryta.-^'E. NickUs prepares caustic baryta from heavy spar, by 
decomposing the mineral mixed with coal or charcoal and sawdust in a furnace of 
peculiar construction, extracting tho resulting barium sulphide with boiling water out 
of contact with the air, and decomposing it with eqiiiv. of zinc oxide. The 
barium hydrate obtained by evaporating the solution may be converted into anhydrous 
baryta by heating it in cast-iron or earthen cylinders in tho stream of carbonic oxide 
evolved by tho reduction of tho sulphate. The sulphide of zinc, when roasted, yields 
the quantity of oxide required for another operation {BvlL 8og, Chvmli^'] xii. 494). 

A similar process is described by Bosenstiolil {BingU polyt. J. cxcviii. 64 ; Jahresb. 
/. Ckm. 1870, 1122). 

Barium According to Bosenstiohl a. Buhlmaim {Chm. C^bl, 1870, 

G84), crystallised barium hytete melts in its water of crystallisation at 75^, the 
crystals thou contain 45*97 p. c. BaO. 

The solubility of baiyta in water at different temperatures is given in the following 
table 


Temp. 

Anhydrous BaO 
in 100 water 

Temp. 

Anhydrous BaO 
in 100 water 

TMnp. 

Anhydrous BaO 
in 100 water 

0® 

1*5 

22® 

37 

60® 

l‘7‘5 

6 

1*8 

30 

5 

64 

23*8 

6*5 

1*9 

36 

6*4 

68-6 

277 

12 

2*4 

41 

7-6 

69 

81*6 

12*5 

2*9 

46 

9*5 

70 

31*9 

16 

3 

54 

14 

73 

44*9 

21 

3*6 

68*5 

17*2 

77 

70 


BARLBY. Tho following observations relating to the life and growth of barley 
hare been made by J. Fittbogen Vereuchs-Sfatianen, xiii. 81). Tho plants 

were reared in pots, and sand purified by ignition, digestion with sulphuric add, and 
washing till every trace of acid was removed, was used as an indifferent soil-material. 
Into glass cylinders were put first a layer of quartz, Uien of unsized cotton, and 
lastly tho purified sand. 1 8 barleycorns were sown in each pot, at a depth of 2*5 c.m., 
liaving boon previously sprouted between two layers of damp filter-paper. Tho 
manure for each pot, expressed in milligram-equivalents was : 

KH'PO* KCl MgSO* Ca(NO»)* SIO" 

2*0 rO 1*6 16*0 6*0 ; 10*0 

Thirty pots were so arranged. Plants were cut twicb before the ear appeared, and 
throe times afterwards. There wore thus five periods. The plants 'were merely 
aividcd into two parts : that above the surface of tho earth, and tint beneath it, ex- 
Mpt m the last two periods, when a separation was made between the straw and 
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The aSrial organa of 100 plant; contained on an average: — 



The roots of 100 plants contained: — 



drains 

Ist period 

2nd period 

3nl period 

Organic matter , • 

6*158 

16*669 

23*027 

Ash 

2*006 

1*739 

1*663 

Dry substance . . . 

8*164 

18*408 

24*690 




Potash 

Soda • a • • • e 

Lime 

Magnesia .... 
Ferric oxide . . . 

Phosphoric acid . . 

Silica 

Chlorine . - . . 


Nitrogen ., • . . 


From these data given the follo\v'ing table was constructed 


100 Plants 

qontnlned I contained at the period of 


Potash . 
Soda. • 
Lime 


Feme oxide . 
Phosphoric add 
Silica e e e 
Chlorine . . 
Sulphuric acid ; 
Nitrogen . . 


* No IT bere teicen of the osh-oonitUlient in the seed soum* 
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Deducting 0-108 gram of mtpogon supplied in the seed from the above 0*885 
gram, there remains 0*277 gram nitrogen derived from the nitrogenous oompounds 
in the air. ^ ■ 

The daily increase in the amount of ash vas in the first period 0-386, in the second 
pcriodO-lie.mthe third period 0-078, in the fourth period 0-026, in the fifth period 0-012- 
u’hilst that of nitrogen vras in the first period 0*113, in the second period 0*083, in the 
tliird period 0-011, in the fourth period 0-006, and in the fifth period 0. Consequently, 
tlio most active assimilation of mineral matters and of nitrogen occMred during the 
early stages of growth, comprehending, according to the eameriments, the first third 
of the whole penod of vegetation. 

The relative proportions of phosphoric acid and nitrogen in tho grain wore also 
determined, and it vras found that in the unripe state the proportions are 1 : 1*72 and 
in tho ripe grain 1 : 1-66. As regards tho migration of nutriment from tho root up- 
wards, and from tlio stalks and loaves into the soed, tho following was established. 
A translation of potaslifrom tho root into Uio upper portion of the plant appears to 
occur during the tliird period, and of phosphoric add and magnesia during the whole 
period of vegetation. In tho fifth period the nitrogen decreased in tho root and in- 
creased in tho aerial portion of tho plant. The absolufe amount of nitrogen was 
markedly less in the aSi-ial part of tho plant during tho period when tho seed was 
forming (fourth penod), and higher in the root, than during the preceding stage of 
doYclopmont. A passage of potash from tho upper part of the aerial portion of tho 
plant into the gram was noted in the fourth period. When tho grain ripened, magnesia, 
phosphoric acid and nitrogon were given up to tho seed. 

As i-ngards tho incroaso of mineral matters, it was established tlmt this is greatest 
during tlio firat period. Linio, pliosphoric acid, and silica increased up to tlie time of 
maturity of the seed ; magnesia and soda up to tho time of formation of tho grain 
• After the Ihircl period, the potash nnderwout a decroaso, and the chlorine after the 
seeoFKl pcri(xl ; and this, at tho time of tlie ripening of tho grain, had gone on to such 
ti ilegroe that ot the former only 72 p. c., and of the latter only 48 p. c. of tho 
rau^imiim amount rcmoinod. The magnesia slightly decreased lifter tho foui-th 
ponod, 

Zirkel (JWriaci/ 1870, 358 ; JahreA.f. Chem.lVJ(i,' 

1361), dmilM basalts, accordinR to tlioir microscopic constituaots, into tho followine 

classes: ( 1 ) i%?«pa^Ai<?Art«rt/^j,whidiarotho most frequent, and consist mainly of trichnio 

le spar and augito, always associated with magnetic and titaniferous iron, often with 
divine and nophehno, never with loucite.— (2) LeucUic basalts, containing white 
iiMicito, jiugi to, olivine, and magnetic iron oroj with nepheline always subordinate, 
b ) rlvpMlme bamlts, composed of nepheline, s-iugite, olivino and magnetic iron ore • 
IrcquouUy also with Iqucite, more rarely with felspar. * 

bauxite occurring in the neighbourhood of 
Rhone) IB largely employed for tho preparation of aluminium and 
iilinniTia. There aro two varieties of it, distinguished as ferruginous and alumi- 
nilopous ; in the former the ferric oxide varies ftom 25 to 60 p. c. A ferruginous 
bauxite from the neighbourhood of Nas de Gillos yielded by smelting 42 p. ct iron, 
to contain 4 p. c. silica, 18 alumina and titanic oxide, 60 
c oxide, and 18 water with lime. The aluminiferous bauxite consists, according 
to hve analyses by 0. Sainto-Claire Devillo, of-^ «wropainB 


Silica . . . , , 
Titanium . . . . 
Rerric oxido . . , 
Alumina . , , , 


Water . 


I. 

n. 

in. 

17. 

V. 

20-7 

2-8 

4-8 : 

* 

2-0 

3-2 

3-1 

3-2* 

Li. 

1-6 

S-8 

25-3 

24-8 

34-9 

48-8 

68-1 

67*6 

65*4 

80-3 

83-2 

traoo"' 

0-4 

0-2 

12-7 

6-8 

(oorondum) 

14-2 

10-8. 

U-6 

23-1 

8-6 



. ' 

...» 

, , 

lOO-O 

100-0 

100-0 

100-0 

100-0 


IV. ISnnii Btesx ; V. 

impact, earthy, and puKditUe, 

the nei|hb«)iirhoS[5:Bfaia w aitmtad, between tbie lowart ivat at: 

ettributodte • the npppr ehalk; its oirigin-in tbia new cwtaoaoiw none ic 

(Coqnah^ Soo.gtk i» fiance, serSi, 98 } jak^ 
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Nine Fwnch baiuitefi analysed by Siemens (CAm. Sbe. tT. [2] zi. 673) gaVe the fol- 
Ictwing ayomgo result : — 



SiO* 

Al»0* 

Fe*0» 

n»o 


Baw . . 

. . 3*6 

59*2 

24-5 

12*1- 

99*3 

Calcined . 

. . 4*01 

67*89 

28*09 

— » 

100*19 

Eight other samples 

gave on the 

average: 





SiO" 

A1“0* 

Fe“0» 

H-0 


Kaw . • 

. . 1*75 

30*50 

'45*50 

12-57 « 99*32 

Calcined . 

. . 202 

- 45*53 

52*45 

— « 100*02. 

Irish bauxite analysed by Siemens gavo : 





SiO* 

APO* Fe»0* 

TiO* 

H»0 


Kaw . . . 

. 3*5 

35*0 38*0 

2*0 

21*i 

i«99‘0 

Galcinod . • 

. 4*45 

44*48 48*0 

2*54 

— - 

99*87 


Bnuxito (or Wocheinitc) containing a larger proportion of alumina is found on tho 
Wochoin in Caruiola. Tho following are analyses of a dark red, and a light red 
variety by E. Brocheol {LiugL pelyL J. cciii. 479). 




SiO* 

APO* 

Fo»0* 

n“0 K*0 Na»0 LPq^TiO* 


Dark 


4*15 

03*10 

23*55 

8*34 0*79 

trace » 

- 99*99 

Light 

. . . . 

4*25 

72-87 

13*19 

8*50 0*78 

trace = 

= 99*89 

Bauxite firom the same locality analysed by Siomons gave : 




BiO* 

APO- 

F«j“0» 

CuO MgO 

SO* P“0* 

n»o 


Baw . . , 

. 6*29 

64*24 

2*40 

0*85 0'38 

0*20 0*46 

25*74 

= 100*52 

Coldned 

. 810 

85*88 

3-20 

1*13 0*50 

‘ 0*26 0*61 

— 

1= 99*88 


Bauxite forms an excellent material for tho lining of furnaces which have to bear 
an intense heat, as in Siemens’ rotatory furnace. A sorios of experiments mado by 
Siemens to form solid lumps by using difiK3rent binding materials, liavo shown that 
3 p. c. of argillaceous clay suffices to bind the bauxite powder previously calcined. To 
this mixture about 6 p. c. of plumbago powder is added, which renders tho mass prac- 
tically infusible, because it reduces tho ferric oxide coutaiuod in tho bauxite to tho 
metallic state. Instead of plastic clay as tho binding agent, water-glass or silicate of 
soda may be used, which has the advantage of sotting into a hard mass, at such a com- 
paratively low temperature as not to consume the plumbago in tho act of burning the 
brick. When tho lining is completed, tho interior of the bricks is preserved against 
oxidation, by fluid cinder added to bind them together, which prevents contact with 
tho flame. A bauxite lining of this description resists both tho heat and fluid cinder 
in a very remarkable degree. A rotative furnace at Siemens’ Sample Steel Works at 
Birmingham was lined partly with bauxite and partly witli carefully-selected plumbago 
bricks. After a fortnight’s working the brick lining was reduced from 6 inches to loss 
than half an inch, whereas the bauxite lining was still 5 inches' thick and perfectly 
compact. Moreover, tho bauxite, when exposed to intonso boats, is converted into a 
solid mass of emery of such oxtremo hardness that it can hardly bo touched by steel 
tools, and is capable of resisting mechanical as well as tho calorifle and chemical 
actions to which it is exposed. The bauxite used for this lining contained 63*63 p. c. 
alumina, 42*26 ferric oxide, and 4*12 silica. , 

SB Airs. Tho following observations on the influence of light on the gerEoioa* 
tion of tho kidney-bean {Phaseolus vtdgafia) have been tiUwla by H, Xa]rsten'(M»<^' 
Verm!h&~8tati<men^'xx\\, 

The beans selected were as uniform as ^lOBsiblo. After weighing, Uiey ^ete 
to germinate betweian wet blotting-paper, and the shells roim>Yadl ' 
were suflaciontly developed, the beans wore supported on gauze, with 
distilled water. One series was then exposed to direct' sunlight, the vob^ onij 
shaded ; th6 other series was kept wholly in the dark. JSach bean ^as; ^ 

soon as the second leaf began to mako its appearance; thw oecuri?ed in. 
in sunlight, and in 25-30 days in darkness. The number of beans 
manner was 564b. ■■ ■ 
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The plante grown in the dark wore of far j^ter length than those exposed to 
sunlight., Tho proportion of Uio various parts is shown in the follov^ng taUo; the 
fibres represent the yield of 1,000 gnims of air-dried beans, containing 746 grams of 
diy matter free from husks 


■■ 

- . , . /fresh weight . 
weight . . 

Leaves 

Stalks 
of first 
leaves 

Liter- 

nodes 

Hoots 

Gotyle- 

dODB 

Total 

plants 

Original 

beans 

722-0' 

114-6 

115*0 

12*3 

615*0 

78-3 

m 


4041*0 

626*5 

1000 

745 


134-0 
22-6 1 

293-0 

19-6 

2027-0 

1740 

832-0 

62-4 

1682-0. 

277-7 

4886*0 

556*2 

' 1000 
746 


The loss of weight in germination is seen to ba greatest in tho dark ; the 
leaves had not in this case tho nutritive action which they probabl^r exercised in 
sunlight. 

A separate chemical analysis was made of each part of tho young plants. The 
cottiposition of tho dried, entire plants is compared below with that of the original 
beans, 1,000 grams of air-dried beans serving as before for comparison:— 


s 

Crude fat . • • . 

Sugar 

Gummy matter , . 

S^fircli 

Colluluso .... 

Protein 

Ash 

Non-nitrogcnous mat-) 
torundotormined j 

Total dry matter . 

Composition 
of origitiul . 
beaus 

Grown in light 

Grown in darkness 

Composition 

Gain or loss 
per cent. 

Composition 

Gain or loss 
per oent. 

19*08 

8*75 

84*92 

146*01 

17-47 

185-79 

30*17 

252-81 

19*82 
13-93 
105*89 
" 74*40 
57-97 
160-46 
34-85 

159-20 

+ 3*92 

+ 6916 
+ 24*69 

- 49*04 
+ 231*84 

- 13*63 

T 15*49 

- 37-03 

16*00 

8*42 

78*60 

62*21 

66*57 

168*69 

35*43 

121*31 

- 16*09 

- 3-82 

- 7-45 

- 57*41 
+ 276*84 

- 9*24 
+ 17-44 

- 62 01 

740*00 

626-52 

i 

- 16*90 

mm 

- 26*31 


Tho water in which tho young plants grew was found to contain but a trace of solid 

matter. 


8EaT. Numerous analyses of sugar-beete grown in England and Ireland in 1809 
1870, liavo been made by Dr. Voolcker, and published in the Journal of the 
Royd Agrkvliur<d ^icty^ [2j vii. 60. Tho season of 1870 proved more favourable 
to the formation of sugar than 1869, Samples grown in 1869 gave — English roots, 
8—12 p. c. sngar ; Irish roots, 6—11 p. c. sugar. Samples of the crop of 1870 gave— 
^ngliBh roots, 9 — 13*3 p. c. sugar ; Irish roots, 10 — 14’8 p. c. sugar. Large roots are 
siiown to be more watery, and contain less sugar than smfidlw roots. Liberal manur- 
ing increases the bulk of tho crop, but injures its quality; one effect being the increase 
01 albuminous and saline matters, ,Sio presence of wliich prevents tho crystallisation 
or a certain percentage of the sugar. The part of the root grown aWe tlie ground 
ntains loss sugar and mo^'nftSmgen than the buried portion : hence the advisability 
01 deep culture of tile soil. The following are characteristie analyses 


















BEET. 



Tlio distillation of spirit from beetroot is largely practised on the Continent ; it Las 
been recently commenced in England on a great scale by Mr. Campbell^ of Buscot. 
This manufacture turns to profit the molasses of the sugar-foctories, and utilizes tho 
crops of bad seasons, when the porcont-ago of sugar is below that (about 8 p. c.) re- 
quired for profittiblo extraction. It is considorod by many more remunerative than 
tho manufacture of sugar, and is certainly more consistent with high farming, tiic 
albuminous and saline matters favoured by liberal manurini^beiiig no obstacle to tho 
production of spirit. 

. Beetroot is prepared for ftTmenfaition by one of throe processes I. Tho roots aro 
fulpod or sliced, mixed ■with a small quantity of sul]>lniric acid, then pressed, and 
the juice is fermented. II. (Champonoi’s in(3tliod). Tho roots .nre sliced, and treated 
with hot ■wash acidulated ■with sulphuric acid ; no press is used, the sugar being ex- 
tracted by displacement. III. (Lbplay’s method.) Tho slicos of beetroot are placed 
in vats, and forniontod without previous treatniont. Tho residual pulp from each of 
these methods is used as cattlo food. 


Beetroot spirit is very apt to be contaminated with fusel oil, but the use of 
good distilling apparatus (as that of tho Messrs. Savallo) effectually removes this 
impurity. 

Since sugar-beet contains far more nutritive matter than tho best mangolds, it may 
frequently bo of iiioro valuo for feeding purposes than for tho sugar or spirit 
manufacture. 


The distribution of mineral substances by tlic root of beet has been studied by Coron- 
winder {Cmpt. rend, Ixxiii. 95). Samples of Italian beetroot from Modena, Milan, 
Bologna, and Vicenza were examined, and their composition compared with that of 
Fren^ beetroot from the departments of Nord and Pas-do-Cahiis. ThO Italian beets wow 
poor in sugar and contained much saline matter. 1 litre of juice yielded 52*5 to 86 
grams of sugar and 10*2 to 16*2 grams of mineral salts. The juice of the French 
beets gave 90*7 to 132*4 grams of sugar, and 7*3 to 8*7 grams of salts per litre. The 
density of the juice from the Italian beets was comparatively high. Density is not a 
safe indication of saccharine value, owing to the disturbing influence of the saline 
ingreiflents. The amount of potash in tho Italian beets was voiy considerable. Taking 
all the samples into account, it appears that the proportion of potash bore an iiivewfl 
relation to the amount of sugar. Some of tho samples of Italian beet contain^ a 
largo proportion of chlorides ; in theso-cases tho pipportion of soda was also excessive. 
The following analyses sliow, however, that sodium is taken up by the plant in other 
forms besides that of chloride. The analyses were made on throe samples <rf 
beet ^wn in the same field with different maiiu^s ; the quantitiSs to 1 Ut^ of 
juice. (See Table on opposite page,) 
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No 

Chemical 

Earth-nut 


msntire 

manure 

cake 


gram 

gram 

gram 

Chloride of sodium .... 

1-238 

•798 

1-611 

Potash 

2-308 

2-327 

2-315 


■902 

1*125 

•690 


•216 

•160 

•371 

Magnesia 

-322 

•293 

•231 

Sulphuric acid 

•406 

•201 

•182 

Phosphoric acid 

•581 

•657 

•144 


5-973 

6'S61 

5-863 


On tlic results of manures applied to beetroots, see also Czech {DinghpolyL J. cCt 
400), and Scstini a. Del Torre (Gassetta ckimiea italianatiW, 190; Cnem, Soc.J,, 
xxvi. 1254). 

BBUXS. The ilower-lioads of the common daisy (B^is prennU) contain an 
in)n-grcGning tannin, malic, tartaric, 'nziilic, and acetic acid, a soft resin (antholeudn}t 
a yollov colouring matter (anthoxanthin), together vitli chlorophyll, albumin, &e, 
(J. H.Enz, Viertelj.f. Pharm. xix. 1). 

BBVZAMASOlVBa — A body formed by the prolonged action of 

alcoholic potosli at ordinai-y tompemturos or dcoxybenzoin; 100 grams of deoxybenzoin 
digested vith a solution of 101 grams potassium hydrate in a litre of 00 p. c. 
alcohol, yielded about 20 j^ams of crystallised benzamarone in a fortnight. Benzama- 
1 -niie crystallises in noodles, melts at 225^, dissolves in 167 parts of boiling, and 1130 
parts of cold alcohol of 77 p< c. in 10 pints of boiling benzene and 35 pints of 
boiling acetic acid. Wlion heated for some time with alcoholic potash, it is resolved 
into about ecpial parts of deoxybenzoin and amaric acid (p. 55), also benzoic add and 
a small quantity of resinous matter (Zinin, Zeitschr,/, Chm^ vii. 127). 

saxruaxZDB. C^H'NO. — This compound forms monoclinic crystals, in which 
the axes a : 5 : c sa 0*228404 : 1 : 1 ’06827, and tlio angle of the inclined axes 5 o » 
89° 22'. — Principal angles OP : ooPoo « 90° 38"; + Poo : ooPoo 185® lO' ; ooP : 
00 P » 154° IG' ill tlie orthodiagonal principal section. Observed forms (Fig. 4) : 
ocP ooPoo OP +Poo <f|Poo. 

i a h m I . 


Fid. 4. 


The crystals obtained by fusion are almost always twins, whoso twin-axis is the 
principal axis, and face of combination oo Poo . 

A solution of bonzamido in ether often yields 
Kiniplo crystols together with twins : an alco- 
holic solution for the most part, only simple 
crystals. The crystals are sometimes prismatic, 
elongated in the direction of ooP; sometimes 
they have also short prismatic forms. Occa- 
Bionally they are tabular parallel to oo Poo , and 
longthcnod i n the direction of the orthodiagonal. 

cleave perfectly parallel toooPoo, less 
M«Iy parallel to + Poo . The faces oo P and 
wPflo have a strong lustre; OP, Poo, and 
+iPoo aro more or loss striated. The 
are colourless, seldom quite transpa- 

The plane of the optic axes coind^ with 
no chnodiagoiiaP principal section. The two 
inncipal directions of vibiiition are so situated in 
plane that one runs nearly parallel to + Poo , 

Jo other nearly atriffKt ingles to it. Tho first of 
nose directions is inclinw to oo Feo at the 
‘npos 49® 63" and ISO? 7", the obtuse angle 
'oing turned towards OR Dispersion p<v, 

Klein, i<nw. C7A PAflrm. dxvi. 184). 
liensimido heated for several hoars with biiter almond forms benzylona^ 

> ® 0 n z 1 ni i d 0 , C**H"'N*0* 

2nd jS«p, * K 



2H « 100® 15' red ; 102® 10' blow 
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Senzamide boated in soalod tubes to about 120® with ethyl nitrite, yields nitroffen 
water, and ethyl benzoate (Moyer a. Stuber, Deut. Ckcm. Ges. Bar, iv. 062). - * 

CIRCO.NH® + C*H^NO« - N3 + H*0 + C-H'.COOC^H*. 

Bonziimido unites witli chloral, forming the comiwund C*H“C1*N0 » (CCl*.OfiO^ 
C»H\CONH-, wliich melts mt 160®-161° (Wallnch, ibid. v. 251). 

1 r ic hlor oh ens amide, C*H*C1*.C0.NIP, produced by heating trichlorobeuzovl 
cnlorido with ammonia, crystallises ia small noodles, melting at 176®, easily solublo in 
alcohol ami in ether (Salkowski, Ann. Oh, Bharm. clxiii. 1). 

mamidobenzamide,S {c.h>(nH«)» 0 C»H»(NH=)*.CONH* (Muretow, ZciUcUr. 

/. CAm. [2] vi. 642). Obtained by roductioh of dinitrobonzamido. For this purposo 
ainitrobcnzmc ncicl is gently heated with excess of phos])lioriis pontacliloride till 
reaction bep ns, and wlion it is over the cooled liquid is poured into strong ammonia 
J ho diiiitrobonzainide thus fornicd crystallises in pale yellow laminae, exhibiting tin', 
properties described by Voit (i. 541). Molting point 177° (183® according to Voitl 
V solution of this nitro-amido, mixed witli ammonium sulphide, left to 

itself for 24 hours, then boiled up, fdtorod from sulphur and evaporated over the 
water-bath, yields the aiamido-nmid<» in the form of a brown-black syrup the 
crystallisation of which is greatly facilitated by the introduction of a crystal of the 
jsompound previously propircd. The crysUtls thus obtained arc black, and cannot 
bo decolorised by animal charcoal. The solution of the amide, wliidi is nearly 
colourless at first, turns yellow after a while, and deposits yellow crystals. ^ 

Diahudoljcnzaiiiidc forms largo, four-sided, brownish-yellow, iioodle-shapod crystals 
slightly soluble in cold, very easily in hot water. The aqueous solution turns brown 
probably from oxidation. Its hydrochloride. C'H»(NII*yN0. 
21lU, IS prjscipitated froiii the aqueous solution by hydrochloric acid in white iioollis ’ 
liaviug a silky lustpc. The picrulc is a yellow crystallirio precipitate, very slightly 
^ from the solaLn in iSi yeZ 

+ 21PO, is ohtamodhy teit- 
^ With acetic anhydride, and recrystallising the product from water. It forms 
1 • * niiodlea, slightly solublo in cold, freely in hot water. From 

5l Pi >> still iiioro solublo, it separatas in tufts of needles. Molts abovft 

iOO® ^ vitreous form. Gives off its water of cry^stallisation at 


C"H«N»02 (Gricss, Deut. Chf.m.Gcs. Bcr. i. 191 ; iii. 703: 

1m • * •! 72o , M. /28). A base produced by boiling cyanide of uinido 

beimnc acid (U« Supid. 317) with mocleratoly strong caustic potash:- 

C'IIXNI1*)0^2CN -f- H*0 = CWN'O* + CO. 

colourless, is left to cool and then mixed with a 
maf^bfl mirifiL I ' IS. thereby precipitated almost completely, . ml 

chiwcoal^ ^ repeated crystallisation from hot w’ator, with addition of animAl 



sorublo in'Vr7 Witnout ttocomposition. It is moderately 

Sf 1 - 1 ^ ^ c^atallises out almo.st completely on cooling; in boiling 

thereWin ^hort thick^iodles; iti' 
wkh barvta "^'1 1 ammonia. When boiled for a long time 

beuzoicacid aceoKhniff*^*’?!’ 'r amidobenzoic acid, m*ea, ammonia, anduramido* 
oeussoic acid, according to the following equations:— 


and 


C"H*is»0» + II-'O 


C"IPN>0» + iVO 


= eWNO* + CH^N«0 

Ainidolicnzoic Ureg. 
aoida 

« OH»N50> + NH*. 

Vramido- 
benaolu iicld. 
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2 (C*H*N* 0 *.HCl).PfcCl^ cryatallisos in yellow spiculse, moderately soluble in hot, 
sTwiringly in cold water. 

^ Bi'iizcreatine was at first regarded by Grices as a compound of 2 mol. amidobenzoic 
,„id 1 mol. oxnmidc: 2C'H»(NH=)0* + C-^HWO= - but later experi- 

ments liavo established the formula C"H*N’0®, which gives very nearly tiie same per- 
Uitage of carbon and hydrogen as or C»HWO». 

BBKZGXBATIWZWEa CIPN^O (Grless, Proc^ Hoy, Soc. xviii. 89 ; l)euL 
Ckm. 6V#. Iter. ii. 416 ; Zeilsohr,/. Chem. [21 v. 674). — A base produced by heating 
thoconiix)undC*"H'®N“0* — resulting from the action of cyanogen on aiithranilic (meta- 
iimidobonzoic) acid— with alcoholic ammonia for some days in a scaled tube placed in 
the watcT-bath : 

-1- NH» = C>H»N»0 + C-’H-O. 

It crystallises in nacreous laminae, nearly insoluble in water, slightly soluble in 
Iioiliiig alcohol. Its nitrate forni.s white narrow laminu;, nearly insoluble in alcohol; 

2(C®H'N*O.HCl).PtCl*, crystallises in thick yellow needles. 

BBNZBNSi C^U'’. Physical ProjpertUs, — Benzene crystallises in trimetric 
pyramids, liaYing their axes in the proportion: — 

a : 6 : c : » 0-801 : 1 : 0‘770 


(Grotli, Zdlschr. f. Chem, [2] vi. 653). Its index of refraction (in tlie liquid stfite) at 
i)° is 1'1593 for tJioliuo A, 1-5060 for D, 1-5307 for II (Gladstone, Chem. Soc. J, [2] vii. 
101 ). 

licactions. Benzene, heated with sulphur in sealed tubes to 400®-500°, forms a pro- 
duct -frhich dissolves for the most pirt in alcohol, and separates therefrom in long needles 
smd ci-ysl.!ilIiuo crusts, smelling like diphenyl, and having also the disagreeable odour 
of Yoliil.ilo sulphur-compounds. Much hydrogen sulphide escapes on opening the 
tubes (K. Schulze, Dent. Chem, Ges. Her. iv. 33). 

Boiizeno and potassium heated together in a sealed tube to 240°“250®, combine into 
a black mass, which appears blue in thin layers, explodes very easily when dry, and is 
violently decomposed by water. The gradual action of water on it gives rise to diphenyl 
(Aboljauz, Dmt. CJtem, Ges.Der. v. 1027). 

Bert helot found, in opposition to Harnitzky, that carbonyl chiwide does nob act on 
bcMizcDc nithor at ordinary or at higher temperatures (Is^ Huppl. 262). On repeating 
liis expcrimonis ho finds that no action takes place at 280° ; but that when liquid 
oai'boiiyl chloride i.s heated with 6 or 6 vol. benzeno to 320^ for 36 hours, the carbonyl 
chloride di.sappcar.s almost entirely, being replaced by a mixture of hydrogen chloride 
.'iiid carton monoxide. Part of (he benzeno is at the same time charred, but no chrysene 
is formed ; only traces of a volatile, strong-smelling hydrocarbon (? phonylenc), and 
not a trace of benzoyl chloride. Neither is this last compound formed w'hcn benzeno 
and cirbonyl chloride are heated together for 20 hours to 280°. That this negative 
result is not duo to decomposition of the benzoyl chloride by heat, is shown by the fact 
tiuvt this compound may be heated to 290° for 120 hours vfithout perceptible decom- 
lx)sitiou. Borihclot concludes, therefore, that benzoyl chloride is not formed by the 
acljon of carbonyl chloride on benzene at any temperature {Bull. Soc, Ckim, [2] xiii. 

ChroDiic oxycUoride acts with great violence on benzene, and if the two bodies are 
brought directly in contiicb, nothing is formed but resinous products ; but if the benzene 
be diluted with an equal volume of glacial acetic acid (which is not acted upon by 
cliromic oxychloride), a solution of cl^mic oxide fluted with 2 vol. glacial aceuc acid 
Bircfully dropped into it os long as any action takes place, olnd tlio liquid mixed with a 
arge quantity of water, the benzene rises to the surface in tljo form of a golden-yellow 
liquid. On removing this layer, ropeatedly ablating the green solution with fresh 
purtions of benzene as long as they acquire a yellow colour, and distilling the united 
^rtions of benzeno till crystals begin to separate in the retort, the remaining liquid 
iolidificB on cooling to a laminar a^stallino mass of trichloro-quinone, which may 
w purified by recrystallisation from hot alcohol The reaction is : 

CW 4CrO®Cl* - C«HCI«0* + 2Cr*0» + 6Ha 

If the chromic oxychloride contains free chlorine, tetrachloro-qnfnone is like* 
31 ) together with an oil not yet ezamin^ (Caretaqjeu, J, pr, Chm. cvii« 

Bensene Hexchlotide^ C*l£*Cl®.— According to Zachar Heyhi^itschr,/, Chm^ 
“Jvii, 293), this oonipoiind is most readily obtained by acting on boiling benzene with 

X 2 
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excess of chlorine, ova^rating off the unaltered benzene, pressing the crystals xirhich 
separate on cooling to tree them from mother-liquor, and rucrystallising from alcohol 
or benzene. It melts at 167° (according to Mitsohorlich, at 132°; according to 
Laurent, at 135°-110^). According to Vohl {ZviMtr. [2] iii. 122), it forms a crystal, 
line compound with fuming nitric acid, Heys, however, finds that it is not in tho 
least altered cither by boiling -with fuming nitric .'icid for many hours, or by trcatinir 
it with a hot mixture of nitric and sulphuric acid. Iloncc it would appear that the 
formation of nitro-compounds in tho aromatic group depends upon the double linking 
of the carbon-atoms ; it is possible also that the chloriue-atoras may influence tho udja’ 
cent hydrogen and prevent th(5ir replacement by NO*. 

Wlion the hcxohlorido is heated to 160° with alcoholic potassium acetate, nnieh 
potassium chloride is formed; on cooling, the filtrate deposits colourless crystals, 
insoluble in water, sparingly soluble in cold alcoliol, but readily dissolved by boilijie 
alcohol ; these crystals melt at 260°. At the same time u fluid compound is produced 
probably trichlorobeiizeue. 


ComiUuifioii of Bencene* 

Kckulu’s theory of tho constitution of benzene and its compounds and derivatives 
has boon explained in the First Suppleimnt to this Dictionary (pp. 193 -216). It is thoro 
shown that tho ring-formula of benzene, in which the carbon-atoms are supposed to ln! 
linked together by one and two combining units .'iltennitnly, affords .a satisfacloiT 
explanation of all tho best established facts relating to tho compounds of the aromatic 
group, and in psirticular, that it explains, more clciudy than any other yet proposed as 
a substitute for it, tho remarkable fiict^ that benzene, which for tho most part exhibits 
tlie^ characters of a saturated molecule, is capable, under certain circumstances, of 
tiiking up, without substitution, 2, 4, or 6 .atoms of a univalent radicle, and forming, 
such compounds as hoxchlorobeiizene, C*1PC1*, just .is ethylono C'^H', which in tho fn o 
st^^s^also a saturated molecule, can tiiko up 2 atoms of chlorine to form the conqxjiiml 

The chief objections which have been raised agaiusL Keknlc’s benzene formiihi 
are the two following : — 1. That, since according to this formula, tho six atoms df 
hydrogen in benzene aro of equal value, only one pentachlorobonzcno is possible, 
whereas two are said to exist. This objection cannot, however, bo regarded as of mwii 
weight, inasmuch as tho experimental demonstration of tho existence of two siu-li 
compounds is still incomplcto (see p. 14). 

The second objection, which at fii*sfc sight appears of moro importance, is tlic 
following :-~It is argued that those di-derivatives, in which tho .substituting radiclcn 
occupy contiguous positions, should differ according as the replacement has taken 
pli^ on adjacent carbon-atoms united by one affinity (C— C), or by two affinitiis 
(^— -C) ; tho so-called 1:2 derivatives should therefore bo isomeric, not ideutical, 
with tho 1 : 6 derivatives, so that foiur fli-derivatives of benzene are ]x>ssiblc, whereas 
hitherto at most^ three have been obtained. Such a diflfcronce, if it existed, wouM 
perhaps bo too slight to bo recognisable ; and Kckule is of opinion that the assumption 
of its existence arises ratlier from the kind of diagram employed to represent the btii- 
zone molecule, than from the ideas of wJiich this diagram affords but an imperfect ropn;- 
sentotion. To show that no such difference need be supposed to exist, ho brings forward 
tlie follow] ng hypothesis us to the mode of motion of tho atoms in tho benzene moleculo: - 
^ Tho atoms in the systems which wo term niolccnlcs must bo considered as in con* 

; no explanation, however, has hitherto been given as to tlie nature 
<« the intramol^ular motion. A planetary motion appears inadmissible in face of 
tho law of the linking of atoms (Vorkottung) now recognised in chemistry. Tlitj 
motion must indeed bo of such a nature that all tho atoms of tho system retain tlu’ 
sarne relative iwmiigemont, or in other words, tliat all the atoms return to a me-in 
position ot equilibrium. Tho most proliablo assumption then appears to bo that tlic 
separate atoms of the system, possessing an cssontijilly rectilinear motion, strike one 
against tlie other and, being clastic bodies, then recoil. On tliis supposition the term 
(atomicity) acquires a mechanical signification; denoting, in fiwt, the 
rolatiTo number of contacts which occur in tho unit of timo between tho atoms. I® 
the same time that tho univalent atoms of a monatomic molecule strike against each 
other once, tho bivalent atoms of a diatomic molecido come twice in contact at ^ 
same tomperaturc. In a moleculo consisting of one bivalent and two univalent atom* 
the number of contacts in tho unit of timo is equal to two in the case of the bivatoi* 
atom, and to one in tho case of each univalent atom. When two atoms of cftrb<»*« 
unit<m by one affinity of each, they strike against each other once in tho unlt,^^®*' 
iliat 18 to siiy, in the time during which tlie tiuivalont hydrogen makes 
Tioratiou ; during tho same unit of time they also each encounter throe 
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Iciil) atoms. Onrbou atoms united by two affinities of each, strike against each 
dill ‘ r twice, and during tJio same time come only twice in contact with other atoms. 

Applying this view to benzene, Kokule’s formula is an expression of the following 
conception : — ^Eacli carbon-atom strikes against two otlior carbon-atoms during the 
unit of time, once agsiinst the one and twice .against the other. In the same unit of 
lime it also comes once in contact with tlie hydrogen-atom, which during the same 
period makes one complete vibration. Eoprosentiiig beiizono by the hexagon 
formuli, and having regard to any one of the six atoms of carbon, tliat denoted 
by I for example - 

H ll 


II C 






11 JI 


the contacts of this atom during the first unit of time may bo thus represented:— 

1. 2, 6. b, 2, 

in which li denotes hydrogen. Tlie vibrations of the same atom during the second 
unit of lliiio arc then as follows : — 

2. 0, 2, h, 6. 

Tho contacts during tlio first period being represented by the above formula, those 
occurring during tho second unit of time aro represented by tho following: — 

n 11 

c- c 

a\ 

n 6 =0 H 



n H 


Tlio same carbon-atom is therefore, during the first unit of time, united W tw’o 
ntfinitics to one of tho contiguous carbon-atoms ; during the second, by two affinities 
lo the other contiguous atom. 

The Tiumbcr of contacts made by tho carbon-atom during tho first two units of time 
- the vibrations completed during these intervals being periodically repeated — aro 
thru as follows : — 

2, fi, h, 2, 6, 2, b, 6, 

from which it is evident that each carbon-atom strikes against each of the two carbon- 
atoms upon which it impinges, an equal number of times, or, in other words, that it 
bears the same relation to both contiguous atoms. Tho ordinary benzene formula 
only represents the contacts made during the first unit of time, and thus it is that the 
false view has sprung up that di-derivatives in which the radicles occupy the posi- 
tions 1 : 2 and 1 ; G respectively must be different. If tho above, or some similar 
conception be correct, it follows that no real difference exists (Kckule, Ann, Ch. PAam. 
clxii.77). 

Criticisms of these views have hoon published by Ladenburg {Dent, Chem, ires^ 
V. a22) and Michaolis {ibid, 463). 

Orientation of the Subatituted JRadiclee or Lateral Chains in the Di^erimtives 
of Bensme, 

In the article Auouatic Skrxes in the First Su^teme^it it has been explained that tho 
li-derivativcs of benzene may be arrangod in three isomeric series : the individual mom- 
jors of each of which may bo formed one from the other by a series of simple sub- 
'Jitutions not involving a complete change in the structure of the molecules, and are 
' jopoioro supposed to have their lateral chains in similar positions. These series are 
wtinguished by the prefixes ortho, W7cfa,and para : the first including those compounds 
may bo dorivedfrom, or converted^into phthalicadd; the second related in like 
nnnor toisophthnlic acid ; and tho third to torephthalic acid. It was fhirther explained 
1 tlio stinio article that, altliough tho relative positions of the substituted radicles or 
three soricB could not bo fixed with certainty, still the facts then 
' ‘^^tained rendered it most probable that tlio arrangement in. tho ortho-serifs was. 
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ropresontod by the formula, 1 : 2, in the meti-sorios, by 1 : 3, and in the para-series 
by 1 ; 4 ; those thro© being tho only i->os8ibl© orrangomonts. 

Subsequent researches have, in tho main, coniirnied those views, but at the same 
time have somewhat modi hod them so far as rognrtls the individunl comi)Ounds belong, 
iiig to each series. 

The derivatives in which tho position of tho lateral chains is most easily dotormin* 
able, aro the dicarbon-acids, phthalic, isophtlialic, and terophthalic, rcpro> 

sontod by the formula ^“11^ |^q 2 J£ • Of those, phthiilic acid is inferred to belong 
to tho 1 : 2 series : first, on account of its fornuitjon from uaphthiiloiio ; secondly, from 


the readiness witli \jfhich it is converted into an auhydrido 0“!!^ 


property which indicates the contiguity of tho two carboxyl groups in phthalic acid, 
and is not exhibited by isophtlialic or teroplithalic acid. Isophtlialic acid is formed bv 

oxidation of isoxyleiic, which is a derivative of mosityleuo. Now, mesi- 

tyleno has been shown to bo a symmetrically constituted triinothyl-bonzenc, 
ha^'ing its throe methyl-groups in tho positions 1 : 3 : o ; consequently, tlio 
two methyls in isoxyleno, and tlioroforo the two carboxyls in isophthalic acid, must 
be ill the positions 1 : 3. ihoc terophthalic acid, therefore, there remains only tlm 
arrangement 1 ; 4 {Isf Siip/il. 103). 

Another compound in wliicli tho relative position of the lateral chains maybe dotcr- 

< 011 

, the couvorsion of 

^0 

which, by oxidation into quinone, \ , indicates that the Uvo hydroxyls 


contained in it occupy contiguous positions (1 : 2). Of tho twootlier dioxybenzonos or 
oxyphonols, viz. pyrocatechin and resorcin, the last is derived from compounds 
which are convertible more or loss directly into terophthalic acid, and is tlioroforo a 1 : 4 
compound, w'hilo tho second is similarly related to comy)oimds of tho isophthalic series, 
and is therefore a 1 : 3 compound. 

Tho const itution of other di-deriratives of benzene is best determined by their con- 
vertibility into one of the throe dicarbon*acids, or one of tlio throe oxyjihenols. 

Oxy benzoic aci dnndtlie chloro-,bromo-,amido-benzoic acids, &c., related toithuve 
hitherto been generally rcgjirded as 1:2 con)|)ounds; while salicylic acid and its 
congeners, clilorosalylic, broniosnlylic, anthranilic acid, &c., have been referred to the 
1 : 3 scries. This view, liowovor, is somcxvhai at variance with tho fiwt that the 
formation of anhydrides, or similarly constituted liodies, takes place, not in tho first 
or oxybenzoic acid group, but in the second or salicylic acid group {e.ff, salicylido, 
coumarin). It therefore seems more probable that tho 1 : 2 arrangement belongs to 
this hitter group. To decide this question, V. Moyer {Ann, Ch. Pftarm. clvi. 2C&) has 

examined the action of sodium formate on sulphobenzoic acid, C°H‘*-|QQsj£,'vluch) 

according to Barth ^ibid, cxlviii. 34), yields, by fusion with potash, nothing but 
oxybenzoic acid, and is thoroforo a strict analogue of tho latter. Wlien equal weight** 
of sodium formate and potassium sulphobcnzoato are fused together, tho fused xnnss 
digested in water, and the aqueous solution, after acidulation, shaken up with othcfi 
nn acid is obtained wliich, w'hou purified by conversion into a barium salt, separation 
therefrom by hydrochloric acid, and rccrystallisation from hot water, melts above 300°i 
and exhibits tho composition and properties of isophthalic acid:— 

+ COONa = SO'HK + 

Since then, isophthalic acid has the two groups, CO’^H, in the position 1 : 3, jt 
follows, that Uie same rclativo position of the radicles must exist m Bulphobenzwo 
add, and therefore also in oxybenzoic acid ; and that the other derivatives of hciwpic 
add (chloro-, bromo-, nitro-, nmido*-) which are convertible into oxybenzoic add, most 
also have their lateral chains in the position 1 : 3, not os hitlierto supposed, in tbo 
position 1 ; 2. This conclusion has been experimentally verified in the case of teom®* 
benzoic add (produced by heating benzoic add with biomiho and water, on by 
action of hydrobromic acid on c^azobenzo-amidobenzoic acid: 
potassium Balt of which, wlieu heated with sodium formate, also yiel^ an 

Farther, since the para-derivatives of benzoic acid, as shown by Graebp 
Pharmn cxlizr 27), have their lateral chains in the position 1 : 4— inasmveb 
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|)i-omotoluono, wliicli yielda parabromo-ljonzoic acifl by oxidation, is furthor conrortiblo 
into ten^litlialic acid — thoro romaiiis, for salicylic acid and its congeners, only the position 
1 : 2. Tins view, ns already observed, is in accordance with the existence of anhydrides 
in the salicylic series ; and salicylic acid likewise resembles acknowledged 1 : 2 com- 
pounds, phthalic acid, for example, in volatilising with vapour of water, whereas oxy- 
bonzoic and paraoxy-bonzoic acids do not. 

These, however, are but indirect proofs of the oxistonce of salicylic acid as a 
member of the 1 : 2 series ; the following direct proof has lately been given by Fittig 
II. Ilnmsay (Aim, Ch. Vharm, clxix. 242). Toluono treated with sulphuric acid yields 

1 w'o tolucno-sulphouic acids ,C®H* , the more abundant of which, distinguished 

by the sparing soluhility of its potassium salt, is known to bo the para-compound 
(1:4). The other belongs to the same series as salicylic acid, sinc^ by fusion with 
potash it yields a crosol, which, by the further action of the alkali, is converted into 
salicylic acid. Now, when this second tolueno-sul phonic acid (hitherto regarded as a 
niotii-coinpouiid) is distilled with potassium cyanide, the gi*oup SO“H is replaced b}' 

CX, and tolyl cyanide, * i** obtained, which, by trojitmmt with alcoholic 

potash, is converted into toluic acid, J *^*^*^^ finally this toluic acid, when 

treated with chromic acid, is completely oxidised to carbonic acid and water— just 
like tlio ortliotnluic acid obtained by other xnetlu>ds, whereas metatoluic acid, when 
similarly treated, is convortod into isophtlialic acid. Consequently the second toluene 
Bulphonic acid — and therefore also salicylic acid — belongs to the 1 : 2 series. 

The constitution of a few other di-derivatives of benzene has boon determined by 
]di‘vcr a. Ador (Anv. Ch. Vhai'in. clix. i.). 

Sulpha 11 i lie acid, C^lPNiSO* is convert^jd by nitrous acid into 

diazusiilpluinilic acid ; this diazo-acid, heated with hydrobroinic acid, yields bromo- 
benzoiio-sulphonic acid, CWJlrSO* = and this last acid, fused with 

potash, is converted into resorcin, without any adiiiixturo of pyrocatechin or hydro- 
quinono. The same broniina tod, sulphuric acid, distilled with potash, yields di-cyano- 
Ijcnzeno C*ll'(CN)'-, which by boiling with xiotnsh is converted into terephthalic acid. 
These reactions show that the broniobonzone-sulplionic acid, and the sulphanilic acid 
from wliicli it is derived, belong to the para-scrics. 
i^ulpliiinilic acid treated with nitrous ncid yields the diazo-dorivativc, 

^ , wliicli, by boiling with water, is converted into a phenols ul- 


plioiiic acid, C"II* |gQajp which yielda resorcin when fused with potash, and is 

tlii^eforo identical with the a-phonolsulphonic (or phcnyl-Bulphuric) acid, which 
K(!ku]6 obtained by the action of sulphuric ncid on phenol. This acid is, therefore, a 
]viKi-coin|X)und, and aftbrds further evidence of the constitution above assigned to 
sulphanilic acid. 

The following table, drawn up by Meyer, exhibits tlio constitution of the known di- 
(lorivativqs of bonzoiio. They are arranged as substitution-products : — 

(1) Of Benzoic acid; (2) of Toluene; (3) of Phenol; (4) of Aniline; (5) of 
Benzenosulphonic acid ; (6) of Chloro- ; (7) of Bromo- ; (8) of lodo- ; and (9) of 
Kitro-benzeno, the substituted radicles being introduced in the following order: 

toon, on, Cl, Br, i, f, no*, nip, so»jr, ch*. 

The less known compounds are cliaracterisod by tho specification of some special 
property or mode of formation. 

The azo-, diazo-, liydrazo-, thihydro- (SH) derivatives, &c., are not given in tlio 
table, since they naturally belong to tho same series os the nitro-, amido. and sulnho- 
comp^ounds from which tlioy aro preparcMl. Neither are derivatives introduced in 
which substitution has taken place in tho lateral chains, such as — 



CH*OH 
OH, » 


C*H<| 


CH*OH 
CH* • 


C*H*| 


CH*OH 

CH*OH 


,&c.— 


as their positions in the table apo evident without farther explanation. For. a similar 
^a son, compounds whoso lateral chains contain more than one carbon-atom (deriTatives 
I otliyl-, propyl-, vinyl-, &c, bensono) arc likewise excluded. 
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Di-derivativcs of Beng$n$, 


OUTIIO-SBin£S.* 

1 : 2 

Phthalic acid. 
Salicylic acid. 
Ohlorosalylic acid. 


HlSTA-SEiUeB. 

1:3 

Isophthalic acid. 

Oxybcnzoic acid. 

Chlorobenzoic acid 
(direct from benzoic acid). 

Bromobonzoic acid. 

(dircctfroiu benzoic acid), 
1 : 3 lodo'bonzuic 
acid 

(from diazo-amidobon- 
zoic acid. 


PAHA-ficniua. 

1:4 

Torophtliiilic acid. 

Pa raoxy -benzoic 
acid. 

Chlorodracylic acid 
(from cblorotoliiciic). 

Broniodracylic acid 
(from bromotoluonii). 

lododracylic acid 
(from toluidinc). 


Anthranilie acid. 


Fluoboiizoic acid 
(from diazo-amidoben- 
zoic acid). 

Nitrobenzuie acid 
(direct from benzoic acid). 

Amidobonzoic acid. 


Ni trodracylic acid 
(from iiitroLoliione). 

Amidodracylic acid. 


1 : 2 Toluic acid 
(m. p. 102°). 


1 : 2 CroBol 

(froml ; 2 toliicncBul pho- 
nic acid; liquid; yields 
salicylic acid). 

1 : 2 Chlorotoliiono 
(from 1 : 2 toluidiiio; 
biiriiK away when oxi- 
dised). 


I : 2 Nitrotoliiono 
(direct from toluene, to- 
gether with tlio 1 : 4 
compound ; liquid ; burns 
away on oxidation). 

1 : 2 Toliiidino 
(liquid; chief constituent 
of ‘ psoudotoluidino ; ’ 
from the nitrotoluone 
alxive). 


[ Sulphobonzoic acid. 

i 

! Isotoluic acid? 
j (m. p. 90°-93°), 


1 : 3 Cresol 
(from thymol ; liquid ; 
yields orthobenzoic acid). 


1:3 Chlorotoliiono 
(yields chlorobonzoic 
acid). 

1 : 3 Bromotoliiono 
(liquid ; yields bromo- 
bcnzoic acid). 


1 : 3 Nitrotolueno 
(liquid ; yields nitroben- 
zoic acid). 


1 : 3 Toluidino 
(liquid; from the aboro 
nitrotoluone). 


1 : 4 Toluic acid 
(in. 1). 175° ; yields tore- 
plithulic aciil by oxiilji- 
tioii). 

1 : 4 Cresol 

(from cofil-tnr toluidino, 
&c., solid ; yields para- 
oxybonzoic acid). 

1 : 4 Chlorotoliiono 
(direct from tolueno ; 
yields chlorodracylio 
acid). 

1 : 4 Bromotoluone 
(direct from toluene ; 
solid ; yields bromodra- 
cylic acid). 

1 : 4 lodotoluone ^ 
(from toluidino ; yields 
iododracylic acid). 

1:4 Nitrotoluone 
(solid ; yields introdia- 
cylic acid). 


1 : 4 Toluidino 
(solid; from the obore 
nitroluoDo : ordinaiy 

toluidino). 


lodotoliienc 

(from |>soudotoluidine, perhaps a mixture of 1 : 2 and 
1*3 lodotoluone ?) yields 1 : 3 iodobcnzoic acid. 


• The prefixes * Ortho* and 'ICeta* are hero used in the sense origInBlly nsBlgned to Ibem 
Kokuie. Moyer reverses them, designating the 1:2 derivatives os msfa, and the 1 : " 
derivatives os ortho. This change, however, appears nnadvisablo, slnoo it Involves the necassity ^ 
altering the designation of a large number of compounds— hydroquinone and pyrocateehln 
the rest— whose position in the system, novertholess, remains nnchangi^ ; whereas, retainlW^ 
original signillcatlon of the prefixea orthoond meta, all that is necessary is to reverse their a tfWg r 
tlim to oortain dcrivotivcB of benmio acid, vis. salicylic ncld, oxybenzolc add, and their 
which, as Meyer's experiments have diown, must actually be transferred from ono serlegto tba opow* 
salicylic odd baring been shown to belong to tbe 1 : 2, and exybcnzoio acid to the 1 : S eoito* 
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Di-'derivatives of continued 


OnTHO fisniES. 

1 : 2 

1 : 2 Toluono-siilplio- 
nic acid 

(direct from toluene, to- 
jrdher willi the 1 : _4 
eonipound; yields suli- 
rylie acid). 

1 1 2 Xylono 
(yields 1 : 2 toluic acid, 
and burns away on fur- 
tlicr oxidation). 

Jlydroquinono. 

1 : 2 Chlorophonol 
(direct from pliciio]). 


1 : 2 lodophonol 
(direct from phenol; 
yields hydroquinone). 

1:2 Ni trophcnol 
(direct from phenol ; vo- 
L'ltile). See Phemol. 

1:2 Aiiiidophonol 
(I’roni tho abovo nitro- 
phoiiol ; yields quinono). 


META-SKniKS. 

1 : 3 


Isoxylono 
(yields isophthalic acid). 


Pyrocatcchin 
] : 3 Chlorophonol 
(from tho diazo-com- 
pound of tlio volatile 
ni trophcnol). 

1 : 3 ilromophenol 
direct from phonol). 

1 :'3 lodophonol 
(direct, together -with tho 
1 : 2 compound; yields 
pyrocatcchin). 

1 : 3 Nitrophcnol 
(direct from phenol ; not 
volatile). 

] : 3 Amidophonol 
(from tho aliovo nitro- 
phonol). 

1 ; 3 Phouolsulphonic 
acid 

(from phenol and sulphu- 
ric acid at ordinary tem- 
peratures ; yields pyro- 
catcchiu). 

Chloranilino 
(from .acotiinilide ; pro- 
bably 1:2). 

1:2 ilromaiiili no 
(from .acetanilide ; yields 
benzidine). 

1:2 lodanilinc 
(direct from aniline ; 
yields liydro(]uinone). 

1 : 2 Nitraiiilino 
(from acetanilide). 

I : 2 Plionyleue-din- 

miiio 

(nielts at 140°; from tho 
abovo nitraniline; yields 
qaiijono). 

Amidobonzeno-sulphonic "acid 
(from Schmitt's and Lauront’s nitrobenzeno-sulphonio 
add; constitution unknown). 


1 : 3 Sromanilino 
from /S-bromonitro-ben- 
zone). 


1 : 3 Phenylene-dia- 
mine 

(melts at 09° ; from iso- 
diamidobenzoic acid). 


1 :4 


1 ■ 2 Bromobenzene 
Kulplionic acid 
(from benzcne-sttlphonio 
acid and bromine ; ap- 
I^ara to yield hjdzo- 
quinone). 


rAIiA-S£l|]l-;B. 

1 : 4 

Toliieno-sul- 
phonic acid 
(direct from toluene ; 
yields paraoxy-bonzoic 
acid). 

Toroxyleiio 
(yields 1 : 4 toluic and 
UTcphthalic acid). 

ItcBorciii. 


1 : 4 Monophcnol 
(direct from phenol). 

1 : 4 lodoplienol 
(from di nitrobenzene ; 

yields resorcin). 


1 ; 4 PhonolsnLphonic 
acid 

(froni phenol and sul- 
phuric acid at higher 
tomjjoraturos ; yields 
resorcin). 

1 : 4 Chloranilino 
(from diniti'obeuzcne). 

1 ; 4 Broman ili no 
(from dinitrobeuzono). 

1:4 lodaiiilino 
(from dinitrobeuzono). 

1 ; 4 Nitraniline 
(from dinitrobenzene). 

1:4 Pheiiylene-dia- 
mino 

(melts at 63°; from di- 
nitrobenzonc). 

Sulphanilic acid 
(from aniline and sul- 
phuric acid; yields re- 
sorcin and terephthalic 
acid). 

ChloTobonzeno-Bul- 
phonic acid 
(yields resorcin). 

1 ; 4 Bromobenzene- 
ziilphonic acid 
(from bromobenzene and 
sulphuric acid ; yields 
resorcin and terephthalic 
acid). 
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J)i’derivativeM of Jien^cne^coniinwd, 

OanO'fiiuxe. Meta-bebieb. Paha-bmues. 

1:2 1:3 1:4 

lodobonzonesulphonic acid (constitution unknown). 


Nitrobenzonosulplionic acid , . ^ i i . 

(constitution unknown : from nitrobenzene (Schmitt) ; from bonzono-sulplionic acid 
(Laurent) ; from benzene-sulphurous acid (Otto and Ostrop). 

Benzene disulphonic 
acid 

(yieldskresorcin and tero- 
phthalic acid). 


Di chlorobenzenes 
(solid ; constitution doubtful). 

Chlorobromobcnzone 
(perhaps 1:2; froni tlie 
dinzo-conipounds of 1 : 2 
brom- and chlor-ani- 
linu). 

Cliloriodobonzone 
(perhaps 1:2; from the 
diiizo-compound of the 
above chloraniline). 

1 : 2 Chloronitrobon- 
zono 

(m. p. 83®; from^ the 
diazo-compound of the 
1 ; 2 nitraniline). 

Liquid Dibromobenzenes 
(constitution unknown. iSoo page 13D). 

Bromiodobcnzciie 
(from 1 ; 2 iodanilino). 

1 : 2 Bromonitroben- 


zeiic 

(m.p. 125°; by nitration 
of bromnbonzeiio ; yields 
1 : 2 bromaniline). 


Di-iodobonzene 

(m.p. 127 ° ; perhaps 

1 : 2 ). 

1:2 Nitro-iodobon- 
zeno). 

(m. p. 171*5°; from 
iodobenzeiie and from 
1 : 2 nitraniline). 


1:3 Bjomonitrobe n • 
ozone 

(m. p. 37°; Hiibner a. 
Alsberg's 7 -compound ; 
by nitration of brom- 
benzene, together with 
the 1 : 2 compound). 


1 : 4 Chlorobromoben- 

zene 

(liquid ; from dinitro- 


1 : 4 Chloronitroben- 
zone 

(m. p. 146°; from di- 
nitroboazeno). 

1 :4 Hi bromobenzene 
(solid ; yields terephtha- 
lie acid. See page 139). 

1:4 Bromon itrobon- 
zone 

(m. p. 56°; fromdinitro- 
benzene). 


1:4 Di-iodobonzena 
(m.p. 94°; fromdinitro- 
bonzeno). 

1:4 Nitro-iodoben- 
zeno 

(m. p. 34 °; from dini- 
trobonzeno). 

Dini trobenzeno 
(yields resorcin). 


Other classifications of the di-derivativeB of bonzono have also been projgosod, 
V. V. Richter \ieut, Chem, Gea, Ber, iv. 663) places resorcin in the same 
salicylic acid, and pyrocatcchin with paraoxybonzoic acid. Peterson (iWf. vi. 
deviates still further from the usual arran^ment, placing pyrocatochin with 
acid in the 1 : 2 series ; resorcin and dinitrobenzeno in the 1 : 3 series, and hyuj^ 
quinone in the 1 : 4 series ; .and the arguments in favour of ihU last vie 
appear to have considerable weight. See the article Phekols in this veluin 
(p. 924). 

Bromolienmaiie*.— C“H*Br* (P. Riose, Ann. 
clxiv. 176 ; Meyer a. Stiibor, Deut. Chem. Ges. Ber. iv. 966, and y. 62). Thisoom- 
pound is known in three isomeric modifications, one solid at ordinary tempeW^’ 
the other two liquid. The first [a], which is the ordinary modification 
called Couper*s), is obtained by the action of bromine on bensene or on uwMW?^ 
iiouzoiio. It is a magnificently crystalline body, melting at 89°. 
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The second [/Bl was obtained by Kieso in small quantity, together with tlie first 
by the action of bromine on bciizono. It is a colourlosM, mobile, strongly refracting 
liquid, miscible in all proporti«jiia with ether and bonzDiic, inodemtely soluble in cold 
alcohol. When slowly cooled to —27°, it remains liquid, but solidities immediately 
on being touched -with a glass rod : the solid molts again nt-^ 1°. It dissolves readily 
in cold fuming nitric aci<l, forming niti*o-ia-dihromobonzono which crystallises in T»ale 
yellow ncecllos, melting at 58*^ and boiling at 296°. ^ ' 

The third modification was obtjiinod by Moyer a. Stiibor by treating dibromanilino 
(prepared from acctjinilido) with a nearly saturated alcoholic solution of nitrous acid 
Reaction begins in the cold and is completed by w.irming. The product separated by 
w.itor is, when purified, a clear colourless liquid, boiling, like the second modification 
nt 215°, but not solidifying oven at -28°. It is not perceptibly acted upon by the 
strongest iiitiie acid in tlio cold, but dis-solvos only on warming, and is converted into 
a nilrodibromobonzeiio, wliich crystallises in pure glistening pale yellow needles 
irirlting at 60°-61°. ' * 

The following is a tabular view of the properties of tho tliroo dibromo- 
bonzones : — 


Dlbromobcnzcncs 

Melting 

point 

Boiling point 

Behaviour with 
I1N0“ 

Mononitro- 

rlcrivatiro 

Coiiper’s .... 

89° 

219° 

Dissolved on 
warming. 

PIatc.s or flat 
needles, melt- 

Kioto’s .... 

-1° 

213°-2I5°(cop. 

reeled) 

Dissolved with 
spontnneoiis 
evolution of 
lieat. 

ing at 84°. 

Fine ncodles, 
melting at 68°. 

Moyer a. Stiibor’s . 

Liquid at 

About 215° (un- 

Dissolved on 

' Needles, melt- 

(?)* .... 

-28° 

correctod) 

warming. 

ing at C0°- 
61°. 


Action of Sodium on Crt/stalliscd JOihronwftensene (Rioso, Zdtschr, f. Chenu vi. 
735; Ann, Ch, rhurm. clxiv. 161). When solid dibromobonzono is added to cold 
anhydrous ether holding in solution a quantity of sodium twice as great ns that which 
should bo required for the complete removal of tho bromine, and the mixtiipo is 
hcatiid in a waU^r-batli, reaction sets in after tho heating lias been continued for 
several hours, and tlicn goes on without further applicotion of heat, tlie mixture con- 
tiiuiiiig to boil gently, until, after 6-7 hours, tho sodium is entirely covered with a loose 
green-black mass. On exhausting tho product with ether and mixing the ethereal 
extract with a considerable quantity of alcohol, a yellow-brown mass sepiratos, and 
I ho supernatant liquid, when evaporated, gives a moss-like crystallisation, only a por- 
tioji of which, however, is re-dissolved by alcohol. Ry repeating tlio treatment with 
uicohol &c., several times, tho product may bo seporatod into two portions, ono soluble 
m alcohol and containing but littlo bromine, tho other insoluble and containing much 

, On submitting the mixed product to distillation, diphenyl, passes over 

m small quantity as a white crysUUino body. Tho residue, when again dislilJod, 
< ocoraposcs to a considorablo extent, but nt the same time yields a crystalline bodv*, 
wjnch, when purified by repeated distillation, washing with petroleum-naphtlia 
{ igpom), and final rocrystallisation from benzene, has tho composition of diphonvl- 
mnzene, The somo body is obtained by the action of sodium 

mono- and dibromobenzene. It melts nt 206° (corr.), and boils at a 
f vapour of boiling sulphur) ; it is insoluble in alcohol, but 
nS oawlym benzeno.from which it seimrates on cooling in small flat white 
in tho cold, and smells but faintly when heated; does not 
iliso with vapour of water, but sublimes oven bolow its melting point. 

product of tho action of sodium on dibromobonzono is, however, the 
u 1 ® above mentioned. This substance is nearly in- 

in alcohol and ether, but dissolves easily in benzene and carbon bisulphide, 

Mlidify *he gooond modification was said to 

solid horw n-u bnt ho now states that It rotnaina llqmd at —27®, unless touched xHth 

“t low third modiflcotloiis, therefore, resemble one another iii their behaviour 

nitrifi *?. boUlhgpolnta, and differ only in their behaviour with'fumlng 

' Ditro-deriviitivcs. 




140 


BWZENE. 

from ivliicli it is agiiin procipitatod in tlio amoi.i)hou» fitnto on addition of alcohol or 
ether. A product thus purified gave by analysis 77*49 p, c. carbon, 4*07 hydrogen 
and 17*68 broinino, which is nearly the composition of monobromopentn- 
phonyleno, C‘‘®II**Br (ciilc. 78*43 p. c. C., 4*14 IE. and 17*43 J3r.), The reaction 
may perliaps bo roprcsontcd by the o<iuation : 

2oC«H‘Br" + 4CNji » + C‘J1*(C'»H»)2 .iC”II'»Br + 4GNaBr. 

Con8titutio7i of Crystallised Dyjroniobeticfiite . — When crystallised dibromobonzono, 
obtained by tho direct action of bromine on benzene, is mixed with methyl iodide ami 
sodium in a flask surrounded by ice, reaction does not begin for several hours, not 
indeed till tho ico is molted ; it then proceeds quietly and yields a largo quantity of 
a hydrocarbon, tho greater part of which pisses over between 135° and 140°. This 
hydrociirbon oxidised with potassium cliromato and sulphuric acid yields terephthalic 
acid without any trace of isoplithalic acid. This transformation seems to show that 
crystallised dibrainobciizcnc belongs to tho para-series, tho two bromine-atoms being 
sepiratod by two intervals, ns representod by the formula C'BrHHBrllH (V. Meyer, 
Veut. Chem. Ges. Her, iii. 753). 

On tlie other hand, V. v. Bichtcr {ibid. iv. 459), states that this same dibromoben- 
zeno is obtained by acting w'ith phosphorus };>< 2 i^tabromido on orthobromophcnol, 
whouco it would appear to be itself an ortho-compound, C®BrBrIIITH ; and this view 
is in accordance with tho fact that wlion nilrfito of orthobromaniline is ho.*itod with 
nitrous acid and bromino-wator, and tho nitrate of diiizobroTnobenzono thereby pro. 
cipitated is docomi>osed by boiling with alcohol, a dibromobcnzeiie is obtained iden- 
tical with that which is formed by tho direct action of hromino on bonzeno. 

Cblorobenzenes- The statements respecting these compounds given in the 
Is/ SitppL (pp. 264-2GC), on the authority of Jungftcisch, liaA'O been modified in some 
respects by subsequent experiments of that chemist Ch. Vkys. [4] xv. 186). They 
are obtained: (1) By the action oi'iodino chloride on benzene ; (2) By distilling witli 
alcoholic potash tho mixture of additive compounds produced by the action of chlorine 
in siinshino on benzotie, monochlorobenzeno, or sulphobonziclo. 

1. Chlorine is passed into commercial crystallisable benzene mixed with iodine, tho 
mixture being gently heated at first, after which tho action goes on by itself. Mono- 
chlorobeuzcno is first formed, then dichlorobenzeno, whereupon the mass solidifies on 
cooling ; on continuing the passage of the chlorine, trichlorobcnzene is formed, and the 
mass again li(jueflcs. At length it becomes solid again, and must ho heated more 
strongly to melt the tetrachlorobenzeiio which is then formed ; and, finally, when jienta- 
clilorobenzctio has been formed, the product becomes again more fusible. Hexchloro- 
benzeue is not easily obtained by this process, inasmuch as a high temperature is 
required, at w^hich iodine and chloride of iodine are driven ofi! In every case, all tho 
substitution-products are formed simultaneously, but one of tlicm always predominate;!, 
according to the toinpcraturo and other circumstances of the reaction. Tho mixturo 
likewise contains small quantities of iodobonzencs ; but by exposing tho product to 
sunshine, or by distillation, these compounds are decomposed, with liberation of iodine, 
which may then bo removed by potash. 

2. Tho oily liquid formed, toother with crystals of the compound C*H*C1*, by 
the action of excess of chlorine in sunshine on monochlorobenzeno, , is seporatoil 
from tile crystals and gently warmed with alcoholic potasli, and tho resulting brown 
liquid is treated with water, which throws down a mixture of an oil with crystals, 
while chlorinated phenols and other products remain in solution. Tho mixture of 
oil and crystals yields by fractional distillation a series of chlorinated benzenes. 

Tho monochlorobenzenos obtained by tho two processes are tho same : but the di-, 
tri-, totra- and penta(?)-chlurinatod compounds obtained by tho second process aw 
dificrent from those produced by tho first. It will be convenient to distinguish those 
modifications by tho symbols a and i9. 

Monochlorohcnzene^ C”H‘C1, prepared as already described (Is/ Buppl* 266), 
and finally purified by cooling to — 36°, and filtering at that tomperatursi boils con- 
stantly at 131°, and solidifies between - 60° and— 60° to a hard crystalline mass, which 
melts at — 40°. -Its specific gravity is 1*1293 at 0° ; coefficient of expansion 0 * 001 16i 
Its physical properties are therefore identical with those of phenyl chloride obtained 
by the action of phospliorus pontachlorido on phenol. It is nr>t-. attack^ by pota^ttin 
hydrate, or at ordinary temperatures by potassium; when heated with 
yields diphenyl; this latter compound is also formed, together with other products* 
when the vapour of chlorobenzene is passed over red-hot copper. 

a-Dicklorobeneene, forms colourless transparent crystals 

to tho monoclinie system (not orthorhombic, as formerly stated); 
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rliomljic baso *= 43® 17' 56";' inclination of principal axis to this face = 46® 30 
(Dcscloizeaux), It melts at 63®, and boils 'witnout decomposition at 171®. 

Specific gravity 1-4581 1*241 1*2062 1 1366 

at 20 5® 63® 03° 161® 

Strong sulphuric add docs not act upon it in tho cold, but under the prolonged in- 
fluence of Jieat unites witJi it, forming a sulpho-acid. 

fi-JHcMorobmzene molts below 0°, and boils at about 175®. 

a-Trichlorohenzcne^ C*H®CI*, is difficult to prepare by tlip method above dc- 
Bcribcd, and can be obtained only from perfectly pure beiizone. It is best jjjfpared by 
i)assing chlorine into purified dicblorobonzono mixed with iodine, separating from tiniu 
to time the still liquid portion from the crystals, and treating the latter further with 
clilorino. Tho product, after washing with water and sodium carbonate, is subjesetod 
to fractional distillation, and the biglier and lower chlorobenzenes, which crystallise 
more readily, are scparJitod by cooling tho distillate. By further fractional distillation 
a iiroduct boiling at 206® is obtained, which is to be cooled with iced water, and 
brought in couUcfc with a crystallino fragment obtained by cooling the liquid in a 
fr<‘ezjiig mixture. The liquid in the ice-water tlicn grjidualJy solidifies into crystals, 
which may be freed from the still fluid porfioii by decantation. By repetition of this 
piMcess the portion wliich still remains fluid may be reduced to a very small amount. 

Trichlorobcnzono thus prepared, forms largo, transparent and colourless crystals, 
apparently belonging to tho rhombic S3'8tcm; it melts at 17®, boils at 206°, and lias a 
rather strong but not unpleasant odour : — 

Sp.gr. 1*5740 (erj-st.) l-46')8 (liq.) 1-4460 1-4111 1-2427 

at 10° 10° 26° 56° 100° 

whence tho expansion coefficient for the liquid st;itc is 0-000989. A mixture of this 
coiupuiind with a-dichlorobcnzcnc, in equal numbers of molecules, maybe cooled to 10°, 
w il bout formation of cr,y.stals ; but towards 0° part of tlio dicblorobenzcne soparatc.s 
ou(, and below 0° the wliolo solidifies. a-Trichlorobonzene dissolves in alcohol ether, 
carhon sulphide and benzene. It is a very stable compound, not being acted on by 
aqueous potash or decomposed hy distillation over caustic baryta, or deprived of any 
portion of it.s chlorine by strong heating with alcoholic potash, Iloatcd witli strong 
mlphuric acid nearly to tho boiling point, ibforras tricblurobonzone-sulplionic 
acid, which (Ty-stollisos at ordinary tenqieratures, and may bo precipi- 

tated from the siilphiirie acid solul ion by addition of water. Ihiro trichlorobonzcno 
is converted hy fuming nitric acid, with evolution of hoat, into nitro-trichloro- 
bonzono, but in the inipuro state it is but slowly acted on, the nitration taking 
place Only after prolonged boiling. 

fi-TridilorobcHzcnc, formed together with the a-modifleation by tlic second process 
aljovo described, molts at 60®. 

The more highly chlorinated derivatives of benzene arc, for the most part, suffi- 
t icntly described in tho First SuppleMait. , 

n-Tc trachlorohemcne molts at 139®, boils at 210°, and exhibits tho following 
specific gravities: — 

Bp.gr. 1*7314 1*4339 1*3958 1*3281 

ut 10® 149° 179® 230° 

^-TeiYacldorohcnsene melts at 35®, and boils at 253®. 

Ofpcntachlorohcnsenc there should, according to Kukule’s theorv, be only one 
modification, but Jungflcisch and Otto .-issert that there are two; both of which are found 
amongst the products of tho action of alcoholic potash on tho additive compounds 
obtained by the action of chlorine on monochlorobonzeno or on sulpibobenzide in sun- 
Khino, and may bo separated by boiling alcohol, in which one is soluble, tho other 
insoluble; one of them (a) is also tlie most abundant of tho products formed by the 
action of chlorine and iodine on benzene. The a-modifleation melts at 74°, and boils 
at 272° ; the iS-modificatiou (insoluble in boiling alcohol) forms shining silky needles, 
which melt at 176® when quickly heated, but after solidification from' fusion do not 
melt again till heated to 108°, and resolidify at a slightly lower temperature. The 
“-modification exhibits the following specific gravities : — 

Sp.gr. 1*8422 1-8342 1*6691 (fused) 1*5732 1-3824 

at 10® 16*6® 84® 114® 261® 

Ladonhu^ {IhiU» Chenu Ges, Ber. y. 789) is of opinion tliat tlie existence of the 
second modification of pentadilorobenzcne (melting at 17fi®-198°) is by no means 
Butisfactorily proved. On repeating Jungfleisch’s mode of preparation, that is to say, 
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exj^ing monochlorobenzeno to tho action of clilorine in sunsHino (using, hoitrover, 
moist instead of dry chloriuo), distilling the product with alcoholic potiish, subjecting 
tho distillate to repeated fractional distillation, and iho several fractious to fractional 
crystallisation from alcohol, till tlio molting and boiling points of the several portions 
became nearly constant, ho finally obtained the following compounds, and no others 

C«IPC1^ melting at 27^-28®, boiling at 245°-248® 

CTICl* „ 85®-86® „ 276=-277® 

C'Cl* „ 226® 

From those results Ladonburg concludes that by tho action of moist chlorine on 
monochlorobenzeno in sunshine only oiio pontaelilorobenzcuo is produced (that dcsig. 
nated above as a) : and, considering that the statements of Jungflcisch and Otto with 
respect to the pi*operties of tho second modification do not quite agree ; that, accorcliug 
to Jungfieiscli, tho melting point of this supposed modification varies from 175® to 
1U8®, and that among tho products of the action of moist chlorine on benzene, tliis 
particular product is not found, whereas all the others products obtained by tho action 
of diy dilorino do likewise occur in this case ; ho concludes that the existence of this 
second mollification of pciitaclilorobonzono must bo regarded as doubtful until it iy 
established by now and decisive experimonts. 

Jungfleisch (Z/w//. Chim, [2] xviii. 631) replies to these observations, muin- 
tainiiig tho existence of the second modification of pentaclilorobenzene described by 
himself and by Otto, and attributing Ladenbiug’s failure in obtaining it to the fiict of his 
Jiaving used inoi.st insteail of tlry chlorine. He states his intention of publi.Kliiij(r 
further resiilts relating to the second pentaclilorobenzene and ils derivatives. ** 

Otto {Ani\, Ch. Pharm. cliv. 182) likcvriso maintains tho existence of two modifica- 
tions of pentaclilorobenzene. When dry sulphobcnzeiic is subjected to tho prolougcid 
action of chlorine in sunshine, tho product dissolved in alcohol (which loaves undis- 
Bolved small quantities of diclilorobcnzcne chloride), decomposed by potash, and water 
then added, tho two pcntachlorobcnzcncs are thrown down, and may be separated by 
alcohol, in w'hich tho less fusible of the tw'ois insoluble. The more fusible nuKlificatioii 
melts at 85®, tho less fusible at 108°-199®. These statements do not agree very well 
with those of Jungflcisch. Moreover, Ladonburg, by tho analysis of two samples of 
so-called pontachlorobonzeiio prepared by Otto, one molting at 224®-225°, the othi>r 
at 219°-223®, found that they contained respectively 74*39 and 74*06 p.c. chloriuo, 
from which it appears that they -were both nearly pure hexchlorobonzenc, which melts 
at 225®, and contains 74*74 p.c. chlorine. 

Flnobennenep C*H*F, i.s obtained by heating tho calcium salt of fiuobonzoic aciJ 
with about four times its weight of slaked lime ; 

Ca{C«H^F.CO^)* + CaH^O* = 2CaCO» + 2WPF. 

Tho fluobonzone, after being purified by fractional distillation, solidifies to a maw 
of scales. It melts at 40®, boils at 180®-183°, and has a vapour-density of 3*476 
(calc. 3*037). It is insoluble in water, but dissolves easily in etlier and in alcohol; 
smells like benzeno, and burns with a smoky flamo (iSchmitt a. Gohrou, J. nr. Chenu 
[2] i. 391). 

MTitrobeiasenes. Momnitrohonsetu^ G*H*NO-, is but slowly attacked by chromic 
oxychloride mixed with glacial acetic acid. Hitrotriehlorobenzoic acid is probably 
formed, together writh an unknown substance, which strongly attacks the eyes (Gars- 
tanjen, J, pr, Chevu [2] ii. 83). 

Nitrobenzene, heated with potassium or sodium hydrate^ gives off ammoni.a and 
aniline, and on pouring the product into dilute hydrochloric acid, a brown tariy 
matter separates, which solidifies to a crystalline muss of azobonzeno. These, hoivercr, 
are only the final pi-oducts of tho reaction ; for if it bo stopped at a certain stage, the 
product dissolves almost completely in water, and hydrochloric acid added to tho 
solution throws down dark flocks of a resinous acid (Morz a. Coray, BmL Chem. 
i7er. iv. 081). 

According to Post a. Hilbner (ihid, r. 408) nitrobenzene brought in contact for o 
short time with potassium hydrate heated to fusion, nves off hydrocyiinic acid; 
dinitrobenzone is acted upon in a similar manner when boiled with solution (ff caust^ 
potash or soda. 

WltrobromobeDsenep C*H^Br(NO^). Thr(3o modifications of this ootnpound |ix« 
known, viz. 1. Ortho- oTu-Nitrohromohiiisme (1:2), produced by the action of ihming 
nitric acid on monobromobonzone, also, according to Grioss, l^y heating the brpmo- 
platinate of a-azophenylamine /from o^nitianiline) with sodium carbonate (iT. dlS;* 
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It molts at 125*’-! 26^, oxtail ises in long ivliite needlos, and is converted by ammonium 
sulphide or ferrous acetate into o-bromanilin e melting at 64°5'. 

‘2. Meta- or ^•Nitrobromcihensene crystallises from the motlier-liquor of the pre- 
ceding compound in long needles, melting at 37°, and boiling almost without dccomix)- 
sition at 2«^0°-2dl°. Its formation is most favoured by c&cting the nitration at a 
tcmpcraturo of 90°-t)6°. By reduction with tin and hydrochloric acid it yields 
j 3 'brom a uili no, which when precipitated with soda-ley and distilled with water, 
passes over ns an oil, solidifying in a freezing mixture to cry,stals, and when quickly 
pnsssed and dissolved in alcohol separsites therefrom in white needles melting at 31° 
(Iliibner a. Alsberg, Zeitechr.f, C^m. [2] vi. 369). 

Para^ or y-Nitrobromobenzend* is the modification which Gricss obtained by heating 
the perbromido of /3-azonicrophenyl ammoiiium with sodium carbonate (iv. 416). It 
molts at 60°, and is reduced by ammonium sulphide to iMirabromanilino (Gricss, i\*. 
426, 435). 

The three modifications of nitrobromobonzono yield corresponding nitrani lines 
when heated to 180°-190° in scaled tubes with strong alcoholic ammonia. Ortho- 
iiitrtiiiiline thus produced melts at 146°, and agrees in every respect with that 
obtained from acetanilide*; nieta-nitraiiiline, recently discovered by Walker a. Zincke, 
[Dcut. Chew. Gcs. licr. v. 114), melts at 66°; parunitninilino, originally obtained by 
'rL'iluctioii of diiiitrobenzeiio (iv. 446), at 108°. 

Ortlio- aud meta-nitrobromobonzene, when subjected to the furtl>er action (»f 
’(imiiig nitric acid, yield one and the same dinitro-brornobcnzcfie, C*Jl*Br(NO*)'^ nielt- 
ug at 72° (Walker a. Ziucke). Now, assuming that the bromine and uitryl in tlieso 
wo modifications occupy the positions 1 ; 2 and 1 : 3, it is easily seen that dinitro- 
>romobcuzeuo must bo cither 1 : 2 : 3 or 1 : 3 ; 6, us represented below : — 



To decide which of these is the actu<il arrangement, the dinitjro-bromobonzono was 
witli tin and hydrochloric acid, whereby tlio two groups NO* were replaced, by 
H.'**, and at the sumo time bromine by hydrogen, the result being paraplienylene- 
amino, (?*HH(NH*)HH(NH*), identical with that obtoined from dinitrobenzene, 
lis shows that in the dinitro-bromobenzone the two groups NO- must be separated 
two intervals, and consequently that the bromine and these two nitryls must occupy 
j positions 1:3:6 (Zincke a. 8intonis, Deui. Chzm. Gcs. Bcr. v. 791). 

Ortho- and para-nitrobromobcnzcnc heated with pure potassium cyanide and alcohol 
189° -200°, yields cyauo-bromobenzono, together with potassium nitrite, 
ording to the oqtialion : 

C*H«Br(NO*) + KCN = KNO* + C»n^Br(CN) ; 

1 by boiling the product with alcoholic potash as long as ammonia is given off, tlion 
Oiiig with water, filtering, and adding hydrochloric acid, a precipitate is obtained, 
s<istitig of bromobonzoic acid: 

C«H*Br(CN) + 2H*0 » NH» + C-H»Br.COOH. 

^initrohromobeuzene, C*H*Br(NO*)*. The formation of the diiiitrobromo- 
zcrio melting at 72° by tho action of fuming nitric and sulphuric acid on mono- 
'nobenzeno Suppl, 269) appears, from the observations of Clemm (J. pr. Chem. 

146), to bo^ accompanied by that of another modification melting at a lower 
peratiire. Dinitrobromobenzene melting at 72° heated with strong potash-ley 
Is dinitrophonol, C‘H»(NO*)«(OH), melting at 1130-114°; and when heated 
» alcoholic ammonia, dinitranilino, C*H*(NO*)*.NH*. — Aniline heated with 
irojiromobenzene acts violently on its forming dinitrodiphoiiylamine iden- 
with that obtained by Hofmann (Clemm). 


^herc Is some confusion about the dedgnntlcm of thwo Wmcfldei. HUhner a AlsbeiVi vho 
rn r modifloatioB above described, dlsUngulshed it by the prefix g, but Walker a. 

v;H4) dosisuatedit os y, and tho pom-modlllcatioB us g ; it Is hotter 

Bl>tothcinode of dlsUncttohaWtabythedlsco^^^ 
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NitramidohromoVensene^ C«H«Br(NO*)(NH*), is produced by heating nitrodi. 
bromobeuzono (propared by boiling solid dibromobenzene with fuming nitric acid) witl 
concentrated alcoholic ammonia to 200^-210*^ for sovoral hours : 

C-n’Er^NO* + 2Nn» = NH^Br + CH^BrNO^NH^. 

On pouring the black liquid into hydrochloric acid, separating tho red-brown solution 
thereby formed from resin, and pouringit into water, nitramidobroniobouzcne separator 
in fine felted orange -coloured needles, which may bo purified by crystallisation from 
ether, repeated solution in hydrochloric acid, and reprecipitation by water. 

Nitramidobromobenzeno melts at 104*5®, sublimes without decomposition, and 
volatilises readily with vapour of water. It is freely soluble iu alcohol and other, 
slightly soluble in cold water, somewhat more so in hot water, forming a yellou 
solution. It has no basic properties, but dis.solves in strong hydrochloric or nitric 
acid, and is reprecipitated on addition of water. Its hot aqueous solution dyes silk 
and wool of a fine yellow colour. It is not deprived of its bromine even by prolonged 
digestion with alcoholic ammonia at .a very high tenix^oniturc. 

If solid dibromobun/.cne bo a para-componnd (p. 136), the nionoiiitro-cumpoiind 
formed from it wll probably have the constitution 1 : 2 : 4 ; and tho amido-iTOmpouud 
formed from this by substitution of NH* for Br, will be similarly formed, thus : 
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By treating this last compound with tin and hydrochloric acid, tho NO= is rcplacod 
byNH^and a bromopliciiyle n e-diam in c, is obtsiined having the 

two amidogen groups cither in close proximity (1 : 2), or separated by one interval 
(2: 4 or 1 : 3). On adding excess of sofla, agitating tho pKxluct with ether, niid 
eyaporaiting the ethereal solution, the bromophenylone-diaminc is obtained as a thick 
liquid, which solidifies over .suliihiiric acid to a reddish crystalline mass.* By 
it with water and sodium-amalgam, tho bromine is replaced by liydrogon, {ukI 
phcnylcrie-dianii lie, (y®H^(NIl=)% is formed, like wi so having the two araidogcii 
groups disposed either as 1 : 2 or as 1 : 3 ; that is to say, it is either ortho- or nicia* 
phenyleiio-dianiiiic. (In Meyer’s table, p. 137, the latter position is assigm'd to it). 
This phcnylenc-diamino melt s at 99®, and is identical in characters and reactions with 
that whicli Gricss obtained by the dry distillation of /3-diamidobon/oic acid (Meyer 
a. Wurstor, Deut. Chenu Ges, Ber, vi. 362). See FHEKTi.KNa-i>iAMiNii;s. 

imtroolilorolienxenes (Jungflcisch, Ann. Chim. Phi/s. [4] xv. 186 ; Bngclhanlt 
a. Latschicoff, Zeitschr. f. Chem, [2] vi. 225; Clemm, ibid. 444). — Nitromonockloro- 
Ac»£rc«£r, C'‘IB(NO-)Cl, is known in two modifications, both of which :iro foriiml 
when monochlorobonzene is poured irjt.o cool fuming nitric acid; they arc soparut?il 
by their difFcrenco of solubility in cold alcohol. Tho modification designated as a, 
which is but sliglitly soluble in this liquid, forms longcr3*staUinu laminae, derived frem 
a rhombic prism of about 125®30'; molts at 83®; and has, after solidification, a spocili*: 
gravity of 1*380 at 22®: it boils without decomposition at 242° (bar. at 761 ram.); 
smells like bitter almonds and Tonka beans. Ether, benzene, carbon sulphide, boil* 
ing alcohol, and hot nitric acid dissolve it readily. It is not attacked by aqueoiu 
potash, but alcoholic ^iash acts strongly upon it, probably forming chlorinated tax»y 
benzene. Strong dissolves it easily and turns brown-rod when boiled with 

it, giving off a largo quantity of sulphurous oxide; at comiiaratiYely low tem]^rature0i 
tho product consists of nitrochlorobonzeno-sulphonic acid. Fuming nitric 
acid does not act upon it, but a mixture of strong nitric and sulphuric acids quickly 
converts it into a-din i'tro-cli lorobcnzono. 'By tin and rrcK^themouo* 
nitrated compound is reduced to monochloranJlino, C*1I“CIN, which appears to 
be identical with that which Hofmann obtained from chlorisatin. 

^-Nitromonochlorohenzcne^ tho modification which dissolves easily in coW 
alcohol, is purified by solution in a small quantity of voiy cold alcohol and precipi* 
tated with water. It solidiflos in a freezing mixture. When placed in ice-water snu 
mixed with a few fragments of tho portion which has previously solidified in Ijo 
crystalline form, it crystallises and may bo freed from the still liquid portion by 
decantation. By repeatedly subjecting tho crystallised portion to tho same treatm^i^ 
^that is, di.ssolving it in a small quantity of cold alcohol and causing^ it to BoUdi^jr^ 
touching it after cooling with a cmtal of the same modification, it is finally obtaineA 
in tufts of beautiful needle-shaped crystals,, having a nacreous lustre, a scarcely F^* 
ceptiblo yellowish tinge, and a fragrant odour like that of Tonka beans or clOv WV; j 
melts at 15®, boils at al^ut 2-13®; and has a density of 1*368 at 22®. In the 
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Btato it is niisciblo with alcohol in all proportions ; ether, carbon sulphide, benzene 
and dilute nitric acid dissolve^ it readily. With potassium hydrate it reacts like the 
lirst modification. Fuming nitric acid acts easily upon it, especially at the boiling 
heat, converting it into a- and /B-dinitromonochlorobenzenc. A mixture of nitric and 
siiii'huri^' acids acts uxion it explosively. With strong sulphuric acid it behaves liko 
the a-inodification, Ky ff/i and hydrochloric acid it is easily z’educed to j8-mono- 
I'liloraiiilino, which is obtained as a liquid not solidifying at low tempera- 

tllPCS. 

a-T)initromo7ioc7ilorohen::enet C*H*(NO-)*Cl, is easily prepared from a- or 
P-inouonitrochlorobenzeno, or directly from monochlorobenzeiie, by tlio action of a 
v;ii:in mixture of strong nitric and sulphuric acids, and precipitation with water ; it 
ni:iybo, purified by several rocrystallisations from^lcohol, or bettor fi’om boiling ctlicr 
(Tirngllcisch). It is also produced by the action of phospliorus pcntachlorido on 
diiiitroxihcnol (Clemin). It forms large, transparent, very faintly yellowish crystals, 
Mhieh, according to Descloizeaux, are orthorhombic prisms of 102°5'. It has a faint 
(«lour fit ordinary tempornturcs, bat, when heated, gives off very irritating vapours. 
Tt has a density of 1'697 at 22®,mclte at 60®, and boils with slight decomposition 
;it 316°. It is insoluble in water, and very slightly soluble in cold alcohol, but boil- 
iM‘» nhvihol, as well as other, benzene, and carbon sulphide dissolve it freely. Ftimhiy 
nitric acid likewise dissolves it without decomposition. Strong sulphuric acid iinites 
with it when heated, forming a sulxfiio-acid. By alcoholic potash it is attacked in the 
same manner ns nitn^benzeiic. Tin and hydrochloric acid convert it into nitrochlor- 
:iii ili no, w'hicli is obtained in fine orthorhombic crystals, melting at 89®, and decom- 
posing xv-irtially when volatilised (Jiingfloisch). 

By strong aqueous potash^ or by alcoholic soda-sohitioUj it is converted into diiiitro- 
ibcrvob Heated for four or five hours to 100®-120® with alcoholic a^nmonia^ it yields 
ii iliuitranilinc, C®n"(NO*)^NH-, which crystallises in light yellow prisms, melting 
ill 1 76® (Clcinm). 

B'Vhiitrochloroljcuceue is obtained with difficulty from mononitrochlorobcnzonc by 
heating willi nitric acid; it is prcciint.al.od with water, w'nshed with water and then 
with })oiling alcohol, and rccrystnllisod from, solution in cold ether. According to 
Dewloizciiux’ ineasurcnicitts, its crystalline form is similar to, but not identical with 
■hnt of the a-inocHfication. The primary form is a right rhombic prism of 100® 18'. 
riio cTi-ptals .are faintly yellowish, very brittle, Imvo a density of r0867 at 16®-5, and 
m‘lfcat43®; the boiling point is about 315° (bar. at 0' 76 2 met.). It is scarcely 
lobiblo in cold alcohol, more freely in boiling alcohol ; ether, benzene, and carbon 
iiilpliiLle dissoh’o it more readily th.an the a-modiflealion. With nitric acid and 
Icoliolic potash it reacts liko the batter. By reduction with tin and hydrochloric acid^ 
f. Yields J3*monocliloronitranil inc, which crystallises in right rhombic prisms of 
10 ® 22 ', 

i8-T)initrocblorobenzciio undergoes a remarkable change when touched with the 
mallost fragment of a cry.stal of the a-modification, the transparent crystals becom- 
ig turbid and piis.sing into the a-modification ; by subsequent crystallisation 
’oni ether or carbon sulphide, they are obtained in the exact form of tlie a-modifica- 
on, exhibiting also the same melting point and the same degree of solubility. 

Oil the other hand, the a-modification may be converted, tliough less easily, into 
Iluj 3-modificatiou : namely, by suddenly plunging it, while in the fused state, into a 
freezing mixture, whereupon it solidifies to a homogeneous transhicont crystalline 
mass. Jun^^eisch supposes that the substance thus obtained is the iS-modifiention, 
because it is more fusible than the original a-modification, and because, when 
'ouchod with a crystal of the latter, it is gradually converted, from the point of con- 
act inwards, into a turbid ciystallino mass, made up of crystals of the more stable 
»-raodificntion. These remarkable changes appear, however, to require further 
•examination. 

^itrodichlorohensene^ C"H*(N0*)C1*, is prepared by Hie action of nitric acid 
. JP* 6’^* on dichlorobonzeno (molting at 63®), and purified by precipitation 
With w.ator and crystallisation from Imiling alcohol. From solution in carbon sulphide 
f .^cp^rates by spontaneous evaporation in faintly yellow, soft, flexible crystals of tlio 
tycliuie sy.stem. It melts at 64*6® and boils at 26«®. Sp. gr. 1*669 at 22®. Boiling 
ftlcohol, carbon sulphide, benzene and chloroform dissolve it fi'ocly, cold alcohol 
spaniigly. Ac|ueous potash does not act upon it ; alcoholic potash attacks it strongly, 
probably forming dichlorazoxybcnzonc. Strong sulphuric acid dissolves it readily, 
'>rming a sulpho-acid ; in boiling the liquid, sulphurous oxide is given off. By tin 
>ui(i hydrocJiloric add, it is converted into dichlornn iliiio. 

CTl-(NO®)sCr-, is formed in two modificalions by 
'^lUag tlic preceding corapoiiiid for an hour with a mixture of fiiming nitric and 

2}i{f Sffp, 
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strong Bulplinric acids. Ono of these, distinguished as the a-modiflcaLiun, is less 
soluble in alcohol tliun the other, and may therefore obtained pure by erystallisa. 
tion from alcohol, and washing with the same liquid. It forms small nncrooiis 
laminae, having a slight yellowish tint ; smells faintly at onlinary temperatures, but 
gives off a pungent iiitoierablo odour when heutxxl ; melts at 87® (at 104°, according 
to Eiigclhardt a. Latschinoff) ; boils with slight decomposition at 312°. After fusiou 
and solididcatioii, it has a specific gravity of ri03 at 16°. It is nearly insoluble in 
cold alcohol, but dissolves more easily in boiling alcoliol, and still more in ctluT, 
carbon sulphide, and hcnzenc. Strong sufphuric acid unites witli it, forming a siilpJio- 
acid whose barium salt crysbillises easily. Alcoholic pobish decomposes it readily, 
forming crystallised products. Jin &i\(i hydrochloric convert it into dichloio* 
n i t r a n i 1 i n e ( Jungfleisch). 

Boiled with sodium carhonale^ it yields a sodium salt, C'‘H®Na(N0-)-C10 + 311-0, 
which, when decomposed by acids, yields a di n i trochlorophenol, C*H®(NO'‘')-C10, 
melting at 80°, and probably identical with that obtn,inod by Dubois and l)y Faust a. 
Saanio (Ist SuppL 914). . (Engclhardt a. Latschinoff.) 

The ;3-modjfication of dinitrodichlorobenzcnc is obtained by evaporation from tlie 
mother-liquors of the o-modification, and may bo completely freed from the latter liy 
cooling the hot alcoholic solution of the residue, the /8-modflcatioii then separsilijiJj 
in the crystalline form, while 1 he a-modificalioii sep:irnles as an oil wliich may Iks 
decanted from the crystals together with mother-liquor. The final purification ih 
cfTected by repeated crystallisation from alcohol. It forms ncjirly colourless well- 
defined crystals, melts at 107° (at .101°, according to Engelhardt a. Latschinoff); 
boils writn slight decomposition at 318°, dissolves somewhat more easily than the 
a-inodification in cold alcoliol ; but in other solvents the tw'o modifications dissolve 
with equal facility: they also react in the same manner with sulphuric acid, with 
alcoholic potash, and with tin and hydrochloric acid (Jungfleisch). — By boiling with- 
sodium carhonaic^ it is converted into the easily soluble sodium salt of a dinitro* 
cliloTophenol, whoso barium salt, [C®IP(NO=)-C10]-Ba + 311*0, crystallises in 
yellow needles. The din itroeliloropheuol separated from it crystallises from water in 
tufts of long noodles, melting at 70° (Engelhardt a. Latschinoff). 

Niirotrichlorohcnsene^ C"lI*(NO')CP, which Lesimplo obtained by the action of 
fuming nitric acid at the boiling heat on trichlorobonzene (Is^ fiuppl. 260), cryslallisoK 
from carbon sulphide in light sulphur-yollow, oblique rhombic prisms of 
whoso prismatic faces make an angle of 63°40' wdlh the base. It melts at 70° n 
yellow liquid, which boils without essential decomposition at 288°. Sp. gr. 1‘790 nt 
22°. It dissolves slightly in cold, more freely in hut alcohol, and with great focilih' 
in etlicr, benzene, and carbon sulphide. Alcoholic potnsh-ley acts strongly on ii ; 
strong sulphuric acid docs not act upon it in the cold, but dissolves it when hcatid, 
■with formation of a sulpho-ncid : at the boiling heat the liquid becomes dark, and 
gives off sulphurous oxide. By tin .and hydrochloric acid it is converted into trichlor- 
aniline (Jungfleisch). 

Dinitroirichlnrobencencj C*H(N0-)*C1“, is obtained by boiling the preced- 
ing compound for some hours with a mixture of strong nitric and sulphuric acid^, 
precipitating with water, washing with dilute potash-icy, and erystallisalion from 
alcohol. It forms light yellow, six-sided, needle-shaped prisms, having a density of 
1*850 at 26°; melts at 1 03*5°, and boils with slight decomposition at 335°. B 
insoluble in cold, but soluble in warm alcohol, also in bonzeno, carbon sulphide, and 
ether. Alcoholic potash attacks it w'itli violence ; (in and hydrochloric acid convert il 
into nitrochloraniline (Jungfleisch). 

I'rinitrochlorobenzenSt (>H®(NO*)*Cl, is produced by the action of pho®' 
phorus pentachloride on picric acid. It was originally obtained by Pisani (Is^ 

416), wlio, however, docs not appear to have prepared it in the pure state. Cleniffl 
(Zeitschr.f, Cheni. vi. 444) mixes 100 grams of dry picric acid with twice its weight®* 
phosphorus pcnt>achlorido in a capiicions vessel provided with a wide condensing tuH 
applying a gentle heat at first, and when the fir.st violent reaction is over, hating the 
mixture for somo time to the boiling point : tlio greater part of the resulting ph®®' 
phorus oxychloride is then distilled off, tho residue decomposed by water, and tn® 
separated trinitrochlorobcuzono is washed with a little other and cr^tallised 
alcohol or light petroleum oil. It ci^tallises in nearly colourless miining noodle®! 

• ‘Which become dull in contact with the air ; melts at 83°, often remaining liquid 
long time. It is not decomposed by boiling water, but solution of sodium 
or caustic alkaiis decompose it at tlio boiling heat, forming metallic chloride and ti}' 
nitrophenol. By amtnonia or ammonium carbonate it is converted Jot®, 

Irani line (Pisanrs picramido). AnUine acts A'iolently on it, forming triiiitto®'' 
Vlionylwnine, NH(C*H*)[C'II’(NO«)»]. With elhjfi aniiixf, nothing 
products are formed. With an alcoholic solution of sodium phenatCt trinitroaiiow’ 
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bonzcno yields hydrochloric acid, sodium piciato, and phenol. Witli an alcoholic solu- 
tion of potassium sulphocj/anate, a complicated reaction takes place, yielding u 
cryBUllisablo body, -wlioso composition has not yet been detemined (Clcinin). 

}iitroteirachlorohe7hsenCi C*H(NO®)^ is prop.'ired by treating tctrachloro- 
Itonzciic with strong nitric acid, or better with a mixture of nitric and sulphuric ncirl.s. 
b crystallises from boiling alcohol in thick striated needles; from carbon sulphide by 
vlow evaporation in large transparent and colourless triclinic crystals. It has a 
peculiar slightly pungent odour ; melts a^t 99^ and boils with decomposition at 304°. 
Sp. gr. r744 at 25°. Insoluble in cold, easily soluble in liot alcohol, also in benzene, 
carbon sulphide, and chloroform, slightly in hot strong sulphuric acid. By tin and 
hydrochtoric acid^ it is converted into totrachloraniline (Junglleiseh). 

Niiropcntachlorohensonef C*(NO*)CB, is formed by the action of fuming 
nitric acid on penUichlorobenzeno (molting at 74°), and sepamtes from the solution on 
cooling in beautiful six-sided crysLillino plates ; after washing with water, and boiling 
with ililutc potash, wliich removes a quantity of adhering br<iwn siil)staneo, it recrys- 
tallii^es from alcoliol in slender colourless shining noodles, from carbon sulphide in 
liwge tnonocliiiic tables ; molts at 146°, and boils with partial decomposition at 328°. 
Sp. gr. 1’718 at 25°. Insoluble in cold alcohol, easily in boiling alcohol, especially 
when mixed with benzene, still more in carbon sulphide and in chloroform. By 
ihi and h/drochloric acid it is converted into pontachloraniliiio, C^CPNH- 
( Junglleiseh). 

In all the nitrochlorobcnzeues, tlio chlorine has completely lost the passive character 
wliicli it exhibits in the elilorobenzenes, and is replaceable by other radicles, with 
greater facility in proportion as the compound contains a Lirger number of nitr}’! groups. 

a- and Q-Nitrochlorobmzene^ C®1I’(N0-)C1, heated to 130° for three days wnth solu- 
■lion of sodium carbonate or ly-drato give up their chlorine and are converted into 
]iiti-opheiiols, the a-modification (molting at 83°) giving non-volatile iiitrophenol, hut 
only in V(;ry small quantity, the j3-niodification yields volatile nitrophonols. Ammonia 
likewise withdraws the chlorine froin those compounds. 

yUmUcIUorohoiCdiCy C*JT*(NO-)Cr‘*, is but little acted upon by caustic sodra or 
Ly ammonia; but dimtrochhrohcnsene, C®Il»(NO*)®Cl, easily gives up its chlorine, 
yielding, when boiled with solution of sodium carbonate, a dinitrophenol melting at 
1 1 1° ; with ammonia, a dinitranilino melting at 177® ; and with toluidine, a compound 
wliieli melts at 136°, crystallises from ether in long ril plates or orange-yellow tobies, 
i« lul probably consists of dinitrophcnyl-toluidine, 0''II®(N0'')=C»H’NH. Still more easy 
is the decomposition of trinitrochlorohensenc, C®H®(NO0*Cl, and of dinitro-dichloro’ 
k'H’enc, C«Ii-(NO=*)Cl* ; by boiling with alkalis (pp. 145, 146); the former being 
converted by ammonia or ammonium carbonate into trinitranilino, the latter by sodium 
carbonate into dinitromonochlorophoiiol, C®H®(N0*)-C10 (Engclhandt a. Latschinoff). 


Compounds formed hy Beduciion of tJtc Xiirobensencs. 

Amidobenxenep C®IP(NII*). Sco Aniline under Phenylamines. 

Triamidohcnscncy + C®H®(NH®)*, is obtoined by distilling triamido- 

benzoic acid with pounded glass. It is a ciystollino solid, varying in colour between 
flcsh-colour and chocolate. It is readily soluble in water, alcohol, and other, and 
remains on evaporation as a radiate ciystollino mass, molting at about 103°, dis- 
iilliiig at 336° (corrected), and readily subliming at a much low-er temperature. The 
aqueous solution has a strong alkaline reaction, and giyos with ferric chloride, first 
a violet and then a brown precipitate, and with hyjpochloritos and nitrites brown 
prycipitatoB. It TOduccs an ammoniacal silver-solution in the cold. On dissolving 
inaraKlobenzene in concentrated sulphuric acid and adding a trace of nitric acid, the 
liquid assumes at tet a dirty green colour, which soon changes into a fine blue and 
msappears on standing or on dilution with water. The same reaction is shown by 
• rmuidobenzoic acid. 

friamidobenzeno combines with two molecules of a monobasic or 1 mol. of a bihasic 
■CKi forming vojy stable salts. Tyiamidahengene hydtocUoride^ C*H*(NH®)».2I[C1, 
p/* shining needles ; it is very soluble in water, but only sparingly incon- 

ntmtea hydrochloric acid. The hydrMide Is also readily soluble and forms long 
piuiato needles. iuivihnim nsTTVTrFnMTTi.Qn4 j. 2H*0, crystallises in 


fucliato needles. Triamidobenzene sulphate, C*H»(NH*)»H»SO^ + 
plates (Salkowsky. Ann. Ch. Pkarm. clxiii. 23 ). 

or C'H*— Nnir— CH‘.— Cbmjwwii 
if w V • ^1*’® compound separate, on cooling from a hot-satn 

benzene, or bettor, from a cold-propaied solution by spontaneous 
ind transparent, thick, oblique rhombic prisms, sometimes an inch long, 

oiffenng but little in colour and appearance from azobenzene crystallised from 


fiith Benzenst 
hot-satnratod solution 
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potrolouxn. Tlicso cpystaJs, when exposed to the air, exhibit an appearance of efflor- 
cscence, becoming opaque and of a pale ycllowish-ped colour, and being converted into 
easily friable aggregates of small shining crystalline laminm, which retain the external 
form of the original crystals. This change is duo to a loss of bonzene. The crystals, 
licated to 35® in n stream of dry air, give oif the whole of their benzene, amounting 
to 30’6 p. c. ; the formula requires 30 p. c. The crystals, heated in a sealed tulje, 
melt at 38® to a dark rod liquid, which often retains its iluidity for a long time after 
cooling to the ordinary temperature. 

Azobenzeno quickly absorbs benzene vapour. Wlieii placed at ordinary tempern. 
tuTos ill the state of powder under a bell-jar, together with an open vessel containing 
benzene, it becomes darker, increases in weight, and is converted into the compound, 
The absorption of the benzene does not, however, stop at this point; 
for in a few day.s the whole of the powder deliquesces to a clear dark red liquid, wliirli 
still goes on increasing in volume. The exact limit of the absorption has not yot 
been determined (G. A. Schmidt, Che^u. Ges. Jler, v. 1106). 

Bromazobenaenes. — Werigo (Ann. C/i.l*/mrm. clxr. 189). The broininatcd com- 
pound produced by Ibe action of bromine on azobenzeno, and formerly regarded as 
addition-product, C‘-Il“'N^Br* (Is^ Suirpl. 270), appears on further examination to be 
a substitution-product, viz. dibromazobcnzcnc, C^-H^Er-N*. This conclusion is 
based on the following facts : — 1. The compound is i*emarkably stable, like azeli ij. 
zeno itself, .niid unlike the addition-producte of the latter, which decompose with 
fiicility ; the two atoms of bromine are indeed so intimately iiniled with the rest of 
the group, that they cannot bo removed cither by the action of silver-salts, or by 
heating with potesli in scaled tubes. 2. Fuming nitric acid converts azobenzeno into 
triuitro-azoxybenzene, C'‘-'IP(N0*)^N*0 (Isi HuppL M72), and the brominated Inxly 
treated with fuming nitric acid, yijdda — besides the nitro-brominaled compounds of 
azobenzeno formerly described — t r i n i t r o-d ibromo-azoxybenztuie, C -IP(^0=)* 
]JrN‘‘‘0, as ultimate product, 3. The brominated compound is converted by ammo- 
nium sulphide into hydrOKlibrom azobenzeno, justns .azobenzeno is 

converted into liydrazobenzcnc, 4, Digested with warm fuming sulphuric 

acid, it yields dibromazobenzene-sulphonic acid, C'-H^Dr^N-yO* . 3H-0, 
analogous to Gricss*s azobenzcnosulphonic acid (1st Suppl, 270). 5. The broniinntwl 

body is produced by treating the alcoholic solution of monobromonitrobonzciic with 
potassium hydrate, just as azobenzeno is obtained from nitrobenzene. 

Dibromazobeuzeuo dissolves ensily iu boiling benzene, and separates on cooling in 
largo yellow needles. It is also dissolved readily by carbon sulphide and by chloro- 
form. It melts at 205®, and sublimes w'ithout decomposition. 

Tctrahromasobcncene, C'2H®Br*N=, i.s obtained ns a byo-proJuct iu the pre- 
paration of dibromazobenzenc, and is likewise produceel when bromine is added drop 
by drop to a hot, strong, alcoholic solutiim of azobenzeno. It forms whitc^ crystals, 
very slightly soluble in alcohol, easily soluble in boiling bcnzeiio of high boiling poiiu, 
from which it crystellisos on cooling in white silky needles ; it is but slightly soluLlc 
in chloroform, ether, and carbon sulphide. It melts at about 320®, and then begins 
to decompose and blacken. Strong nitric acid dissolves it, and the solution mixeu 
with water yields long yellow needles of a substance which explodes w'hen heated. 

Werigo once obtained, in the preparation of dibromazobeuzeuo, another product ex- 
hibiting the composition of tribromazobonzene, C>-IPBr^N-, but it was not pro- 
duced on any subsequent occasion. 

Hydrodibromaffohr.nsenc, C'*H>®Br-SI*, is prepared by passing dry ammonia 
gas and hydrogen sulphide into an alcoholic solution of dibromazolienzone, mix"’ 
with an excess of tliat substance in the solid state ; the excess then gradually dis- 
solves, the solution soon becom<!S colourless, and, on adding water, the hydrodibromam* 
benzono separates in slender white silky iiccdics, easily soluble in alcohol and rtlwt 
and unaffected by exposure to the air. Like hydrazubonzene, it is decomposed in 
alcoholic solution by nitrous acid, yielding dibromazobenzenc, which separates m 
yellow crystals. Tho reaction is: 

C*=Il>®Br'“N* 4 - O =. H*0 + C*=H"Br*N*. 

Hydrodibrom azobenzeno turns red and melts at 130®, and begins to docoinpo^,*!j 
160®. When heated to 150® and then cooled, it solidifies to a mass from 
hydrochloric acid removes monobromaniliiio, leaving dibromazohenzeno, tho 
sitioii being precisely analogous to that of hydrazobenzone into aniline 
zene: — 

2C'SH«'»Br=Ns - 2C®H»BrN -f C»=H"Br*JS». 

It has not yet been cor verted into a compound analogous to benzidine, 
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IIyili'o»lil>ri)jnaziib«nzenc appears to be trimorphoiis. Its concentrated alcoholic 
solution left to itself in ai closed tost-tubc?, deposits, first transparent prisran tic cryst als, 
M’hit'b gradually becouio opaque on exposure to the air, then yellowish himinip, anil 
liistlv, tliick yellow crystals. All three forms have the same melting point (130®), and 
li('ha-vo ill Uin manner when heated. 

Additive Bromine and Chlorine Com 2 younds of Asobrnscnc, 

(a.) 2C'‘-H‘®N‘-.3IIBr and 2C'^I1’®N=.3HC1. The separates in car- 

mi ae-reil crystals when dry hydrogen bromide is passed into a solution of azobenzeno 
in carbon sulphide or chloroform. When exposed to the air it quickly decomposes 
into azobenzeno and hydrogen bromide, and must be washed witli carbon sulphide 
saturated with hydrogen bromide, in which it is but slightly soluble. It dissolves in 
iiure carbon sulphide and in chloroform, being, at the same time, resolved into azo- 
lienzeno and liydrogoii bromide. Alcohol, ether, and water decompose it in a similar 
iniiniicr. WJieii I'antiously heated, it ^f;avc8 a resiilue of azobenzeno. 

The inhydrocldorhlct pre]mTcd like the triliydi*obi*omide, forms yellow crystals still 
inoL’e unstable than the latter. 

(/3) C'-H ‘’N'MIBr.Br^. A body having this composition may bo obtained in the 
tliri'c following ways : — (1). By adding excess of pliospborus pontabromido to a solu- 
tion of a/obonzeno or azoxybeiizeiio in other or incliloroforin, and heating the mixture. 
The reaction proceeds quietly, with evolution of liyiirogen bromide, and the additioii- 
proihiet (^) separates in crystals whicli must bo washed, not with ether but with 
carbon sulphide. Both these solvimts decompose the compound more or less, but the 
products formed by carbon sulpliido are dissolved at the same time and carried away, 
leading 1 he rest of lb<3 eotnpound on the filter in its original state. (2). By adding 
broniiiie to a solution of the hydrobromido, 2C‘"]T*®NX3IIBr, in eliloroforra, ami 
■washiug the crystals which separate with carbon, snlpbidc, containing bromine in 
bolution. (3). By adding bromine and then benzene to a solution of azobenzeno in 
carbon sul pliide, and exposing the mixture to sunshine ; the bromine -compound then 
SI [jj I rail's ill crystals which fill the liquid. The hydrogen bromide required for its 
f rnialii)ii is generated by the action of the bromine on the benzene: henco tho advan- 
iiig(^ of (!xposiiig till! mixture to sunshine. 

'I'Jii! cuinpoiiud C'"II"’N®.lIBr.Br'‘® is a yellow, crystalline, very un^ltablo body, 
dui'oiiiposed by ether, alcohol, carbon sulphide, and chloroform, less, however, by chloro- 
form than Ijy any other of -tlieso solvents. From its hot concentrated solution in 
elilorofonu it may be partly recovered, in crystals, by rapid cooling. The presence of 
free bromine in these liquids diminishes their action upon it, and an excess of phos- 
phurus pentabroniido is essential in preparing it by the first method in order to 
iliniiiiisli the action of tho other. Azobenzeno is always reproduced in its decomiiosi- 
tion by these liquids, and the whole of the bromine may be precipitated from its 
alcoliolic solution by silver nitrate, silver oxide, or barium peroxide. When cautiously 
heated or exposed to tho air, or loft over sulphuric acid under a bell-jar, it decomposes, 
and finally leaves a residue of azobonzcnc ;• but, when prepared by the third method, 
and generally also when prepared by tho first, it likewise yields, on exposure over 
sulphuric acid an intermediate product, consisting of ruby-red, short, prismatic 
crystals, which increase in size for a time, and then break up, yielding azobenzeno 
as one of tlio products of their decomposition ; whereas, when prep'ired by the second 
niothod, and occasionally also, when prepared by the first, it passes into azobenzene 
without tho previous formation of these ruby-red crystals. This difierenco of be- 
haviour might induce tho supposition that the processes in question yield two diifercnt 
bodies, perhaps C'*H'"N‘-.IIBr.Br-, and C*-H*®N*.2HBr.Br; but, on estimating, by 
means of sodium thiosulphate, the quantity of freo bromine resulting from the 
decomposition of tho compound, this amount is found to be the same in both cases, 
uaniely, Br'^ 

( 7 ) The hexlromidct C*^Il^®N^.Br*, separates after some time from a dilute solution 
of azobenzeno in chloroform to which nn excess of bromine has been added, in large, 
dark red. transparent prisms, which decompose very rapidly wlien removed from 3i0 
mother-liquor ; they may bo washed* with a solution of bromine in chloroform, and 
dnod in an atmosphere of bromine. The hoxbrOmide is apt to be mixed witli a little 
uibromazobenzene, unless groat care has been taken to prevent rise of tempemturo 
uunng its preparation (Werigo, Ann, Ch, Pkarm, dxv. 203-216). 

Azobenzene heated in scaled tubes with fuming hydrochloric acid, is converted, as 
^uown by Zinin, into benzidine, In tliis case an addition of takes 

F but tho product undergoes an isomeric transformation. The same result is 
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obtained by boiling azobonzoQO with fuming Iiyclrobromic acid; also, and with gtill 
greater facility, with hydriodic acid. 

c«n*— N. 

Aaoxybenzenei or j ^^0. This compound is not attacked 

C“H^— 

by strong kydrohomic acid at the boiling heat, but when the two substances are 
hentod togetlicr in a sealed tube, reaction begins at 250°, and llio whole solidifies on 
cooling to a crystalline mass of dibromaniline hydrobromido. By hoatin^r 
with hydriodic acid, azoxy benzene is easily converted into beiizi dine hydriodido, 
witlx separation of iodine. Strong hydrochloric acid heated with azoxybenzone in 
sealed tubes, begins to act upon it at a high temperature, but the tubes then explodo 
(Soudziuk, Zcitschr. f. Ohmn, [2J vi. 266). 

Azoxy benzene is violently attacked by pho8}diorus peniahromidc, with evolution of 
hydrogen bromide and formation of resinous products ; but when the action is modor- 
uted by the use of ethereal solutions, yellow crystals are formed, consisting of the 
compound C‘“lT”N■^Br^ or C‘=Il**N®.HBr.Bi’=, already described (p. 149) (Worigo, 
Zdt&chr. /. Chtm, [2] vi. 387). 

Phoitphorus pentachloride. rapidly converts azoxybenzone into azobonzono, but in 
etliereal solution a product is formed, apparently similar to that which is obtained 
with the pentabromido (Werigo, Ann. Ch. Pharm. clxv. 202). 

Sudiuiii~amalgam does not simply reduce azoxybenzeno to azobenzone, but converts 
it into liydrazobenzoTie, and azoxy-compounds generally into tho corrcs|K)nding 
lij’drazo-compounds (Is/ Suppl. 270). 

]J ib r o 7nac 0 x y b C9i s ene, Sodium-amalgam, which converts nitro- 

benzene into azobonzene. according to the equation 2C“Il*NO'‘*— = does 

not act ill a precisely similar manner on monobromonitrobciizeno, so ns to pi^ucc 
dibromazobcnzenc, but takes away only 3 atoms of oxygen instetul of <1, producing 
dibromazoxyboiizeiio: 2C®irBrNO‘-— 0=*-C’'-IT'*Br‘‘N‘0. This substance is 
yellow, ciystallino, easily soluble in hot alcohol and Lot benzene, melts at 175° (Worigo, 
Ann. Ch. Phtirm. clxv. 198). ITofmiUin a. Goyger (Petti. Che7n. Ges, Her. v. 915) by 
treating an othoreul solution of bromonitro-bciizcne (melting at 126°) wit h sodium, ob- 
tniued a black substance which, when decomposed by methyl iodide or hydrochloric acid, 
yielded dibromazoxybenzcnc, crystallising from alcohol in leaflets, and molting at 172°. 

Trinitro-dihromasoxyheusene, C*-ll*Br*(NO“)“N’0, is formed, together 
with nitrated dibromazo benzenes, by tho action of fuming nitric acid on dibromnzev 
benzene. It is crystjilliiio, very slightly soluble in alcohoi, melts at 174°, solidifying 
to a resinous mass on cooling, and decomposes at a higher tomperaturo (ibid.. 191). 

Piclilor az 0 xyhens ene, is formed by heating s«)lul chloronilro- 

beuzenc with alcoholic potusli. A violent rcuetioii takes phiee, iiiid tho mixture on 
cooling solidifies to a mass of long, hair-liko crystals of dichlorazoxybcnzono, melting 
at ld5°-156°, insoluble in water, and slightly soluble in alcoliol, from which it is 
deposited in pale yellow needles having <*i silky lustre. 

Tho liquid modification of chloronitrobenzono, treated with alcoliol ic potash, yielded 
also a small quantity of dichlorazoxybcnzcne ; but this was probably duo to the 
presence of a small quantity of tho solid modification, inasmuch as the greater part of 
tho fluid chloronitrobonzcno remained unacted upon, even in presence of an excess 'if 
potash. 

Djchlorazoxybciizono dropped into warm fuming nitric acid is dissolved, and the 
solution, on addition of water, or on cooling, deposits dichloronitrazoxybonzene, 
C'®H^Cr-(NO®)N*0, as a bright yellow substance, molting at 134°, insoluble ia 
water, and sparingly solublo in alcohol, from which it is deposited iu folt-liko flocks, 
consisting of small needles. Its crystals liavo a beautiful silky lustre, and are difficult 
to powder. It is apparently reduced by ammonium sulphide, but the product has not 
1>oen isolated. 

Diehl orazoxybenzenc added to fuming sulphuric acid, dissolves with slight evolu- 
tion of heat, the solution at the same timo acquiring a metallic reflex, like Uiat of thfl 
aniliuo colours. On cooling, a crysUlline substance is deposited, which, when boiled 
with alcohol- and animal charcoal, yields long, reddish-yellow needles ofdichlorazo- 
benzono, . melting at 183°, iusoli^blo in water, and sparingly soluble in alcohol. 
Other products appear to bo formed at the same time. 

If solid, chlorouitrobcnzene bo heated with alcoholic potash, and, after tho couvemiou 
into di^lorazoxybenzeno, tho mixture bo distilled iu a retort, a stage is reached 
which a violent reaction takes place, resulting in t he formation of chloraniline* which 
passes over in oily drops, and of dichlorozobonzone, which sublimes in yellowi>h-J®° 
crusts, melting at 183®, and identical with that uliovo described. DichlorazolienzflOJ 
treated with ammonium sulphide yields wliito needles, the nature of which bfts not 
yet been determined (K. Heumann, Dent, Cheni. Ges. Btr.Y.OlO). 
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Wlion cIiloronitroLonzoiio (molting at 83®) in dissolved in anhydrous ether, and 
emidl fragments of sodium are added, the metal is grsidually transformed into a black 
friable subsfcanco, -wliich bocoinos warm and turns yellow on exposure to tho air. This 
subslanee dissolves in Avatcr witli rod colour, and wlien heated to 100® with ether and 
iiiiitliyl iodide, yields a yellow erystallino mass, which, on distillation with water, 
gives a distillate containing methyl iodido and cliloi-onitrobonzeno, melting at 83®, 
and tiio residue, when 'crystallised from alcohol, yields dieh lorazoxybonzcno. 
The black substance, treated with concentrated hydrochloric acid, yields a yellow 
crystalline mass similar to that obtained by the action of methyl iodide, and likewise 
yielding dichlorazoxy benzene. _ 

When the black substance is suspended in otlier and treated with benzoyl chloride, 
ail energetic action takes place, tho black colour changes to yellow, and the product, 
distilled with water, gives a distillate containing nitrochlorobenzeno. The residue on 
crystallisation fi*om alcohol yields a substance wliicli lias tho composition C-‘‘II*®C1®N“0*, 
crystallises in long prisms, molts at 125®, is insoluble in water, and moderately soluble 
in alcohol or ether. This subshinco may bo regarded os hydro-dichlorazoxyb en- 
zcrio, C*“II'"CPN*0, in which two hydrogen-atoms aro replaced by benzoyl: — 

C-II*C1N— 0-NClH‘C* 

I I 

capo c^H^o. 


Tho black substance may bo regarded as containing tJie corresponding soclium com- 
pound:— 

C«H'C1N— 0 — NCIH^C- 

I I 

Na. Na. 


Dichlorazoxybenzeno treated with ammonium sulphide yields, not tlie correspond- 
ing hydro-compound C''‘*IP®Cl“N-0, as might have lieen expected, but hydrodi- 
ch Inrazobonzono, C>=H‘“CPN®or C*JI'Ci — IlN— Nil — C“H<C1, acompound formed 
from (lichlorazoxybcnzciH! by substitution of H’-* for 0. This substance crystallises 
from alcohol in fine colourless ciystals, melting at. 122®. Its alcoholic solution boiled 
in tlio air for ii long time, or lieatcd to the boiling point with animal charcoal, turns 
yellow, and deposits cryshils of diclilorazol)i>nzene. 

Sodium has no action cm an etlioroal solution of fluid chloronitrobenzeno (Hofmann 
;i. deyger, IkiU, Chem, Ges. £cr. v. 915). 

Ozyazobenzene, C'*II*®N*0 or C*H* — NZIK — OC®H*. This compound, 
isfiiiicric Avith azoxybenzmie, is formed by the action of potassium phonatc in aqueous 
.solution on nitrate of diazobcnzeiio : — 


C®IP_Nz:N— NO® + C®IPOK KNO» + C«IP-N=:N-^0C®1P 

Diazubenzena Nitrate. Oxyazobonzene. 


TIic reaction takG.s place witliout evolution of gas, and tho oxyazobenzene gradually 
separates in a brown resinous mass, whieli soon solidifies in tho crystallino form. It 
ajp’ijes in all its properties AA'ith the phonol-diazolx>nzeno (azMiphenylamic acid 
<JaPO.C«lPN®, iv. 4.33), Avhich Griess ol>tairiod, together with phonol-didiazobenzono 
(^®1I''0.2C®II*N-, by lieating an aqueous solution of diazobenzeno nitrate with barium 
carbonate (Kokulo a. Hoidogli, Zeitschr, f. Chem. [2] vi. 384). According to Tcher- 
yinsky {pent. Chem. Ges. Ber. vi. |560), it crystallises in brick-rod prisms, molting at 
150 (according to Grioss at 148®), dissolves at boiling heat in dilute alcohol and in 
toluene, slightly in boiling water. Its ammoniacal solution gives with silver nitrate 
a gelatinous precipitate wliich becomes crystallino on standing. Nitric acid converts 
It into picric acid. 


^enzoxyasohensenCt C*®H*(C’^H*0)N®0, is easily soluble in toluene, sparingly in ether, 
(Tschor^ ^ tables, nodules, or tetraliodrons, molts at 136® 

.Y!^®*^.oxyazobonzono is heated to 100® with phosphorus pentachloride, hydrochlorio 
‘ cm 18 given off; and a body is formed which crystaliisos from alcohol in longorango- 
^01 needles having tho composition This body is probably ozy-azozy- 


C®H® 

rLIn Bodium-amalgam into a body which crystaliisos in yellowish 

los: probably tho corresponding hydxazo-compound (Kekul4 a. Heidegh, loe.dt). 
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B3BXZB17S-8VZiPBOmC JLCZBS * — "Ben sene-disulp Iconic or Bis ulpho. 
hensenic acidt C"H*(SO*K)®. The potassium salt of this acid mixod with potas- 
sium cyanido and siiLjoctcd to dry distillation, yields, togotliop with n largo quantity of 
ammonia, a liquid consisting of hcrizciic, benzonitril, and xiaradicyanobonzono. 
C®H^(CN'*) (1:4); u liquid which does not l)oil at 19/)®, solidifies on cooling, and 
M'lion boiled with an alkali yields torophthalic acid: licnco benzeno-disulphonic acid, 
prepared as above is, for the most part, a pira-compound. (Wislicenus a. Brunner 
JJeut. Chem, Ges. Her. iv. 984). 

Amldobenxene-sttlplioiilo add, C®II‘(NIl®).SO®]I. — This mixture of isomeric 
acids, obtained by tlio action of sulphuric acid on })hcnol, gives with aniline (nmiilu- 
benzono), a crystalline product soluble in water and in alcohol. This, when froed 
from excess of sulphuric acid and cnutionsly lioatod, gives off phenol, aniline and 
sulphurous oxide, and leaves an amidobonzono-sul phonic acid isomeric with Ijaiirent's 
sulphnnilic acid, and appai*ontly identical w'itli the siilphanilic acid of Gcrhardt, 
Ilofiimnn, Buckton, and Schmitt (v. 477). Pratesi Chcni. Gcs. Ber. v. 970). 

Amidobenzcno-sulphonic acid in aqueous solution is not acted u})on by cupric chlo’ 
ride alone ; but if, whilst the liquid is boiling, .'immonium chloride and a small quantity 
of amn)onia bo added, it becomes immediately of a dark red colour. On rcmovlnj' 
the copper by sulpliuretted hydrogen, the colouring matter is reduced, and tho 
liquid becomes brown. On allowing it to remain in contact with air, it is again 
oxidised, tho surface becomes one© more rod, and on shaking, or on removing the 
sulphuretted liydrogon by warming, the ori^'nnl colour returns. On evaporation, 
till) colouring matter is obtained. By tho addition of a suilicicut quantity of copper 
cJilorido, amidohcnzcnc-sulphonic acid is completely decomposed. Tho colourin;; 
matter is easily dissolved by water and alcohol, which it colours intensely red ; it is 
eoinplotely insoluble in ether and in benzene. It is destroyed by tin chlorine and 
nitric acid ; concentrated sulphuric acid dissolves it w'ith brown coloration ; on 
diluting tho solution, tho characteristic red colour reappears (II. Bose, Bent, CJmn. 
Gcs. Ber. v. 41). 

Asobenxeiie-sulpboiiio aold, — This acid, discovered by Griess 

(Aim. Ch. Pharw. cxxxi. 89 ; cliv. 208), and further examined by Skandarov 
(Zeitschr.f. Chem. [2] vi. 043), is produced by boating azobonzeno with fuming sul- 
phuric acid to 130®. Tlie liquid, diluted with a moderate quantity of water, deposit!) 
tho' Bulpho-acid, wliich when ro-crystalliscd fx-oiu a larger quantity of water, forms 
shining orange-yellow lamina?. Its salts are mostly crystalli-sablo. The potasshm 
salt C'-H®KN*SO® -h 211*0 ciysfcillises in shining orange-yellow tables; tho silver 
salt G*'''H®AgN*SO* also in tables. Tho hariiini salt Ba(C**H®N’-SO*)* is sparingly 
soluble in water. 

The acid fused at a gentle heat with potassium hydrate yields tho compound 
Ci*lI*“N®0, identical with pheiiol-diazobenzeno or azodiphenylaiiiic acid 
(iv. 433); and by treating this compound with ammonium sulphide, abase is pro- 
duced, probably C‘*II'*N*0. 

By saturating an ammonia cal solution of azobonzeno-sulphonic acid with hydrogen 
sulphide, evaporating and xirocipitatiiig with hydrochloric acid, bonzidino-sul- 
phonic or liydrazobeiizeno-sulphonic acid, C**ir*N=SO*, is obtained. This 
acid dissolves sparingly in hot water and crystallises tlicrefrom in yellow needles or 
laminee. . Its barium salt Bn(C'*iI“N*SO*).* ciystallises in light yellow shining lamioe. 
The acid docs not dissolve in ammonia or other alkalis, but is resolved thereby into 
benzidine and sulphuric acid. 

Asohenscne-sulpkonic Chloride^ C*®H®N*S0*C1, is formed by treating potas- 
sium azobenzeiie-Bulphonato dried at 166® with phosphorus pcntachloride. Tho action 
commences at ordinary tomporaturos, but must bo completed by heating for a 
hours in the water-bath, after which tho product may bo mixed with water, and the 
precipitated solid chloride dried and crystallised from pure ether. It forms loosely* 
coherent orange-yellow nodules, iusolublo in water, and slowly resolved by boiling 
with w'ator into hydrochloric and azobenzcno-sulphonic acid. It dissolves in al^hol, 
and is decomposed thereby, without however yielding an otlier. It is also decomposed 
by ammonia and by boiling potash (Skandarow). 

Azohenzenesulphamide, C>*H.®N*SO*NH=, is prepared by treating tho chloride 
with strong ammonia. Tho reaction begins spontaneously, and is attended with rise 
of temperature. The product is heated in the water-bath to expel the exteosip 
ammonia; the sal-ammoniac formed in tho reaction is dissolved out by cold water jnnd 
tho amide, after drying, is rocr^stallised from boiling alcohol. It is an orange-y«il®f 
powder, insoluble in water, sligbtlpr soluble in boiling alcohol, insoluble In caustic 
alkali; gives off ammonia when boiled with potash (Skandarow). 
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j)ilfromasohensenc-8ulp/ionic flcn?, -i 311*0. Wlionawam 

s«jluLioTi of dibromazobenzeno in fuming sulphuric acid is (lige.ste(l for fiomc time, and 
thou poured into boiling wtop, tho liquid bocomus flllod witli yollow crysUils of tho 
iToniinutod sulpho-acid, jirovided a certain quantity is presoiit; if more or less than 
this particular quantity of water lias been tiikon, the acid remains in solution. It 
thus resembles azobonzene-sulphonic acid in being soluble both in water and in strong 
sulphuric acid, as well as in the mode of its production. It is monobasic, and dissolves 
easily in u^ator, alcohol, and other, tho solutions having an acid roaction. A hot coneon- 
trntod aqueous solution gclatinisos when suddenly cooled, but gradually becomes filled 
with crystals. It occurs in throe forms, appearing under the microscope ns very 
slightly coloured needles, broad yellow plates, and roddish crystals pointed at both ends. 

The potassium salt resembles tho free acid in apponranco, but is loss soluble in water 
and still less in alcohol. I'rom its hot alcoholic solution it soparatos on cooling in 
uraugM-yellow noodles. Tho silver salt is a yellow, amorphous pow'der, very slightly 
K)IubIo m water and in alcohol (Worigo). 

Oxyasohcnzeno-sulphoniv acid, C**ri'’N'‘*O.SO®II, obtained by heating o.xyazo- 
benzoTWJ in tho water-bath with 3 or 4 parts of fuming sulphuric acid, and purified by 
separation from its barium salt, crystilliscs in well-defim'd octohodral combinations, 
and is easily soliiblo in water. The sjjaringly soluble barium salt Jla(C'-H''N“O.SO‘'y- 
+ 2ir'0 crystallises in gold-yellow laminec. Tho easily soluble copper salt and tho 
magnesium salt contain 6IT‘0 ; tho potassium salt is anhydrous {Tschirvinsky, Dcut. 
Ckmi. Ges. Ber. vi. 5fi0). 

Bromobensene-fiulplionle aoldf C“II^Br.SO*II.— According to A. Poss-G.-irriok, 
tlin acid formed by the action of bromino on bonzonc-sul phonic acid is isomisric, not 
idciitic.'il, with that which Cou|xir obtiiined by dissolving bromobonzeno in sulphuric 
Mcid, diffl?ring from tho latter, partly by tho forms of its salts, but moro ospoei.'illj’' in 
:i[)p!iroiitly 3 ’ioldirigliyclrDquinono when fused with jiotnsh. whereas Coupcr’.s ;icid yields 
n soreiii. According to Goiiz, on tho other hand, tho isobromobcnzono-sulphonic acid 
prepared by tho action of bromino on bcnzono-.sulphonic acid yields resorcin as well as 
Iiydroquinouo by fusion with potasli (Is/ Swppl, 274). 

To throw fiirilior light on this question, the bohaviour of isobroinobonzcno-sulphonic 
arid witJi potassium hj'drnte has boon ro-examinod by A. Wolz {Zeiischr.f, Cbem, [2] 
vii. 441) ; Ann, Ch, Vluirm, clxviii. 88), who obtained an oily product, e.xactly ns 
(Icscribcul by Garrick, only partially wdiiblo in water; tho aqueous solution left on 
s|irtiitaiuions evaporation a dark-coloured cry'staUiuo residue, from which, by sublima- 
tion, ]|uro resorcin w.*is ol)lainod. Pure hj^'diwiuinoue w'as ascertained to give no trace 
f»f ils isoiiiorides when similarly sublimed, nor w'as it altered by fusion with pobissium 
liydrato, so that the i*csorciii cannot liaro been a product of tho conversion of hydro- 
qiiinono, 

I'urther, potassium isobromobonzeno-siilphonato wms distilled with potassium 
cyanide, whereby a licjuid and a solid product w'cre obtained: Iho former gave benzoic, 
llio latter Uireplithalifi acid on treatment with alkali. The results obtained with 
]>fiia.ssiuiii hydrate and with potassium cyanide arc, therefore, in complete accordance, 
and nocessitato a ro-oxami nation of tho two 8cric.s of salts. 

Bromobcnecne-sulphochloride^ C'H^BrSO^Cl, is produced by dissolving bromn- 
kiizcno with gentle heat in fuming sulphtuic acid, neutralising tho solution with 
lime,s(jparatiDg tlio calcium salt of the broraobonzeno-sulphouio acid from tho gypsum 
iy extrfiction witli boiling water, converting it into the corresponding sodium suit-, and 
liejilmg tho latter in the dry state with the calcuhitcd quantity of phosphorus penta- 
V oapacions flask till tho ontiro miiss becomes liquid. After cooling, tbo 
Kulphochlorido is washed with water and dissolved in ether free from alcohol, iVom 
nliuii it crystallises with great facility, forming largo shining prismatic crysbils 

b<ionging to the triclinic system, and exhibiting tho combination P go . ^ . OP. It 

nudts at 70-76® (Hiibncr o. Alsberg, ZeitseJir,/, Chsm, [2] \i. 389). 
tin C*H''BrSH, is formed by heating the sulphochloride with 

uiti”*. concentrated hydrochloric acid, tho liquid then turning bluo. It volatilises 
ill water, dissolves easily in hot, slowly in cold alcohol, and crystallises 

Ion' rosembling iiaphthaleno, and melting at 76®. The alcoholic solution 

MS with lead acetate a bright yellow precipitate ; with mercuric chloride a lieavy 
insoluble in water and in alcohol ; with cupric acetate and 
r nitrate it forms dirty yellow precipitetes (Hubnor a. Alsberg). 

dibr* C“H*Br®.iSO*H, is obtained by dissolving 

t^niobonzeno inNordhausen sulphuric add, dilating with water, ncutr.ilisiiig with 
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limOf decbmpoBing tho rosulting calcium salt with fiiilpliuric acid, and dissolving out 
rhe sulpho-acid w ith alcoliol ; or, bettor, by neutralising with load oarbonato and decom. 
posing tho lead H<'ilt with hydrogen sulphide. 

The Bulpho-ncid crystallises in silky noodles, which gradually change into compact 
plates. It contains 2 mol. water of crystallisation, and melts at about 117° be. 
coming brown at tho sarno time. 

Its calcium salt (C*H*Br®SO*)®Ca + 4H*0 forms long colourless needles, very solublo 
in water : tho silver salt C*H*Bp-SO*Ag + 3H*0 transpiiront noodlos, also very 
solublo. Tho lead salt (C®IT*Br*SO*)*Pb + 3IFO crystallises from a saturated solutioii 
in fine, long, six-sidod prisms, which chango after somo time into largo, compact, 
rhombic tables. Tlio barium salt (C®lFBr=SO*)'-Ba + 211-0, the sodium aah 
C“II®Br®SO®Na + and tho potassium salt OTPBr'SO^K + H*0, apo 

very solublo in water; the first crystallises in four-sided tables, the other two iij 
noodles (R. Douglas Williams, Ztdischr. f. Chcni. [2] vii. 302. Hiibnor a, Williams, 
Ann. C% rkarm. olxvii. 117). 

This acid has also been proijarocl in tho same manner as above by A. Wolz (liirf. 
3o3; further, Ann. CK Pkttrm. clxviii. 81), whose results agree for tho most part 
with those of W'illiunis. Ho finds, however, that the crystallised acid contains 
3 mol. Avator of cryst.alli.satioii, only 2 of w'hich are given off at 100°, tho romaindcr 
iit about 120°, at which tomj^icrature tho acid undergoes further decomposition. 
Ac<'ording to Wdlz, also, the calcium salt contains 9 mol. waU^r instead of 4, ns foiinii 
by W’illiams ; the barium salt dried over sulphuric acid is anhydrous ; tho c&pptr salt 
(t3®lFBr-SO“)“Cii forms long shining laminiio, appirently containing 1411-0; tho 
am??iomu7n salt C®H*Br*SO®(NTI‘) crystallises, from a c.onconti*atod solution, in shining 
needles, and by slow ovaporatioii in compact jdates. Wdlz believes that his dibronio- 
benzono-sulphoiiic acid is identical with tiiat of WTillianis, and isomeric with that which 
Sclirnitt obtained somo years ago by decomposing dibromodiazoboiizeno-sulphoiiic acid 
witli boiling alcohol (Ajin. Ch. Vharm. cxx. 168). 

JJihronwmtroben^cnc-snlpkoiiio acidy C*4PBr-(NO*).SO®H, is obtained as a viscous 
mass on boiling dibroniosulphobcnzouo with fuming nitric acid, Tho potassium saU 
C®11-Bp'‘*N()‘‘^SO“K + 2.1II-0 form,s snuill noodles, solublo in alcohol and w'ator; tho 
barium salt (C®H‘‘*Br-NO“SO*)-Ba + 2JIFO groups of snuill noodles. Tho copper 
salt (C®Il-Br=NO-SO*)*Cu 11-0 is very solublo in water, alcohol, and ether ; on 
evaporating tho latter solution, it remains as a syrup, in which crystullino nodules 
gpidjially appear. Tho Uad salt (C“II-Br“NO-yO“)-Pb + H“0 forms very small, 
reddish noedlos, sparingly solublo in wator. Tho strontium salt is very soluble, and 
crysUillisos in microscopic noodles (Hubuor a. Williams, Ann. Ch. Vharm. clxvii. 121). 

BBWZRTZIKOXLAillCXC ACZXI8. (Lessen, Ann. Ch. Vharm. clxii. 347.) — Tlio 
.successive replacement of tho 3 atoms of hydrogen in hydroxylaniiuo HIFO by bonzoyl, 
givc.^ rise to two acids, muindy, benzhydroxamic, Nn“(C’H*0)0,.and dibenzhydroxiiinic, 
NH(C'lP0‘-)0, while tho replacement of tho third atom in like manner produces a 
neutral body N(CHP0)®0, chilled tribonzyhydroxylamino. 

Vreparation of Bensydroxamic and Vibenzydroxamic Acid. — Bonzoyl chlorida 
pourod into an aquooiis solution of hydroxylamino or its hydrochloride suporsatumted 
with soda, is almost entirely converted into benz- and dibonz-hydroxamic acid. Tho 
two acids being produced siniulUnoously, 

Nn*O.HCl C^n»OCl -i- Na®CO» = NH*(C’1P0)0 + 2NaCl + CO® + H*0 

Benzbydroxomato. 

2NH*0,HC1 + 4C’H®0C1 + 3CO®Na= = 2NH(C"H®0)»0 + 6NaCl + SCO* 3H»0 

DibenzbydroxamBte. 

1 part of hydroxylamino salt is dissolved in 8 to 10 parts of wator with sufficient 
soda to take up all tho chlorine set froo by the reaction, and 3 parts benzoyl chloride 
are added gradually with constant notation, keeping tho mixture cold. The sparingly 
soluble dibenzhydroxamic acid which separates should bo rocrystallised from alcohol, 
and the bonzhydroxamic acid, which remains for Uio most part in solution, may he 
obtained by precipitating with baryta-water, decomposing with sulpliuric oew, 
purifying the product by crystallisation from a small quantity of warm alcohol, and 
washing the crystals with ether. Tho hydroxylamino solution for this proparat*? 
may be obttiinod by digesting tin for a week in the cold with nitric acid, hydwo*^® 
acid and water, and precipitating the tin with soda (Is^ Su]^, 723). 

Benxtaydrozaxnie Aold« NII=(C^H®0)0. — The puroocid crystallises in oolomr^^ 
rhombic plates, exhibiting tho forms ooP, odI^od, f oo, Pod, and cleaving 
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parallel to oof oo. Eatio of axes a :b I e 0*325563 : 1 : 0*321707. Tho crystals 
lire gtronffly doublo-refractivei and have the plane of tho optic axes parallel to bo 
(Klein, Ann. Ch. Pharm, clxvi. 180). Tho acid dissolves in 4i-i) parts of water at 6°, 
much more easily in warm water, very easily in alcoliol, sparingly in other and in 
carbon sulphide, and not at all in benzene. Tho impnro acid forms warty masses. 
It has an acid reaction, and molts at 124*5°. Tho acid and its salts are decomposed 
moro or loss violently at a high tomporaturo. Heated with dilute hydrochloric or 
sulphuric acid, it splits up into bonzoic ficid and a salt of hydroxy lamino. 

licnzliydroxamic acid is monobasic, but lias a tondfency to form acid salts. Tho 
arid potassium saft NH(C’JP0)0K.NH*(C’H^0)0, and the acid sodium salt NH(C'II^O) 
OX!1.NJP(C^H*0)0 + 3H“0, form rhombic prisms or platos, moderately soluble in 
warm water, littlo solublo in alcohol. Tho sodium salt effloresces in dry air. An 
nicoliolic solution of the free acid troat^od with potash gives a precipitate of tho acid 
finit, redissolved by furllier addition, but reappearing in crystals as tho solution 
evaporates in air. 

Tlio neutral hariwm salt is obtained in microscopic needles when tho acid potassium 
salt, noutralisod with ammonia, is treated with barium chloride. If tho ammonia bo 
omitted, a variable mixture of neutral and acid barium salt is prccipibitcd. The 
: hitter crystallises in small prisms, together with tho free acid, when tho neutral salt is 
decomposed with an insufficiont quantity of sulphuric acid, and tho filtrate allowod to 
1 vaporate. It is nearly insoluble in water and alcohol. Tho calcium and zinc salts are 
neutral : tho former is an amorphous, the latter a ciystallino precipitate. 

Solutions of tho acid sodium salt give white proeipitatos with manganous chloride, 
e.idriijiim sulphate, alum and lead nitrate, nearly white with cupric sulphate, greoii 
witli chrome alum, whitish gi*eon with nickel sulphate, peach-coloured with cobalt 
nitrate, yellow with mercuric chloride, all soluble in excess; white with silver nitrate, 
'rjipidly blackening, and insoluble in excess. Ferric chlorido gives a dark red precipi- 
tate, soluble with intense red colour in excess, or in dilute sulphuric or liydrochloric 
acid. "I'ho latter when concoiitratod destroys tho colour, but it appears again on 
dilution. 

Dlbenzhydroxamlo Acid, NH(CW0)"0, ciy^stallises by cooling in needles or 
prisms, by spontaneous evaporation of tho alcoholic solution in shining rhombic crystals, 
which, iiccording to Klein, exhibit tho faces OP, oof oo, ooP, 2f oo, f oo, 2Poo, and 
cleave perfectly parallol to ooP ; they cxei*t strong doublo refraction, and have the plane 
of tho optic axes parallel to be. Tlio acid dissolves with difficulty in water, cold alcohol, 
otljcr, or carbon siilpliide, more easily in hot alcohol, not at all in benzene. It has an 
add reaction, melts at 145°, decomposes violently at a higher temperature, with forma- 
tion, ainong other products, of benzauilido. With acids it splite up like benzhydrox- 
ainic acid ; with alkalis it gives a benzoate aucl a bonzhydroxamato. Tho latter, by 
shaking with benzoyl chlorido and water, maybe reconverted intodibenzhydroxamic .acid. 

Tlio acid is monobasic and forms iioutral salts. The potassium salt N(C'H^O)-OK 
crystallises from alcohol in poorly, very thin plates, or microscopic six-sided tables, 
decomposing with violence by heat, and leaving a benzoate and a sparingly solublo 
indifferent body. Tho aqueous solution decomposes on standing, without, howovor, 
producing benzhydivxamic acid. Tho sodium salt is rather more soluble in alcohol 
th;m the iiotassiuin salt, and forms sharp-pointed prisms. 

A fresh solution of potassium dibciizhydroxamato gives white precipitates with 
manganous chlorido, with lead, silver, and cobalt nitrates, and with zinc and cadmium 
saljihatcs ; hluc-grcon with chroma alum; apple-greon with nickel sulphate; and with 
1 jomc chloride a rcddish-yoUow precipitate but no coloration. It is distinguished from 
! “^’'‘lydroxuniato and oxalhydroxamate by giving no precipitate with salts of the 
uJkaline earths. 

; Mbeazbydrozylanilne, N(C’H»0)*0, is among the products of the action of a 
solution ot benzoyl chlorido in a hydrocarbon boiling at 110°, on dry hydroxylamine 
Jiyurocliloride. It is also formed by heating potassium dibonzhydroxamate to 100° 
wim benzoyl chlorido in excess, afterwards removing the benzoyl chloride witli etlier 
ana tlio potassium chlorido with water, and reciystallising tlie rosidneVrom alcohol. It 
ynsoluhlo m water, ether, and benzene, nearly insoluble in cold, but easily soluble 
which it crystellises in groups of small shining prisms, ^eso 
ysiiiis (fig 6), are monocHnic, having the axes a ; 5 : c » 1*115835 : 1 : 0*334900, 
a tho angle of tho inclined axes be = 83° 21' 20''. Angle — P : —Pax 149® 24'; 
“P : ooP « 96° 36'; - P ; ooP « 118° 14'. Observed forms 

OoP, P, (P 00), OdP 00, ( OoP 00 V. 

T e n Ir 1C 

two optic ®*C8 coincides with the dinodiagonal principal section, and the 

principal directions of vibration are so situated in this plane that one runs nearly 
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jmrallc] t.o P oo, the other nearly at rij^ht angles to it (Klein, loc. cit,). Trihonxhy. 
(.h'oxyliimiiic in«*lt.s at 140°, and clecuniposcs jit 100°. Its alcoholic solution l.reatw] 

with potash splits up into benzoate atui 
Fio. 5. dibonzhydroxamate. 



Tribenzhydroxylamino admits prob?iT,lj 
of only one rational formula ; but benzllJ^ 
droxamic and dibeuzhydroxamic acid admit 
each of two: the first mav bo either In" 11 
(C’H»0) (HO) or NlP(OCnPO), tho second 
N(CHPO)*(HO) OP Nn(CUPO)(OCaPO). 

sBsrzirr9]i.Y&-BBirzozc acid, 

See Bi£NzoYi.-i]£NKOic Acid. 


BBBZZBZSTB, = C*=H«(NH7. 

— The cyanide of this baso, C**lP-N*.2Cli, 
is formud when botizidino, prepared from 
azobenzone, doculoriscd by boiling with 
animal charcoul, and purified by several im- 
cry.st.allisations from alcohol, is dissolved in 
alcohol, and cyanogen gas is passed into tlio 
solution till tho liquid smells strongly of 
it. The liquid, if then loft to itself for two 
day's, deposits bonzidiiio cyanide as a nd 
mass, tho quantity of which gradually increases. This compound appears amorphous 
under tho microscope ; it is insoluble in water, slightly soluble in alcohol, other, and 
benzene, somewhat more freely in light petroleum oil, but even in this liquid it is not 
sufficiently soluble to admit of purification by solution and separation. It is resolved 
by acids into benzidine and oxalic acid (Wittonstein, Dmt, Chem. Ges, Bir. iii. 723). 

Sritrobenzl dines. — llcnzidino treated with nitric acid yields only oxidation-pro- 
ducts, no nitro-compoiinds. To <jbtaiii tho latter, benzidine must first ho coin'orlod 
into acetobonzidinc, which is easily olTectod by boiling benzidine with glacial ncotic 
acid for two hours. 



ylcetofjcuciduiCf C*''‘II*(NIT.C-H*0)®, is iitsolublo in water, and crystallises from hot 
alcohol in white needles. It is a very stable compound, nob so easily decomposed by 
stronger acids as acotanilido. 

Cold nitric acid converts it into dinitraceiohenffidinet C*®II‘*(NO*)®(NH.C*IPO)% n 
yellow crystalline powder which, when, boiled with caiistic x^otash, yields dinitro- 
ijcnzidinc^ C'*H®(NO-)(NIl“)-, a light red crystalline powder, iiisolublo in water, hut 
soluble in hot alcohol, from which solntioji it separates after some time in hirgi-r 
crystals having a bootle-groen lustre. The hydrochlorids forms shining dark yellow 
plates, and is a very unstable body, being readily decomposed by water as well as 
by heat. 

Hinitrobenzidine docs nob appear to be convertible into amidobenzidino by tho 
action of reducing agents. Hy acting on the dinitro-eompound with tin and hydro- 
chloric acid, the nitrogen of tho nitro-gronp is separabod in the form of ammonini 
and benzidine is formed, whilst by heating it with ammonium sulphide only indefinite 
brown substances are obtained. 


On digesting benzidine witli carbon sulphide, tho compound 

obtivinod, a body quite insoluble in all common solvents. Besides this substance, 
another, having the same composition, but solnblo in alcoliol, is formed in smaller 
quantity, to which perhaps the above formula should bo given, whilst tho insoluble 
body might bo a x>olymcrido (SU’akosch, Dent. CJunn. Gcs. JJer. v. 236). 

Bensidinc-disulyhonic acid or IJydrazohemene-sulphonic (tciilt 
C'®H*“N*SO*, is formed by the action of ammonium sulphide on azobenzone -sulphomc 


acid (sea juigo 152). 

Base liomoloffous wltb Benzidine, (Petrioff, ZeUsekr. /. Chem,l^ 

, 265). This baso is obtained ns a hydrochloride or sulphate when stwng 


chloric or sulphuric acid is added by drofis to an alcoholic solution of liydrnzotolu^ 
pi'oparod from azotoluono by tlio action of sodium -amalgam ; hydrazotoluene 
with ammonium sulphide does not yield it, Tho aqueous solution of 
chloride treated with ammonia deposits the baso in colourless triinsparent lanu 
having a silvery lustre. These crystals are easily soluble in boiling water, BOluv 
also in alcohol and in other, melt at 128®-129°, and decompose at a higher 


rature. 

Tho hydrochloride, C»^H'»N“.2HC1, crystollisos 


in colourless laminse, which 
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easily in water, but eoparato from tlio solution on addition of strong hydrochloric acrid, 
lb is insolublo in alcohol and ether. The aqueous solution forms a yellow crysttillino 
iirccipitato with platinic chloride. There are two std-phateSf which resemble one 
another in external characters, but differ in solubility, the one being soluble, the other 
insoluble in hot water and in alcohol. The insolublo salt, which has tlio composition 
C"H’“N'.2HC1, is a white pulverulent mass, piirtially decomposed by water, the 
liquid gradually turning reddish. 

BBVZXXiII, — This (impound distilled with soda-Iimo yields, together 

with benzene, considerable quantities of benzophenone or diphenyl ketone, =■ 

CO -f CO(C*H*)-. Heated wth potassium sulphydrate, to 120°, it is converted into 
benzoin and toluylene oxide or deoxybenzp’in : 

+ 2KHS = K'Sr + 

Benzclc. Benzoin. 

+ 2IvHS * K=S* + H*0 + C«H>*0 

Benzoin. Dcoxybenzolu. 

(Jena, Am. Ch. Pharm. civ. 77). 

BensUe Utracldf/ride^ C*^ir®0®Cl^, treated with zinc in alcoholic solution yields two 
isomerrie compounds, C”II"*C1®, the first of which forms w'hitc rhombic plates, molting 
at 153®, nnd dissolvingin lOparts of boiling alcohol, wlicroas the secoml crystallises in 
long needles or six-sidod prisms, which molt, at C3° and dissolve in any quantity f)f 
boiling aleoliol ; 10 parts of the tetrachloride yield 2-2 to 2-'A parts of the first and 6 to 
;j'2 p-irts of llio second compound. Both these compounds dissolve without decomposi- 
tion in ctlier and acetic acid. They are not attacked by zinc, or by alcoholic potasli 
;it 130®; sodiiim-fiuialgam, on tho other hand, converts them into toluene (Zinin, 
Zcitschr.f. Chem. [2] vii. 28-1). 

BmHrobcncUe, C‘*IP(N0-)-0®. — Benzilo treated with boiling fuming nitric acid, 
yields two isomeric diniirohemdrs, one crystallising in octohedrons whiidi molt at 
131'^ nnd dissolve in 41 parts of boiling and 137 parts of cold alcohol; the second 
rrysfnllising in plates, which molt nb 147° and dissolve in 52-0 parts of boiling and 
231) parts of cohl alcohol (Sagumenny, J>mU Chem, Ges, Bcr. v. 1100). 

Bxsrziuc AGZD, (Jena, Ann. Ch. Pkann. civ. 77).— This acid is 

formed by heating benzilo with water, or bettor with alcoholic potash : 

CHJII002 + ipao = C>‘H»0». 

Bonzile dissolves in alcoholic potash with deep violet colour, and its conversion into 
bonzilic acid takes place sometimes at ordinary temperatures, the liquid becoming 
boated to the boiling point of the alcohol, sometimes only after heating over a gas 
flame. After tlio .reaction is ended, the liquid must be lioated till it becomes 1 ight 
yellow, then mixed with wnl.er and precipitated with hydrochloric acid. If the 
bonzilic acid is only slightly conlaminated with benzoic acid, it may bo com- 
plolely purified by one or two cryslallisations from hot water. If a larger quantity of 
benzoic acid is present, it is best to digest tho precipitate ivitli a (quantity of sodium 
nirboimto not sufficient to dissolve it completely; tho bonzilic acid is then chiefly dis- 
solved, and may bo precipitated from the filtrate by hydrochloric acid and rccrystalliscd 
from liot water. 

Bcnzilic acid was originally obtained by oxidation of benzoin, C“H'=0*(i. 615), and 
is commonly said to be formed from that substance also by the action of alcoholic 
polash ; according to Jena, however, this takes place only when tho benzoin is con- 
tiimimited with benzilo ; .and according to Linipricht a. Siwanert (J?euf. CAem. Ges. 
Ber. iv. 336), tho products obtained by heating benzoin with alcoholic potash aro 
diiTcront, according as the reaction takc.s place in an open flask or in sealed tubes. In 
tlic former case tho benzoin is partly converted by the oxidising action of the air, into 
bonzilo— the formation of which is rendered dvident by tlio deep violet colour 
which the liquid assumes from tho beginning of tlio action, — and tlie benzilo is thou 
converted into bonzilic acid as above. When, on the other hand, tho roaction takes 
place in sealed tubes, no bonzilic ncid is obtained, or only a. trace — ^and the liquid 
exhibits tlio violet coloration above mentioned only at the commencement of the 
reaction, n small quantity of bciizile boing then formed by tho oxidising action of the 
air in the tube. 

Bonzilic ncid crystallises in small monoclinic needles, which have a wliito colour and 
satiny lustre, but assume a fine reddish colour at 110°, melt at 150®,* the liquid 

I * con.7nonly fitnteil that benzillc ncid xnelta at 120® ; this, boa-eTor, f« tlio nioltlng iioint o£ 
imnzoic acid, which often fonried iu ooiuldcrable quantity alinultiuicoudy with Ixaizilio Mid, by 
^5° of alcoholic potash on bonzlls, and when contaminated with traces of 
exfciblts the red coloration oharflcterisblcof the latter when heated or acted upon by eulphurlc acid. 
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becoming deep red at a liigher temporaturo ; the same colour is produced b} 
treatment witli strong sulphuric acid, but disappoars on addition of water. It has j| 
bitter taste ; dissolves easily in alcohol, ether and hot water, very sparingly in cold 
water. 

Barium Bmsilate^ Ba(C"II"0“)® + 6II®0, obtained by dissolving the acid in baryta- 
water, decolorising with animal charcojil and evaporating, forms white crusts. Tlio 
silvc^r salt obtained by precipibition is white, but becomes dark coloured, gradually iit 
ordinary temperatures, more quickly when heated. Ethyl hcrazVate is precipitated on 
adding water to the alcoholic solution of bonzilic acid mixed with hydrochloric acid 
ns a yellow oil, whicli has an odour of iHjppermint, does not crystallise, and is decom- 
posed by distillation. 

Bonzilic acid heated for several hours to 180° is converted into a deep rod liquid, 
which solidifies on cooling to an amorphous nniss easily soluble in alcohol. ()n 
oYJiixjrating the alcoholic solution thus obtained, several compounds crystallise out 
among which aro dibonzilic acid ==. 2C“H**0* — H“0, and benzo- 

phenono C'“1I’"0. i\ similar decomposition appears to take place when bonzilic; 
acid is heated to 150^ with hydrochloric acid. By dry distillation henzilic acid 
yields a red-brown ompyreuraatic oil, which may be distilled with aqueous vapour, 
but carbonises wJieii heated alono to 270-280°. Bonzilic acid is not altered hy 
heating to 150° for throe liours w'ith alcoholic potash. 

By oxidisbig substances^ chromic acid for example, bonzilic acid is converted into 
carbon dioxide, water, aud bonzophenoue: 

CUH*W + O * CO* + H*0 + 

Benzophcnoiic is likewise formed by the dry distillation of silver benzilate, cr 
by prolonged boiling of that salt with water. 

Barium benzilate distilled with of its weight of soda-lime is resolved into carlon 
dioxido and benzhydrol : CO* + C*“lI*‘-0. 

Seoxybenxylio Acid, C’ »II**0*.— Benzilic acid is not acted upon by sodium- 
amalgam or by zinc and hydrochloric acid; but when heated to 150° with con- 
centrated hydrwdic acid, it is reduced to deoxybcuzylic acid. On digesting the pn*- 
duct with water, dissolving the residue in aqueous sodium carbonate, and acidulating 
with hydrochloric acid, the dcoxybenzylic acid is precipitated, and may bo purified 
by crystallisjition from hob w'ater or from alcohol, separating from tlio former in 
noodles resembling those of bonzilic acid, from the latter in largo laminm. It is 
sparingly soluble in cold water, but dissolves ciisily in hot water, also in alcohol and 
ether ; molts at 14G°, and when more strongly heated yiolds a small sublimate, but 
doos not turn red, liko benzilic acid. Heated with strong sulphuric acid, it assumes 
a groenish-ycllow colour. By oxidation w^h chromic acid it yields the same pro- 
ducts as benzilic acid. Its silver salt AgC’*H”0* -f 2H-0 obtained by precipitation 
from a neutralised solution, forms small needles blackening on exposure to lighl. 
T!hQbarium^alt l5a(C‘*H“0*)- -t- 2H“0 is easily soluble in water, and crystallisos in 
tufts of satiny needles, molting above 300° This salt distilled with a small qiiiintity 

( piTTB 

of soda-lime yields diphonyl-mothano, or CH*J : 

Ba(C"H”0*)= 2NaHO « BaCO* + Na*00* + 

The diphenyl-methane passes over us an oil, crystallises at low temperatures, and 
when purified by solution in alcohol, decolorsition with animal charcoal, evaporation, 
and recrystallisation in a freezing mixture, forms monoclinic prisms, having a very 
fragrant odour, liko that of oranges, melting at 2G*4°, soluble in ether and in alcohol. 
The ethereal solution gives a predpitato after a while with bromine (Jena:). 

Benzilic acid isregaraed hy Htadeler and by Limprichta. Scliwaiiert, as diy^ltenylglp’ 
collie acid C(OIT)(C‘*H*)*.CO*H, and dooxybenzilic acid as di^hcnyl-acctic acid 
CH(C®H*)*.CO*H (see Benzoin). 

SSt&yl-benzlllo oold, « C**H"(C®H®)0". — A body having this compo- 

sition is formed, together with several other products, when .benzoin is hoatod with 
sodium-alcohol to 160° in sealed tubes (4 grams of benzoin with 1 gram of sodium 
dissolvod ill 20 c. c. spirit of 92 p. c., for two or three hours). On evaporating off the 
alcohol, mixing the slightly yellowish residue with water, filtering after 12 hours, 
treating the filtrate with hydrochloric acid, ethyl-bonzilic add is picdmtated, tegethef 
with a little benzoic add and a vorv small quantity of benzilic add. These two acris 
may bo removed by cold solution oi sodium carbonate, which leaves the othyl-beh»lm 
acid uiidis-solvod ; and, on w-ashing witli water, dissolving the residue in alcohol 
ether, and evaporating, ethyl-bcnzilic acid remains as a light-yellow unciystelhSftW® 
mass, having the consistence of turpentine. 
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tlthyl-benzilic acid distils ajjparently analtered, leaving only a small residue. 
Heated with strong sulphuric add, it turns iirst red-brown, then dark brown, but not 
red like benzilic acid. It is insoluble in water, but dissolves easily in alcohol and 
otlier, the alcoholic solution luLving an acid reaction. It does not dissolve in cold 
eioluti’un of sodium carbonate or in ammonia, and is nearly insoluble in aqueous potash, 
but dissolves very easily on addition of a little alcohol. .Boiled with baiyta-wator, it 
parlly dissolves, and is reprocipitatoci by hydrochloric acid, while another portion is 
converted into a viscid adliesivo rosin probably a barium-compound. The alcoholic 
iiulution of othyl-benzilic acid gives a precipitate with neutral lead acetate and a little 
Iimmonia, nono witli silver nitrate, oven on careful addition of ammonia. The 
jilcoholic solution, mixed with a small quantity of soda-ley, forms with silver nitrato 
ii white precipitate, wliich, after drying, turns brown oven at a gentle heat. Ethyl- 
bcnzilic acid is not altered by heating to 160° for three hours with alcoholic potash, 
or by digestion in alcoholic solution with sodium-amalgam. Heated to 170° with 
liydrlodic acid, it yields a brown mass insoluble in alcohol and in sodium carbonate. 
Jiroiuino acts but feebly on it even with the aid of heat, forming resinous products. 

It will be seen from the preceding description, that tho acid properties of tliis 
compound arc by no means well defined; indeed, it is doubtful whctlier tlio nanjo 
(^lliyj -benzilic Jicid can bo appropriately applied to it. (Jena a. Limpricht, Atm. Ch. 
Vharm. civ. 100). 

Respecting tho constitution of benzilic acid and its derivatives, see Benzoin. 

BBXrZlMZBS. Laui-cnt’s benzimidc, C“n**N-0', produced by the action of 
hydrocyanic acid on bitter almond-oil, i.s resolved by heating with water to 160-180° 
into benzoic Jildchydo and the imide of formo-benzilic (mandolic) acid (Zinin, Bcut, 
Chem, Ges. Ber. m, 662): 

C«H»".Na02 -b mo C’H-O + 

BBHZOZO ACZSf C^II^O-.— This acid is formed by fusing a dry mixture of 
sodium furmuto and potassium plionylsulpliite : 

H.COONa + C^mSO^K - HKSO* + O’lP.COOXa. 

7>y dissolving the fused mass in water, distilling after acidulation, nculrulisiiig tho 
dislilliLte with sodium carbonate, boiling it with animal charcoal to remove sulphur- 
compounds, then concentrating by evaporation, and acidulating with liydrocldoric acid, 
benzoic acid is separated, and may bo obtained perfectly pure by recrystallisation fi*om 
water and sublimation (V. Meyer, J)cut. Che^n. Ges. Bcr. iii. 112). 

Lowe {J. pr. Chm. cviii. 267) finds that when gum benzoin is dissolved in alcohol 
of 96 p. c. and the filtered solution is mixed with alcoholic soda, it deposit.*? after 48 
hours a red-brown substance, tho aqueous solution of which gives with hydrochloric 
sicid mi amorphous precipitate, whicli, when lieatod, yields an abundant sublimate of 
benzoic acid. ITcnco Lowe infers that tho greater part of tho benzoic acid does not 
exist in the resin ready formed — since, in that case, it avould have gone down in the 
Kudii-procipitate and would have been precipitated in the crystalline form on addition 
of hydrochloric acid to tho aqueous solution of that precipitate — but is produced by the 
action of licat on a substance previously existing in the resin. Tho acid filtrato did 
imined yield on evaporation a small quantity of benzoic acid, which probably existed 
in the resin iu the free state. Tho formation of benzoic acid from the rosin by heat 
docs not depend on tho action of tho air, for Lowe found that tho same quantity of 
tlus acid product is obtained by heating the gum benzoin with an equal weight of sul- 
phuric acid (free from nitric acid), to 170®. The mixture, contained in a leaden dish, 
IS placed in n shallow vessel of iron or copper covered with tho usual paper cover, 
and having fixed to its side a vertical glass tube within which a thermometer is placed, 
fao heat must bo applied slowly, as otherwise the mass is opt to frotli over. 

According to Huichard {Bull, Soc. Chi/n. [2] xix. 359), benzoic ^.id may be advnn- 
tiigoously extracted from gum benzoin by moans of carbon sulphide. Having loft a 
‘lUiiutjty of benzoin macerating for some timo with earbon 8ul|diide, he found it covered 
■With colourless crystals of benzoic acid, and tho liquid on evaporation yielded a fbrtlior. 
crop of nearly pure crystals. 

folloiring determinations of tho molting points of mixtures of benzoic and 
wnnamic acids are given by J. Koehler {Zeistchr.f. Chem. [2] vi. 60) 
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Benzoic Acid 

Cinnamic 

Add 

Melting Point 

i Benzoic Acid 

1 

Cinnamic 

Add 

Melting Point 

100 p.c. 

0 

123-3® 

40 

60 

98-7° 

00 

1 

118*2 

30 

70 

108*2 

90 

10 

111-5 

20 

SO 

118*0 

SO 

20 

106-4 

10 

90 

126'6 

70 

30 

101*4 

1 

09 

131-8 

60 

40 

87-1 

0 

100 

133-3 

50 

50 

84-3 





Honco it appears that the lowest melting point is exhibited by a mixture of the two 
acids in equal proportions. 

lieac/ioits—l. Wlion bromine is added by drops to a mixture of 1 mol. benzoic acid 
and 1 Ti\Q\. phosphorus trich/oritfe, n. xiolcnt action takes place, hydi-obromicacid beinc 
^ven olf, and tho muss gradually becoming liquid. The product when subsequently 
distilled, yields benzoyl chloride and oxychlorobromido of jihosphorus : 

(1) . C^H^O.OII + PCI* + Br- == HBr + PCI* + CaPO.OBr 

(2) . C’H-*O.OBr + PCP = C’lPOCl + PCPOBr. 


Plmsphonis pcntachloridc acts in a similar manner (Wichelliaiis, DcuL Chem. Gcs. Bcr. 


According to Ceiithcr a. Michaelis {Jenaischc Zcitschrift^ vi. 242), the action of 
bromine and phospbonis triohlorido on benzoic acid takes place in a different maiiritr 
namely, as represented by the equation : ’ 


3PCP + 3Bi^ + 3(C’IPO.Oir) = 2POCP + POBi* + 3C»J1'0C1 + 3HBr. 


When 40 grams of benzole acid, 45'2 PCP, and .52*4 bromine were made to act on ono 
another as dt’seribed by Wicliclhaus, and tho mass afterwards fnictioiuited, it sepanitcd 
into a iiortion boiling ut 110°-115® and another passing over at 150®-! 90°, whereas 
nothing wjis obtained liaving a boiling point of 136®-137° (oxychlorobromido of phos- 
phoms.) From the higbor-boiling portion, by cooling and addition of a ciy^slal of 
phosphorus oxybromido, a portion was obtained in tho crystalline state, having tlie 
properties and composition of the oxybromido. The greater part of tho latter, how- 
ever, remained dissolved in tho benzoyl chloride, 

2. When benzoic acid is fused with potassium hydrate at 360° for about hiilf-nii- 
hour, paraoxybenzoic acid is formed, together with a yellow amorphous body, O“*iP*0', 
and brown resinous bodic.s. A small quantity of a crystalline acid, easily 

soluble in alcohol .'iiid ether, and giving a violet-rod colour with ferric chloride, is 
likewise produced by the furtlicr action of tlie fused potash on the pjiraoxybenzoif 
acid. 

.3. When benzoic a<3id is fused with an equal weight of potassium sulphocyanate-t the 
reaction commences at 100®, and is terminated at 170®. Carbon oxysulphidc, sulphu- 
retted hydrogen, and carbon sulphide are evolved, and a residue is left, cnrisistiu" 
principally of benzamide, wliich can easily bo purified by crystallisation. Tho yicU 
is largo, amounting to 81 p.c. of the benzoic acid taken, so that this method con bo 
advantageously employed for the prepaxntion of benzamide. 

When potassium sulphocyanate is distilled with two molecules of benzoic acid, 
scarcely anything but bon 2 soniteil is formed (as previously shown by iLotts), so that it 
would seem that the potassium benzoate formed during tho reaction abstracts wotor 
from the benzamide, forming benzonitril. Benzamide distilled with potassium bon- 
zoato yields benzonitril. Ammonium benzoate, on the contrary, has no action on 
benzamido (Kckult^, Dcut. Chan, Gcs. Bcr. vi, 110). 

XBetalllo BenxoaiteSi — Scver.al of these salts have hecn examined by Scstinii 
Cicognani a. Znv;itti Soc. Ckim. [2] xiii. 488). The potassium soft KC»H‘0»*t 

3H*0 is obtained by spontaneous ovaporation of its solution, in irregular whideh 
]:iinin<e, which cfllorcsco ami fall to powder on exposure to the air. By ovoporflitioJi 
under n bell jar over sulphuric acid, colourloss anhydrous needles are obtained. 

. Sodium Bensroatfi, NaC'H*0* + IPO, forms small efflorescent nodules made up of 
microscopic prisms. 

Tho magnesium salt Mg(C'lPO»)» -t- H=0 is obtained by spontaneous evapon-tion 
over sulphuric acid, in .spherical masses composed of small oblique prisms, 5? by 
e vaporating the fcolutioii till a crystalline film forms on the surface, as a white 
inatod mass. 
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The Zn(C'H*0®)* cpystalliaefl in oblique prisms when its concentrated 

solution is loft to cool, and in shining laminae united in arborescent masses when loft 
to evaporate over sulphuric acid. It is more soluble in cold than in hot. water : con- 
smiuently a solution saturated in the cold becomes turbid when heated, and deposits 
rart of the salt in the anhydrous stato. 

^ The mcM salt Ni(C^IPO'-')® + SH^O crystallises by spontaneous evaporation in light 
gi-eon crust*^. It is efflorescent, slightly soluble in cold, more soluble in hot water. 

^\\Q cobalt salt Co(C^H*0®)®+ 2H*0 forms delicate, shining, longitudinally striated 
liirainae, which arc colourless when viewed separately, but appear peach -blossom- 
coloured in mass. When heated it gives off its water and acquires a line bluo-violet 
colour. 

The copper salt Cu(C^II*0®)® + 2H®0 is a light blue precipitate, slightly soluble 
in cold, abundantly in hot water, and crystallising therefrom in tliin, light blue, rliom- 
i; boidal laminae united in spherical groups; when heated it gives off its water and 
i becomes deep blue. 

I Jin salts. Benzoates yield insoluble precipitates bptli with stannous and with 
: stannic chloride. Tho stannous procipitate is reddish and appears to have the com- 
; position Sn(C^II®0®)® + H®0, Tho white precipitate obtained with stiinnic chloride 
: appears to be a molecular compound of stannic hydrato with benzoic acid, SnH^O*. 
C'H"02 + 9H®0. 

The aluminium salU Al® ^ white, easily soluble crystals, 

gi'oupwl in dendritic forms. 

Tho ferrous and ferric salts were not obtained in the c^stalline form. 

Bilt'cr benzoate^ treated with bromine, yields benzoic acid and a resinous body 
• (Tbin^n', Zciischr. f. Che7n, [2] vii. 1 19). With liquid phosgene it forms benzoyl 
chloride : 


C’H»AgO® + COCl® * AgCl + CO* + C’H^OCl. 

A sninll quantity of a chlorinated oil, probably C’II*C1», is formed at tho same time 
(V. Moyer, Zeitschrf, Chem. [2] vi. 496). 

Ethyl Benzoate, C*H*C’1P0*.— -This other, treated with sodium ethylate, yields 
sodium benzoate and ethyl oxide, according to tho equation : 

C*H®.C’II*0* + NaOC*H» = NaC^H»0* + (C*H«)*0, 

besides formic acid, and two oily bodies, one of which has the composition 
(or perhaps C“H**0"), and tho otlier C*’H*«0. Their formation may perhaps be re- 
presented by the equation : j i 1 » uo lo 

7C*H*(0'H“0*) = + C”H**0 + 0*» - H*. 

The jiroduction of formic acid may bo due to the action of tho liberated oxygon on tlio 
benzoic ether (Ceuther, Jeuaische Zeitschry't, vii. 126). 

Bromobeaxolo aolds. — ^Farabromobenzoic or bromodracylic acid, o btaiiied by oxid- 
ising bromotoluoiie with chromic acid, molts at 261° ; metabromobenzoic acid, produced 
iiy the action of bromine on benzoic acid, melts at 163° (1st Suppl. pp. 309. 310) 
iJio orUio-modihcation, or bromo-salylic acid, does not appear, to have been obtain^! 
-ipirn'T! i indeed states that it is formed, together with tho inota-acid, by the 
iS, bromine on benzoic acid; but this statomont is contradicted by Hiibnera. 
ftht 131), who found that only ono brominated acid 

henzoioiip/ri n^ner a mixture of metabromobenzoic with unaltered 

of eitbAi. ^ mixtures often molt at tomperaburos lower tlian Uic melting points 

benzoic mixture of 2 parts benzoic with 1 part bromo- 

benzoic acid S mb ® mixture of 1 part benzoic witli 5 parts bromo- 

PosiUon f W J circumstance has probably given rise to tho sup- 

aeid Peliimfr formed by the action of bromine on benzoic 

mcltinAt 1% beuzwte with bromine, obtained a brominated acid 

tho pmd^t Angerstein (Ann. Ch. Pharm. clviii. I) has shown that 

that j ® mixture of bromobenzoic with beftzoic acid ; further 

meltinir noinf separated from it, ag^es With metabonzoic acid in its 

smooth cl^acters.of its barium s^t, which mystollises in small 

silver is formed by tho action of bromine on benzoic acid, on 

8«>uP8COOh’co?ia°» orSSS’l? 316), whence it appeam that thethr^ . 

ittostandto tii. have the same influence on the bromine-atom, causing 

2«d Sup, &c. in ^0 position 1 : 8, lidCoreover, it isknown that the 
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pE^nee ol the group CH* gives tibo to tlio formation of u para-compound, bromo-toluene 
C»I[*.CH* being converted by oxidation into para-oxybenaoic acid ; hence it appeared 
posaiblo that the presence of the group CN might cause the formation of orthobromo- 
benzoic acid. On heating benzonitrilo, G*H^GN, with bromine in closed tubes, a 
reddish-btown thick liquid "waB obUtined, wliich was dissolved in alcohol, and ^e 
solution diluted with water ; microscopic crystals gradually separated out, whi^ 
were scarcely attacked by caiiBtic potash solution at 120®, rVom the alkaline liquid 
a small quantity of an acid was obbiincd, melting at 230®->23d®, which was probably 
parabromobenzoic acid. Other exjHiriineiits to prepare the missing or orthobronio- 
benzoic acid, likewise gave only negative results. As Henry as shown, this acid is 
not formed, as chlorosalylic acid (orthochlorobeiizoic acid) is, by treating salicylic acid 
with phosphorus pentabroraide, and decomposing the product with water, l^riedburg 
fountC like Henry, tliat only broiuosalicylic acid is thereby formed. He tried further to 
prepare diazo-orthoainidobenzoic acid, in order to convert it by the action of hydrobromic 
acid into metabromobcnzoic acid, but did Uot succeed in obtaining the diazo-compound, 
which appears to be a most unstable body. On mixing a solution of the sulphate of 
ortho-amulobenzoic acid (authranilic acid) with ^joUissiiim. nitrate in the cold, and adding 
hydrobromic acid, nitrogen is evolved, but no orthobfumobenzoic acid is formed ; the 
solution contiiiniug only salicylic and nitro-salicylic acids, which shows lliat the 
diazo-compound is decomposed by the water before the hydrobromic acid can act 
upon it (I'^riedbuig, Atui. C/i. PMrm. clviii. 20). 

Fricdbiirg further confirms the results of Hiibner, Ohly, and Philijip, that by 
treating pure meUi-bromobenzoic acid with strong nitric acid, two isomeric bromoni- 
trobenzoic acids are formed, viz. a-bronwnitrohensoic acid, which melts at 250®, and the 
i9-acid melting at 140® (lfl« Sitppl. 315, 316). 

Potassium bromobenzoate fused with sodium formate yields isophthalic acid, 
together with benzoic acid. The formation of isophthalic acid is represented by the' 
equation : 

CH^Br.CO'^H + n.CO*H = HBr + C«H*(CO*H)* 

(Ador a. Meyer, Dcut. Chem. Ges. Her, iv. 359). 

Dibromobensoic acid, C^IPBr^O® (Hiibner a. Angorstein, loc. cU.), This acid is 
best obtained by enclosing 5 grams of benzoic acid and 13'1 grams of bromine in tubes, 
half filled with water and heating them to 200®— 230®, until the colour has nearly 
disappeared. The resulting mixture of mono-, di-, and tri-bromobenzoic acid is boiM 
with water and barium carbonate, and the solution concentrated, Tribromobenzoato 
then crystallises out first, and afterwards impure di bromobenzoate ; whilst the salt of 
the mono-bromobonzoic acitl remains in the mother-liquor. The complete separation 
of the three acids is very difficult, and can only bo effected by employing large quau* 
titles of material. 


Barium dibro-imfwnsoate, 'Ba(C®H®Br®CO®)* + 2IPO, ciystallises in fine, shorti teans- 
parent needles. The calcium salt forms shining plates ; tho todium iolt is very 
soluble, and does not crystallise well ; tho silver sddt forms a white, and the copper wt 
a light green precipitate. Pure dibromobcnzoic acid is sparingly soluble in water, 
readily in ether and alcohol, and crystallises in tufts of slender needles, meltipg at 
223 -227®, and subliming without decomposition. 

Silver monobromobenzoate treated with bromine does not yield dibronkobenzoic acid, 
the produc^ consisting of silver bromide, monobromobonzoic acid, and a faw drops 
of a volatile oil, which attacks tho eyes powerfully. 

C«H=Br’ NO’.COOH. To prepow the compound impitn 
dibromobenzoic acid IS dissolved m hot concentrated nitric odd. The solutaon i* 
water-bath, and the residue dissolved in sodium ^iaibonate. Aithe 
^ exceedingly well, it is easily ob^edbyreciys^- 

salts, rejecting tho first crystals and 
further ciystel^tion. tho 
separates from a hot concontratOd goMon ij 
shimng leaflets, and from a diluted solution in long fine neodlos. 

It deftigiateB, leaniig a bulky, carbonacuouK mass behind. 

^ W and line eilky 


to the eoldwiution, the amido-acid, irhich doee not 
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procipitatod ; it crystallises from boiling water in microscopic needles, and from 
dilute alcoliol in distinct needles : it melts at 196^, and decomposes on stronger 
Jicating. By sodium-amalgam it is converted into or^Ao-amido-benzoic (anthranilic) acid. 
The motlior-liquor from the preparation of this compound contains metawido-bensoic 
acid. 

The relative positions of the radicles in the above-described brominated derivatives 


s 

of benzoic acid may be represented as follow, regarding bromo-bonzoic 


ncid as a meta-compound, and supposing that the carboxyl is combined with carbon 
No. 1 of the benzene nucleus : — 


Bromobcnzolc 

opBromonitrobenzoio 

a-Bromonitrobenzoio 

add. 

acid. 


add. 

Br 

Br 

NO* 

Br NO* 

3 

3 

2 

3 6 

Dibromobonzoio add. 

Br 

3 and 5 


Dibromonitrobenzoic acid. 

Br NO* 

3 and 5 2 



Bromochlorohemoic acids (Claus a. Pfeiffer, Dent, Ckem, Ges.Ber, v. 656). — 
•The tlirec chlorobenzoic acids are not all converted with equal case into the corre- 
sponding bromoclllorobenzoic acids by the action of bromine on their aqueous, alcoholic, 
or ethereal solutions. Ghlorosalylic acid is scarcely altered oven after heating with 
bromine in sealed tubes, whereas chlorobenzoic acid is acted upon with comparative 
readiness. They may all bo easily brominated, however, by the action of bromine on 
a liot solution of the silver salt. 

Bromochlorosalylic acid crystallises in fine, small, glistening needles, melting at 
151®, and soluble in 380 parts of water at 21®. Like chlorosalylic acid, it melts 
under boiling water, but is more soluble than that acid. Its salts are ^so more 
.soluble than the corresponding chlorosal^latos. 

Bromochlorohensoic add also crystallises in fine, white, felted needles, but is loss 
soluble than the above (1080 parts of water at 21® dissolve 1 part of the acid), and 
does not molt under boiling water. Its barium salt crystallises with two molecules 
of water; that of the above-mentioned isomeric acid contains throe. 

In the preparation of chlorobenzoic acid by the action of potassium chlorate and 
hydrochloric acid on benzoic acid, somewhat considerable quantities of dichloroben- 
zoic acid aro formed. The properties of tho acid thus obtained differ in several 
rosj^ts from those described as characteristic of dichlorobenzoio acid by Otto, and 
by Boilstoin and Kuhlberg. 

The two adds above described appear to be converted into dioxy-bonzdc acids by 
fusion with potassiuni hydrate. This app^^rs to succeed if tho temperature be ^ro- 
fully regulated, but if the heating be carried too far, chlorobromosalylic acid yields 
considerable quantities of salicylic acid. 


ChloroHenxolo aolda> — ^Paxachlorobenzoic or dilorodracylic acid heated in a 
scaled tube to 200® with antimony pentachloride is converted into dichlorobenzoi c 
ucid boiling at 201^, and identical in every respect with that whidi is obtained by 
the .iction of chloride of limo on benzoic acid, &c. &c. (Isf 312). 

In this acid, therefore, the two chlorine-atoms occupy the para- andmeta- positions, 
that is to say, its formula is OHCIHHCLCOSH. Ortno-dilorobenzoio (chlorosalylic) 
Acid similarly treated would probably yield an isomeric dichlbirobenzoie acid (Bejl- 
ctein a. Kuhlberg, Zeitsohr,/, Chsm. [2j vi. 417)- 
Another modification of dichlorobonzoio add is obtained, togubheK with the moh^ 
chlorinated acid, by the action of potassium chlorate and hydrochlc^ add 6n benzoic 
acid in diffhsed daylight. It crystallises in soft, dlly, intnlaqed needles; melting at 
166®, and subliming without decom^ition. Its har%um «dt Ba(C’H*Cl^*)* ■¥, 3H*0 
lonnB long, thin lustrous needles, which dissolve dfi 12*5 parts water at 28?^ tHie 
caidmn sdt Ca(C'IPCI^O*) -f 2H‘0 drysUllises in dendar j^iated needles (Claus, 
^•€hem.Gd,Bet.niy . ' ‘ ^ v z'::-- ’ 

Otto, by boiling; diiihdrhipptirio add Wdth strotiig hycBwilda ObtaShiw 

wchlorobensaio am, melting at its tiid badciin sato liava, hoWeyari ^ 

■ -VV .tr2 ■ ■ - 
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tbo same fom and composition as those of the acid obtsdned by Claus {Atmt Ch, 
Pftam. cxxii. 129; cxxiii. 216). 

Triohlorohensoic acid, C"H*Cl*.CO®H. A trichlorobonzoic acid, isomeric vith 
that produced from tnchlorotoluone-trichlorido (1»^ S^ippl. 312), is obtained by heat- 
ing ch]:ysanisic(amido-dinitToboDzoic) acid -with concontratod hydrochloric acid for nine 
hours to 2000-210®. On opening the tubes, torrents of nitrogen and cnrbon dioxide 
escape, and the residue contains ammonium chloride and some nitro-products. This 
reaction, which may bo represented by the equation : 

S[C»EP(NH*)(NO»)*.CO*H] + llHCl - SNH^Cl + 2N= + 7CO* + 2[C«H«C1*.C0*H], 

affords the first example of the replacement of amido- and nitro-groups by chlorine. 

The trichlorobonzoic acid tlius obtained, crystiillisos from dilute alcohol in fine 
noodles, melting at 203°, but subliming at a lower temperature; it is almost insoluble 
in cold, and sparingly soluble in boiling water. Its silver salt AgC'H-Cl*0- is a white 
precipitate cry.stallisiDg from boiling water in microscopic needles. The barium salt 
J3a(C'H-CP0-)® + 4H-0 eiyfll alH.sos from a hot solution in small prisms, ih^ccdciim 
salt Ca^C^H‘'Cl’0'‘*)* + 6H*0 is but sb'glitly soluble in cold water, and ciystalliscs 
from a hot solution in small shining needles. The ethylic ether is insoluble in water, 
and crystallises from alcohol in slender needles melting at 86°. ' 

Tho chloride, C«IFCRC0*C1, obtained by the action of phosphoins pentadilorido on 
the acid, is readily soluble in ether, benzene, and carbon sulphide, and forms hard 
prisms, melting at 36®, and having a faint but pungent odour. The amide, 
C«Ii-Cl*.CONn^ produced by heating the chloride witJi ammonia, is readily soluble iu 
M^hol and ether, and crystallises in small needles melting at 176° (Salkowski, Ami. 
CA. PAarm. clxiii. 33). 

nnobenxolc aold, C’H^FO- (Schmitt a. Gehren, *7. pr, Chem [2] i. 394). Hydro- 
nuOTic acid decomposes diazo-amidobenzoic acid in a manner similar to hydriodic and 
hydrochloric jidds, producing fiuobcnzoic and hydrofiuo-amidobonzoic acids with 
evolution of nitrogen : 


C»H"N»0‘ -j. 2HF1 » C»H»F102 + C'H'N0»HF1 I N^. 

Tho mixture of the two acids was gently heatcii in a platinum dish till it had 
become entirely fiuid, and tho evolution of nitrogen had ceased. On cooling, the crude 
fluobenzoic acid crystollisod out, and Wcas purified, first by treatment with animal 
f !fi "v^atcr, and finally by solution in ether, in order to 

* if. "y«^’o^“0;‘'«'»n»dobeiizoic acid which remained undissolvcd. Fluobenzoic 
wid crystallises in colourless rhombic prisms very similar to benzoic acid. It 

and solidifies at 170®. It dissolves with 
alcohol and ether. It has a strong 
rfal It is 'soh?h " from tho alkaline carbolates, and does not etch 

concentxuted sulphuric acid and^th 

acid forms neutral salts vliich ciystalliso w«B ftwn 

M^ien^oalr-L^. if- 5 ^ in a manner similar to tho calcium salt SW 

hTdn)chtoric^rid"'i^^'"®’'f alcoholic solution of the acid 

^eium iluol^ksoato^t& via ™l|*il>B^ triAout decw^itihir..:? 
composed, with foramfon of llu1bc„»ne 

action of hydriodic acid on dl«»n^ „ modification which Gnesa ohtoIaed^Ml' 
most probably the i^ta-acid “*? andilfer 
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ortlio-ainklobenzoic or anthrawilic acid by reduction with tin and hydrochloric acid, 
and conversion of tho latter into snlicjylic acid by tlio action of nitrous acii 
Cnide nitro-cinnamic acid (which likewise contsiins the para-acid), may be used for 
the preparation, inasmuch us tho para-nitrobenzoic acid formed at the same time is 
much less soluble ^an the oitho-m^id, and therefore easily separated from it. 

Orthonitrobonzoic acid crystallises fi*om water in small needles readily soluble in 
cold alcohol and ether. It melts at 141°, tho same temperature at which metanitro- 
heiizoic acid melts, but diflFers from the latter by being more soluble in water (100 
j)ijrt9 of water dissolving at 16-5®, 0-61 parts of tho ortho-acid and only 0-235 of the 
iM(!t;i-aeicT) ; the barium and zinc salts of the former are also more soluble than the 
salts of thenicU-acid. barmm salt Ba| C’H<(N0*)0*]* + 3H-*0 forms radiated 
ci-yatalliuo groups. The calcium salt Ca[C^H<(N02)0‘]* + 2H=0 is very soluble in 
water, aud erystalliscs in small tliin needles. The lead salt Pb[C’H\N0'‘«)0*]® + H®0 
crystallises in small shining prisms, sparingly soluble in cold water. sine salt is 
obtained in a syrup which gradually cryst/illiscs. The ethylic ether melts at 30°. Tho 
amide C“H*(NO®).CONII® crystallises in short needles (Bcilstein a. Kuhlberir, Ann. 
Ch. Pharm. clxiii. 134). 

VinitrobensoiG acid, C«JP(N02)-.CO=H (Ticmann a. Jiidson, Deut. Cham, Ges. 
Per. iii. 223. Murctow, ZeUschr. f. Cliem. [2] vi. 641).— 1. From Pinitrotoluenc. 
When pure diiiitrotoluene is heated for some time with fuming nitric acid, especially 
at 100° under pressure, the unaltered dinitrotohieiie tJien removed by precipitation 
with water, and the filtrate evaporated, crystals of diriitrobcnzoic acid are obtained, 
which may bo purified from small quantities of adhering diiiitrotoluono by solutionin 
aqueous sodium cfirbonato. Tho acid precipitated from the solution by dilute nitric 
acid may bo reciystallised from boiling water, in which it first melts, then dissolves 
and separates in long prisms on cooling. In tho dry state it melts at 179°. It suh- 
•lluics without decomposition and forms well crystnllised salts. The lend, barium, and 
silver salts arc soluble in water, and may be reciystallised therefrom (Tiemann a. 
Judson). 

'L From aci(f.---Whcn piire nitrobenzoic acid melting at 127° is 

continuously heated^ witii a mixture of fumiu|' nitric and fuming sulphuric acid, and 
tho cooled mixture is diluted with water, dinitrobenzoic acid soimrates after a while 
in shilling cryst-ils, an additional quantity of whicli may bo obtained by partinliy 
iiciitrulisiiig Uie excc.ss of nitric and sulphuric acids present with sodium carbonate, 
or by shaking the iicid liquid with ether (Ticmann a. Judson). Murotow boils 100 
jiiums of nitrobenzoio acid with 300 grams of fuming nitric acid, sp. gr. 1-48— 1 -49, 
find GOO grams of oil of vitriol, as long as red fumes are g^ven off (four or five hours), 
■nul then leaves it to cool, whereupon the pure dinitro-aeid crystallises out; this may 
I>t> drained on |L8bc8to8, and tho rest of the dissolved acid precipitated by water, in 
which, iu fact, it is less soluble than in weak nitric acid. To purify it from adhering 
iiiono-nitrobenzoic acid, it may be combined with ammonia, precipitated with silver 
nitrate, and ciystallis^ from water; tlie less soluble silver dinitrohenzoate then 
ciystallises out first, in needles ; or tho acid may be combined with baryta, whereupon 
noodles of tho mononitrated salt sopaiato first ; if they are miz^ with nodules, the 
qunntity of water added has not been sufficient. The solution is to be precipitate 
with hydrochloric acid, and tho precipitate rcciystallisod from water; 35 grams of 
nitrobouzoic acid yield by this process 15 grams of the dinitro-acid. 

Gahours, who ^scovered dinitrobenzoic acid, prepared it by heating benzoic acid 
witji a mixtura of nitric and sulpliuric acids (Is^ 557)* According to Muretow, 
this process yields only the mono-nitrated acid. As, however, this acid is converted by 
the same treatment into thet dinit^-acid, it is difficult to understand how some quantity 
°f the latter asm fail to be produced when benzoic acid is snljec^ to the prolonf^ 
action of a mirtzira of sulphuric and nitric acids. , i 

I^niiMbeDTOic acid prepared as just described is nearljdpIDlable in cold, somewhat 
soluble in boiling water (1 part in 53 according to Mure^) and czystalliaeg there- 
zrom on cooling in shining Umiiim, which melt when dry At 20^, but begin to sul^ 
lower tomperature (Tiemann a. Judson). According to MurAtow, it ctystal- 
Jlf®? water in square plates, which gradually become Uiger, bat remain so thin 
tnat teey exhibit the finest interletence eolourst It dissolveB in alcohol more freely ' 
2^0 and sepantas in large, teanqparent, well-defined j^ms, xneltitigat 204°- 

^nii^bmzoio acid fboiM^^k red solutiouA with alkalis and with boryta-wito, 
t ^Bsolves in a small quantity of strong i||q[UGoas ammoida, and the solution deposits 
^*“1® ^hich dissolve in a larg^ quanti^ ^ ammonia, like those of the mononitmi^ ; 
Jew. With excess of ammonia, a red solution is formed ifhich becomes eolourless.on ' 
ooiimg, aiid ^en dej^site crystals of oidji^ium dinitrobensoate, The 
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Ba[C*H*(NO*Wl* + 6H*0 crystalliscB from water in pdo yoUow nodules; aeconatei ; 
Hfiien heated. The iaivcr salt in ycllowirfi when recently preeipiteted, but ci^tallli^ , 
f rozn ii^ater in nearly colourless needles. It is permanent in tho airand detoiM^es.^ 
when heated (Muretow). ^ . * ' . ; 

The differences of .meltiufr point and crystalline form of the duntrobanzoio acids 
prepared from dinitrotoluqno and from niononitrobonzoic acid, show that they ' are 
isomeric, not identical, . , 

Dinitrobenzoic acid heated in alkaline solution wi^ sodium-amalgam, is converted 
into a black humus-liko body, having tho composition of diazoxybeuzoic.scid, 
C»H^N-'0=* (Meyer a. Michlor, p. 168). 

Trinitrohenzoic acid, C«H •(NOj*)^CO*H, is obtained by digesting trin^lirp. 
toluene with fuming nitric acid at 100° iu scaled tubes ; the transfuimationi hofweyj^, 
is not complete, even when the action is continued for a ioMnight. Tho ^.nnaltdztd 
trinitrotoluene having boon precipitated by water and the liquid iiltei;ed, ^^^filtrate 
on evaporation deposits trinitrobenzoic acid in larg^ well-definod prismaucj piystals 
wliicli may be further purified in the manner above described for tho di|iitrO-!ac]d. 
Pure trinitrobonzoic acid molts at 190° when dry, and sublimes without dewmposition. 
Its atmnouium mil is ciystalli sable. Tlio silver salt crystallises in reddish laminie, 
sliglitl}'^ soluble in water. When the free acid is heated with an excess of alkali, 
especially of ammonia, it first turns rod and then decomposes (Tiomann a. Judson), 


Hcdiietion-dcrivatives of tite Nitrobensoic Acids. 

Amldobenzoio acids, 0^IP(NH*)02 - C«H«(NH 2 ).C 09 II. — 
benzoic acid. When this acid is treated with ca^'hon bisulphide in alcoholio^ 

l(Osy» 

solution, hydrogen sulphide is evolved and dicarboxyl-sulphocarbanjlide N*< 

i.®* * 

COOll)®, is separated in white needles (Merz a. Weith, Zeitschr.f. Chem. [2] vii. 46), 

Carhoxamidohenzoic and XJramidohemoio acids (Griess, J. jpf. tfkm. 
[2]. iv. 292; v. 309). — When amidobenzoic acid and urea are melted togsthBr 
at a moderate heat, uramidobonzoic or oxybenzuramic apid, C'‘H*N*0* (1«< 
8\vp^. 318) is formed; . 

C’H’NO* + COn^N® = NH» + C>HWO»; 
and this acid, if kept at tho temperaturo of 20®, is gradually resolved into urea ^4 
carboxamidobenzoic acid, C**H'*N*0*: 

2C‘H»N-0=' - COH^N* + C»HWN*0». 

Tliis method of prcparat.ion consequently yields a mixtiire.of the two acidc^ the relati^'s 
quantities depending on the time and temperature. 

Uy heating amidobenzoic ether with urea, tho cthein'^hoth tie '’above acids are 
obtained ; and from this mixture uramidohcnzoic ether may readily be extracted by 
hot water. It melts at 176°; carbamidobcnzoic ether at 162°. _ ^ 

Uramidohenzoic ether is easily prepared by adding hydrochloric solutioil 'of' : 

benzoic ether to aqueous solution of potassium cyanatc. This other is identical .ifitb ; 
the one obtained by the method given above; and the carboxamidobeoabio . 
obtained from it by tho action of heat, is identical with that mentioned aboyo.' ^ 

two ethers may also bo obtairiod by the action of cyanic acid upon alcoholic 
of amidobenwic acid. A compound is thus formod having the composition 
By evaporation in a vacuum over sulphuric acid, it lot{;e| .d mole, of water, .'.h bigiM 
C-®H®WO«, a compound isomeric with uramidobonzoic ethbr, uto 
by tho application of heat. " ^ ^ 

Carbamidodracylic and TJramidodracylio acids are obj!j|Difeal^^^ 
manner by fusing a mixture of urea and nmidodracylic acid. - ^ 

^ JJramidodracylw acid crystallises in anhydrous, white plates, 


in boiling water. It is obtained with these properties, however, only 
qTmntities of material are operated upon ; if more than 3 grams of tne twiS iPg 
aro fused together, the product ciystuilises in minute round forms whi(^i^;itl^ 
microsco|)e, have a certain rcscmblanco to yoast-cells. All attcnipts to oWs^ 
two modifications similarly crystallised have been unsi^ssfol ; both, howey^ 
exactly the same products of decomposition. The lattS modification i? al^:0)| 
by the action of potassium cyanate on amidodracylic hydrochloride. -i S 


Carhoxarnidodrcutylie acid, (CO)' 

C'Bra}NO» 

aU neutral solvents, 


, crystallises in minute nSjedleS^ 
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Ortho^amidobenifoip gr Anthtanilic acid, fused Vith tirea, yields, not a 
nramido-acid, but cyananthranilic acid, C^H*(CN)NO* (Ut Suppk 320) : 

+ CHWO ^ NH* + H*0 + C*H«NW 

(driess, l<fb, ait.),- 

Triamidohenspio aciJ, C^H‘(NIP)»0® = C«H*(Nn»)».CO*H, is produced by ihe 
action of 4in and iiydrochloric acid on obrysanisic (dinitro-amidobcnzoic) acid. It 
ci'ystnllises from a hot aqueous solution in fine sliining noodles, which in the pure state 
are almost colourless, but generally liavo a chocolate colour.^ It is sparingly soluble 
in cold water and nearly insolublo in alcohol and ether; £he solution has an acid 
reaction. Itits resolved by heat into carbon dioxide and ti'iamidobenzeno, C'I1’(NH*)’, 
(p.U7). ' 

TriAmidobeuzoic acid combines with other acids ns well as with bases. The hydro- 
chloride C*H^NH*)*CO®.2HCl is obtained by treating tho liquid, after reduction, 
with hydrogen imlphido. It is very readily soluble in water, and crystallises in silver- 
grey nebdles ; the aqueous solution undci-goes decomposition on exposiuro to the air, 
with separation of brown amorphous flakes. WitJi platiiiic chloride it gives, not a 
double salt, but a black residue; but it combines with stannous chloride, forming 
the compound, C®H*(NH*)“CO®.2HCl.SnCP + S^IPO, which is obtained on evapo- 
rating the product of reduction, and forms mojiocliiiic crystals. Tho sulphate 
C*ir’(NH*)*COMI='SO* + H*0 forms hard broumish crystals, sparingly solublo in 
boiling water. Tho nitrate C®H“(NH*)*CO\2IINO* crystallises in small rhombic 
six-sided brown plates, and is moderately soluble in cold water. The oxalate is 
obtained in fasciculated needles on mixing tho liot concentrated solutions of tho two 
acids. 

The triamidobonzoates of tho alkali-mefals and magnesium have not been obtained 
* in crystals. Ct^um trumidohensoate Ca[C*H*(NH*l‘CO*]* is obtained by neutral- 
ising the acid with calcium carbonate, and forms brown, hard crystalline crusts. Zinc 
triamidobensoate Zn[C®H*(Nfl*)*CO*]* + 6H*0, forms hard, light-brown shining 
crjstals. 

The aqueous solution of triamidobonzoic acid docs not dissolve lead oxide^ but on 
evaporating it with lead acetate, small shining prisms separate out, which, when once 
formed, are quite insolublo in water. The solution of the free acid is precipitatiad by 
copper, silver, and mercuric salts ; ferric chloride produces a brown precipitate, the 
solution containing ferrous chloride (Salkowski, Ann, Ch, Vhann, clxiii. 12). 

Ethyl-amidoheneoio acids (Grioss, Deut, Ckem, Ges, Bor, v. 1038). — When 
potassium amidobonzoate is treated with ethyl iodide, a mixture of ethyl- and diethyl-, 
aniidobenzoic acids is produced, which may bo separated by crystallising their hydro- 
chlorides from hot dilut^hydrochloric acid. 

E(hi/l~amidobenjeoio « C'H*(NH.C*H*)0*, isomeric with tho ethyl 

amidobenzoat^ 'which Cahours obtained by r^ucing ethyl uitrobenzoate 

witli ammonium sulphide, crystallises in small white or greyish prisms, slightly 
soluble in hot, very sparingly in cold water, but soluble in any quantity of alcohol or 
ether. T^e solutions ore tasteless, but bave an acid reaction. The acid melte at 112° 
and volatilises without decomposition at a higher temperature. Like amidobenzoic 
acid, it unites both with bases and with ininoral acids, not, however, with acetic acid. 
The hydrochloride, C*H’*NO*.HCl, crystallises in small four- or six-sided plates, also 
in nerales, especially from dilute hydmhloric acid. It is moderately soluble in cold, 
fre^y in hot water, abnost h^iuble ia cold hydrochloric acid. It forms a double salt 
iritg platinic chloHd#, 

_ etlofk^idobmh^i, Ba(C*ir*NO*)* + 2 H!* 0 , crystallises from water and 

frbxh; aJcoboV&Mo^ ihdifdnct ve^^ 

acid, ’’’ formed when nitrous acid 

ispalsei mto a moderjitely strong solutitm of hydrochloride of e^ylamiddbenzoie acid, 
or when ^tassium nitrite is added to it, and separates as a crystallino preoimi 
It 18 sptrliliglj soluble in boiling water, and crystallises therefrom almost oomplei 
nr ycllowi^-whito, long, narrow plates. It is almost tasteless^ has a strong s 
ren^ion ; dissolves freely In ool 4 alc<^ol and ether; and comblnW'^th basest but. not 
With acids. The siYmt soft forins small yellowish-white six-sided platei^ and is httt 
8 bghtly soluble in boiling 

BiethyUmidobenpoio ^ C^H«(0»H»)*N0*, cri^lises in perfedi^y; 

white prisma very much li^ the crydals of ethyl-amidobenzoic acid, and, like the 
latter, has no taste, but an acid reaction ; it melts at 90 °, and ean be distilled without 
decomposition, Tho hydrpchkHde C"H*»NO?,H0I + HK? fofths Ohining fonr-siM 
Siefr ifiredy soluble in cold .water end hyi^lMhs ecid* end gi.To 9 * 
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C’H‘(C>H»)*NO--. iH fom^. as sole pro^t, ty ^ Mtiw 
of allyl iodide on potaBsiiini ttiiiidobensoiito. It crystolliscs in small, soft, whito, {dates, 

platinic chloride. 

Stoaonensoic add, 0'H<N«0= (Griess, J.$r. Ch^ [2] i. 102). When tho 
cold^t d this Mid, C'HWO-'.nCl.AuCG, suspended m alcohol, is derompMod by 
h^itecen sulphide, gold sulphide is precipitated, mt^u gas is OTolyod, and thwo 
S'S^Mlds are formed, namely, bensoie. ehlorotensoii^ and a sulphuKtted acid. To 
^tain the latter the filtrate from the gold sulphide is frood from alcohol by wapOTa- 
t^,t a“™rfduofs repeatedly boUed ^ith a largm quautity rf ^ator brhich ^ 
not dissolve the sulphuretted acid. On dissolving the residue m hot dilute bayyta- 
mter cvai«i-ating, and extracting seveml times with hot water, Ae , barium »lt of 
the sulphuretted acid remains liehind; it may bo decomposed with ammomum cUn 
bonaus and the acid pi-ocipitated from tiie resulting ammoninm salt by hydrochloric 
acid This sulphuTott<sl acid is nearly insoluble in water even at the boiling heat, 
also' in cold ali-ohol. From a solution in boiling alcohol it separat^ on cwling in 
white needles, melting at 242». It gives by '>! 

sented apppaimately either by C'H‘SO» or by C!»H"8«0*, but Gness prefers the 

latter. 

Compounds of Diaso^jencoic with Oxylfcnzoic acid (Ciritss, loc. ^t.). An ^id, 
« 'C"n*0».C’Il^N“0’S isomeric with Jizoxybenzoic acid (Ifiif Suppl. 322), 
is formed, together witli a brown iiinorphous acid and a largo quantity of oxybonzoic 
acid, when an aqueous solution of the nitrate of diazobonzoic acid is left in intact for 
several days with barium or calcium carbonate. Hydrochloric acid odded^ tO’ tho - 
filtrat e throws down a mixture of tlm three ;uuds just mentioned, .ind on treating tbs 
mixture with cold alcohol, the acid C»‘ITi"N-0* remains undiesolved. It dissolves with 
great difficulty in cold alcohol, but very easily in boiling alcohol and ether; mtet 
takes up only traces of it. h’rom the hot alcoholic solution it separates in golden- 
yellow needles. Whenlujated it swells up strongly and leaves a difficultly comliustiblo 
cinder. Its aUver salt C»‘ll»Ag-N='0' is a yellow gummy 

2. All acid having the composition C^'Il'^N^O^ » OHI*0*.2CJH*N-0® is obtained 
by the action of sodiiun carboiiato on an aqueous solution of tho nitrate of diazobenzoic 
acid for 24 hours at ordinary temperatures, and is precipitated from tho resulting 
solution by hy-di-ochloric acid, together with a small quantity of a brown amorphous 
acid, probably having the composition ; this latter may bo removed by 

cold alcohol in which tho iici«l is but very slightly soluble. This acid 

crystallises from hot alcohol in brown-red grains or shorti ^^ick needles. Its ammo- 
jiijical solution, which has a deep blood-red colour, gives -inth silver nitrate a brown- 
red precipitate, having the composition C'**H*®Ag*N^O’. 

The formation of the two acids just described may bo represontod by tho equations; 

2C'IPN'-6* + H®0 « N* + C»'H*«>N*0», 
and 3C»HWO» -I- H*0 = N* C='H»N«0% 

Pluozj1>enaoio acM* C’HWO* » C*H* | This acid is fomed hy 


COOH 

the action of 6 p.c. sodium-amalgam on dinitrobcnzoic acid dissolved in oaiistii^f 
The resulting black liquid neutralised with hydrochloric acid deposits a 
lent precipitate, wliicli when dry forms n black velvety powder, inMlubla 
alcohol, ether, benzene and acetic acid. The salts are bla^ and amorphon^ 
acid itself. The analyses of the zinc, silver, and barium salts lead to 
tho acid above given. Tlie acid bears a remarkable resemblance to tliO ;i 
humous or ulmous substances, which are regarded by some diemists os 
(Moyer a. Michlcr, Deut, Chem, Gea. Ser. vL 746). ^ - 


cBXiOMiiB or Biorzon obbobhibi 

stvosglv acted upon by sulphuric acid, witli rapid evolution of hy " 
liqfiid becoming sensibly warm. When an ex(>ess of sulphuric acid is . 
pound is fbrmud which cip^tallises out in prisms. As soon as it is brought 
with water, much benzoic acid senates. The crystals placed on a 
a vaeunm become opaque, amorphous, and completely soluble In 
se;^ation of benzoic acid. On adding the sulphuric acid to an execa ^ 
chloride, heating, and distilling off the access in a current of carbonia 
hard, hygroscopic mass remaiiu^ which, like the preceiUng^^^' 
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Boluble in water, and consists of Hulphobenzoic ockl, which in thi^i way is easily obtained 
in large quantity (O^penheim, ZeiUchr.f. Chem. [2] vii. 21). 

All alcoholic solution of potassium siilphydrato produces, by its action on benzoyl 
chloride, not thioboiizoic aa might bo expected, but principally n body indifferent to 
jilkalis, and ctj'stallisablo from alcohol in pale red needles ; tins substiinco appears, 
from its properties and composition, to he identical with the benzoyl sulphide of 
Liebig and Wohler (A. Woddigo, J. pr. Chenu [2] iv, 50). ’ 

8SVZOZC PBROXIDB or BBnOTXi PBBOXXDB (C*lP0)"0.—For 
the preparation of this compound, Spcriich a. Lippiiiann {Wim. Akad. Ber, [2 Abtli.] 
Ixii. 613), recommend the use of commercial bui-ium peroxide, the quantity of sictire 
oxygen in which they dctciTnine by titration with iodine and sodium thiosulphate. 
The peroxide is tritufated in a mortar with benzoyl chloride, and when tho reaction 
is over, tho product is exhausted with water, washed with dilute solution of sodium 
carbonate, pressed, dissolved in ethcr» and left to crystallise. 

When an ethereal solution of benzoyl peroxide is heated t o 1 00° with mnyUne^ tho 
ether and unaltered amylono then distilled ofi^ and the solid residue washed with 
Bolutioii of sodium carbonate, a heavy oil is left which remains iindecomposod even in 
rarefied air, atid has tho composition of amyleno in whieli 1 atom of liydrogen is re- 
placed by benzoyl peroxide : 

+ (C’H»0)®0 = C'n»O.HO + C'IP(CaPO=). 

BBVZOIBT. (Jena a« Limpricht, Ann.Ch. Phami. civ. 80 ; Limpricht 

a. Sohwanert, J)eut, Ckent. tics. Bet. iv. 335). — This compound distilled over hcatcKl 
zinc-dust is partly or wholly deoxidised, yielding deoxybeiizoin or toluyleno oxide, 
C‘^H'*0, loluylene (melting at 120^), and an oily compound isomeric with tho 

latter, boiling at about 260°. 

Jkamposiiion of Benzoin hy Alcoholic Potash. — The products of this reaction vary 
according to tho proportions of tho reacting substances, tho temperature and duration 
uf tho action, and the proseneo or absence of air. 

1. When benzoin is heated to 100° in a sealed tubo for 12 hours with a small 

quantity of alcoholic potash^ aud tho contents of tho tube, after evaporation of the 
alcohol, are treated with water, a procipitat6 is formed consisting of hydrobonzoin 
or toluy Ionic alcohol, and tlie aqueous solution treated with hydrochloric 

acid gives a precipitate of benzoic acid, with traces of bcnzilic acid. 

2. When 4 grams of benzoin are heated for two or three hours in a scaled tubo to 
ITiO® with 1 gram of sodium dissolved iu 20 c.c, alcohol of 9 '2 p.c. tho product treated 
with water as above, the liquid filtered off after twelve hours, and tlio undissolvetl 
portion taken up witli alcohol, a solution is obtained which deposits first hydrobenzoih, 
then ethyl-benzoin, C‘^H"(C*1P)0*, and lastly a compound C®“IP*0*, which, on 
account of its great solubility, is difficult to separate from the last mother-liquors. 

The aqueous solution mixed with hydrochloric acid gives a precipitate of otliyl- 
benzilic acid (p. 158). 

The liydrobenzoin obtained in the manner just mentioned is the orthorhombio 
niudification, which forms large well-defined crystals, melting at 132°. 

According to Zinin ifkut. Chem. Ges. Bar, vi. 1207) benzoin is partly decomposed 
hy boiling, or when its vapour is passed tiiirough a red-hot tube, yielding benzoic 
aldehyde, benzil, deoxybenzoin, and water. 

Ethyl^beneo'in^ C‘*H**0* » C”H"(C*H*)0*, may bo freed from liydrobenzoin by 
repeotod crystallisation. It crystallises in woll-definod glassy prisms, often united in 
coru^entric groups, which dissolve easily in alcohol and ether, and melt at 95°. It is 
notaltered byprolonged digestion of iitsalcoholle solution with sodium-amalgam. When 
It IS heated with nitric add of sp. gi^. 1*4, and the product treated with water, a resin 
gradually separates, the alcoholic solution of which yields on evapomtion, crystals, 
apparent^ of benzoin, melting at 137°, aadafter^ijaids an unciystauisable oil, whicli, 
When punfled by rented solution in cold alcohol $nd evaporation, and dried at 70P, 
exhibits the composition and may therefore be regarded as an isomeride of 

s acoty l-benzoin ^(C*H*0)0*, Bromine acts violently on ethyl-bdnzolh^ 
torning partly crystalline, partly oily products. 

Jiie compound C**H**0* cmtallifiesr after several days' standing at a low temj^a^ 
jure, from the oily mothor-lmuor which remains after the hydropenzoin and othyl- 
been removed ftom tile precipitate formed by water; the czystals ani 
purified by draining, pressure between paper, and reciystalusation fSroin al 99 bolf, 
^ssoives in all proportions of ether and alcohol, and separates thereftora at i ldir 
"inter temperature, somobimes in welLdsfliiAil w. muifji ■+. iai®. TiiiifcSiliiJ 
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with dilute sulphuric acid, it ^ves off an oil which gradually solidifies, and leaves a 
soft yellow residue convertible, by agitation with other and alcohol in succession, into 
crystals, consisting partly of a substance soluble in liot alcohol, and separating 
therefrom in transparent crystiils molting at 108°, partly of a white crystalline powder 
melting at 190°, and soluble only in large quantities of alcohol. The latter has not 
been analysed ; the former lias tne composition C^IP'O, showing that sulphuric acid 
acts on tlio compound in the same manner as on tlio other members of the 

benzoin group, viz. as a dehydrant. 

3. When benzoin (4 parts) was heated with sodium ethylate (1 port sodium in 20 parts 

alcohol of 92 p. r.) to 170°, a gas, probably hydrogen, escaped on opening the tubes, 
and the products wore somewhat different from those obtained in the experiments 
described under (2\ toliiyloiie being obtained instead of toluy Ionic alcohol 

C'*H“0», (this alcohol being converted by the sodium ethylate at the high temperature 
of the reaction into toluyleno hydrate C‘^H“0, bonzoic ^cid and hydrogen, and the 
hydrate being tlion resolved into watpr and toluylcno). The precipitate, formed by 
water in this case, likow’iso contains the compound C”H“0“ ; and the precipitate 
formed by hydrochloric acid in the aqueous solution consists of ethyl-benziHc acid, 
together wil,h btsnzoic and very little bcnzllic acid. 

When benzoin is heated for three hours to 180°, with very concentrated alcoholic 
potash, strong pressure shows itself ou opening the tubes ; water throws down 
toluylono and the compound ; and hydrochloric acid added to the filtrate 

preci2)itates a large quantity of benzoic acid, with a littlo othyl-benzilic, and traces of 
bonzilic acid. 

The formation of the compounds above described may be explained as follows ; 
Ci4Hi*0* + C*H»NaO = C”H»'(Cr*H*)0* + NaHO. 

Senzu'in. Sodium Ethyl-bcnzolin. Sodium 

ethylate. hydrate. 

C»H*'(C*H»)0* + H*0 C + H*. 

EthyMDcnzo'ln. £thyl-bcnz!Uc acid. 

The nftscont hydrogen produced in this last reaction converts part of the benzoin 
into toluylenic alcohol, which by the action of the alcoholic potash at high 

temiieratures is resolved, as above niontionod into toluylono hydrate, benzoic 

acid and hj^lrogcii, and tho toluylcne hydrate is in some cases furtlior resolved into 
toluylono and water. The comiiound C**IP“0* is probably formed from benzoin by 
the action of nascent hydrogen in tho manner shown by tlio equation : 

2C“H*’0» + + 2H*0. 

(Jonft A. Limpricht). 

4. When benzoin is heated with alcoholic potash in an open flask, the alcohol being 
replaced as it evaporates, and the product is treated with water and hydrochloric acid, 
a resinous precipitate is formed, and the liquid after a while deposits crystals of 
benzoic acid contiining a trace of benzilic acid. Tho resin freed from benzoic acidhj 
digestion with sodium carbonate, dissolves easily in hot alcohol, forming a solution 
which deposits, first nodular crusts of small white crystals consisting of dibenzoTn 

« 2 mols. benzoin — H'-'O, and afterwards a soft white mass the constitiL* 
tion of which has not been distinctly made out (Jena a. Limpricht). 

According to more recent experiments by Limpricht a. Schwanert, the precipitotfl 
formed on adding water to the product obtained by several hours* digestion of ben^’n 
^th alcoholic potash in an open vessel, consists of hydrobenzoin (orthorhombic) snd 
bonzile (in sealed tubes no benzilo is formed); and the liquid filtered fto^i thi* 
precipitate and mixed with hydrochloric acid deposits benzoic acid, benzilic acidi sn^ 
ethyl-dibonzoin, =. C*“H**(C*H»)0». (formerly regarded by Jana 

isomeric with benzoin, and designated us totam alcohol). On boiling the pjadptet® 
formed by hydrochloric acid witli water, tho bonzoic and benzilic aems dissolyi^ #94 
ethyWibenzom remains us a resinous mass, which dissolves in alcohol und aaiiwite} 
tfierefrom m crystals molting at 200°. Heated with acetyl-chloride, it is ebBTCW 

into acotyl-ethyl-dibenzoin, C**H®®(C*H*0)(C*H*)0*. 

It appears from the observations above de^bed that the action of 
on benzoin gives rise to tho formation of three compounds derived tem 
'of ^ ethyl-dibenzoi'n, n»«'FP*0*; .a # 

A foupthcompound, similarly derived, is oxylopidene, which Zinin oblsi^^ 
ac^ of hydrochloric acid upon bonzm’n. Dilute sulphuric acid 

2C“H»*0* - 2H*0 « 
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Oxylopideno ia doaely allied to.tho compound and would undoubtedly bo 

obtained from it t)y the action of acida. When a mixture of oxylepideno and benzoin 
is heated with water to 160®, these bodies are converted into lepidono, and 

benzilo, respectively. This would account for the results obtiiiiiod by Zinin,' who 
found the two latter to bo the chief products of the action of hydrochloric acid on 
benzoin. (Limpricht a. Schwauert.) 


Bydrobenxoin. It was stated in the First Stipplenient, p. 333, tlmt 

the products thus designated obtained from diffoi-ont sources,, exhibit considerable 
differences of molting point ; and it now appears from the experiments of Ammann 
{Zeitsthr.f, Ch&m. | 2] vii. 83; Ann. Chem. Phanti. clxviii. 69), that there are two 
modifications of hydrobcnzoin, both of liirhich are fonue<l by the action of sodiiim- 
jimalgam on benzoic aldehyde in aqueous or alcoholic soJntioii. One of these is iden- 
tical with Zinin’s hydrobenzoi'n, obtained by treating benzoic aldi!hydo with zinc 
and hydrochloric acid (iii. 186) ; the other, named isohyd rob enzoin, is the principal 
product of the action of sodium-amalgam on bitter-almond oil in prcsoiico of warm 
water; both isomorides are obtained if an alcoholic solution be used, llie proportioii 
of hydrobenzoin rising witli the strength of the alcohol employed. Their separation 
is very difficult, and Otiii only bo effecttMl by repeated crystallisation from alcohol, in 
which isohydrobonzcfth is somewhat the more soluble. 

Hydwjbenzoin crystallises from water and alcohol in anhydrous silky scales, soluble 
in 80 parts water at 100® and 400 parts water at 16®, easily soluble in alcohol, fusible 
at 1 32®-5. 

Isohydrobenzoin crystallises from water in glistening hydrated needles, from alcohol 
in well-defined hexagonal crystals. It dissolves in 80 parts water at 100® and 526 
parts at 16°, is easily soluble in alcohol, and molts at 119°*6. It is unaltered by 
ciglib days' digestion in alcoholic solution with sodium-amalgum, and therefore seems 
to bo not convertible into benzyl alcohol. 


AHion of Acetyl Chloride . — After 24 hours* digestion with acetyl chloride and ex- 
pulsion of the excess by a current of air, both substances yielded products correspond- 
ing with the formula C*^n*®(OC*H’0)- ; the isobydrobenzoin derivative is oblaiiietfwith 
difficulty in crystals, which molt at 117®-118® ; this substance seems lo bo identical 
wth the acetic other obtained by Limpricht and Schwauert fi*oin stilbono bromido 
(which melts at 106®-1 20°). 


Action of Nitric Acid . — Zinin found that hydrobenzoin is easily converted into 
beiizom by nitric acid. Isohydrobenzoin dissolves readily in this acid ; the product 
ot the reaction collects on the surface of tho liquid in oily drops, which in contact 
with water pass int-o a tough yellow mass, which could not be made to yield any definite 


Aotwn of Phosphorio Chloride . — ^The reaction with isohydrobenzoin scorns to bo 
more ®*i<jyS6tic tlian with hydrobenzoin. Tho product of the reaction was tho same 
with both substances, was very sparingly soluble in alcohol, and crystallised from 
toluene in colourless needles, melting at 184®, and having the composition C*«H*2C1*. 


p,J;l™P'J®^®*Schwaiiert {Ann. Ckem. Pharm.hbL, 177), by heating toluylene bromide 
' u -Ur with an equivalent quantity of silver acetate mixed with glacial acetic acid 
rranSrwv: ^ reversed condenser, obtain toluylene acetate ‘ 

24 1 ^ V when precipitated by water and heated with alcoholic potash for . 

hours, yields at least two isomeric compounds having the formula 
Bi'POTable by successivo crystallisation from alcohol. 

14RO* 1 these, called toluylenic alcohol, molts between 116® and 

ffiiioi attempts to obtain from it a substance of constant melting point having . 

wliAii ’i. fgpe®-™ most probably to consist of two mutually convertible isomerides : 
acffio acetic acid, acetic anhydride, or acetic chloride, it yields 

of sn IjhewisG do not exhibit any constant melting point. Nitric acid 

infv ^ ®»di8os it to benzoin, and bromine converts it chiefly into benzile, aocord- ^ 
w tho equation ; 


2C‘«H>*0« + Bi* - C**®*©* + + 2H*0 + aT pti-. 

"Woalo , BouUe. Tdnyleno 

aloohol. bromide. . 
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off vapours having an odour of geranium. Dilute sulphuric acid abstracts the elements 
of ■water, forming a crystallino compound which molts at 96®. 

Isotuluylenic alcohol crystallises in slender needles from the mother-liquors of 
toluyleno alcohol prepared as above described ; it melts at 96®, and when heated to 160® 
for two hours with acetic anhydride, gives two isomeric acetic ethors, molting respec- 
tively at 135° and 96°. Dilute sulphuric acid (20p.c.) gives a small quantity of a ciya- 
talline compound, C‘*II‘-0, melting at 95°, and probably identical with that obtained 
from toluylenic alcohol ; the principal i^roduet, however, is an oily isomorido of this 
crystalline compound. Jiitric acid of sp. gr. 1*4 converts isotoluylenic alcohol into 
benzoin. 

Limpricht a. Schwanert give the name of stilbeno alcohol to the modification 
hitherto called hydrohoiizoin, which Zinin obtained by the action of alcoholic potash 
on benzoin, reserving the name hydrobenzoin for the other modification obtained by 
the .action of nascent liydrogcri on benzoic aldehyde (Ammann’s isohydrobenzoin). 
They find that stilbeno alcohol crystallises in largo tabular prisms melting at 132°; 
heated with glacial acetic acid to 170® for two hours it furnishes the mono- and di- 
ncetic others, and C'^H‘-0-(C*’IP())’-, melting pcspectivoly at 77® and 

135° ; acetyl chloride and acetic anhydride give the diacctic ether molting at 136°. 
Dromino form.s benzil and broino-toluylene, just as with toluylenic alcohol ; alcoholic 
potash at 180° for some horn's forms benzoic acid and toluyleue hydrate, C'^H“0; 
t in's latter is further split up into water and toluylcne, On heating stilbene 

alcohol with dilute sulphuric acid for half an hour, a ciystulline compound, C'*H>*0, 
is produced, melting at 125°. 

The general conclusion doxluced by Limpricht a. Schwanert from these experiments 
is, that toluylcne bromide gives at least two isomcridcs of the formula 0“n“0“ ; that 
benzoin and alcoholic potash give another, ■with which the hydrobenzoi'n of Ammann 
is prohiibly identical, the isohydrolionzoin of this chemist being probably a different ' 
isomeridc. These isomorides differ in the melting point, &c., of the acetyl derivatives, 
and yield different bodies ly the action of sulphuric acid; in some instances, however, 
both the toluylene and stilbeno alcohols form the same products, e,^., by the action of 
bromine. 

Ammann, on the other hand, infers from the description given by Limpricht a. 
Schwanert of their toluylenic and isotoluylenic alcohols, that the substances so designa- 
ted were not definite chemical compounds, but more mixtures. Their melting points 
show that they could not be mixtures of hydrobenzoin and isohydrobonzou. 


BeoxyHensoin or Toluylene Oxide. C»H*-0 (Limpricht a. Schwan- 
ert, Ann. Ch. Vkarm. civ. 69). — This compound, discovered by Zinin in 1860, was 
obtained by the action of zinc and hydr(x?hloric acid on benzoin and on benzilo 
chloride (LviJ Suppl. 382). Limpricht a. .Schwanert believed that they obtained tho 
s.nnie compound by heating toluylenic acetate with alcoholic potash, but they have 
since found that the compound thus obtained is not toluylene oxide but 

toluylene hydrate C“II“0. 

Deoxybeuzuiii is also produced when benzoin is passed over heated zinc-dust» but the 
deoxidatiou soraotiincs goes further, producing toluylene and an oil Isomeric 

therewnth ; and, lastly, it is obtained by heating bromo-toluylene C“H*’B)r with 
water for several liours to 180®-100° in a sealed tube : this last appears to be the most 
convenient mode of preparation. 

The tube u^r cooling is opened (strong pressure sometimes showinff itsielf) ; the 
^ueous liydrobromic acid resulting from the action is decanted from the ciystallino 
aewybenzoin ; and the latter is purified by several rcciystallisations from alcohol. 

Tf in it« properties with that obteined by Zinin. 

sometimes of considerable size, dissolves easily in alcohol iBind 
ether, i^lts at W°-65®, ond may bo distilled without alteration. 

Kadziszowski. deoxybenzoi'n is produced by heating a mixture of hw- 
^enyl-ben^l calcium, whence it appears to have ..the constitutor, of 


CH*(C«H») C-H* 
I + 

COOCa' 




ioocd' 


-cow + 


co( 


CIPCIP 

Off 


(Veut. Ck^ Ges. Ber, vi. 489). 

ic oonTerted, by abstraction of oiW into tolnvleho faU 
J*!****^ sinc-dnst: heated to 180® fey-'i 
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By addition of hydrogen^ deoxybetUBoin is converted into the tvo compounds 
CasH®*©* = 2C“H«0 + H®, and (toluyleno hydrate) = + H*. To 

obtain the former of these compounds, the alcoholic solution of dcoxybenzoi'ii is heated 
for several hours in the water-bath with zinc-ftlings and hydiochlonc acid, then 
filtered ; the filtrate is mixed with water ; and the precipitate, collected after twelve 
hours, is dissolved in alcohol. The resulting solution first deposits the compound 
(r"IF*0® in white shining needles melting at 160°, and afterwai-ds unaltered efeoxy- 
henzoin, finally leaving a viscid mother-liquor. By digesting the alcoholic solution 
of deoxybenzoiii with sodium-amalgam for twenty-four hours in a steam-bath, filter- 
ing, neutralising tlie filtrate with hydrochloric acid, evaporating off the alcohol, and 
mixing the remaining liquid with water, a precipitate is obtained, the alcoholic solution 
of whicli first deposits the compound in small quantity, and then toluyleno 

Iij’drate C“H“0. 

TduyUne hydrate is likewise formed by heating hydrobonzoin or deoxybonzoi'n with 
alcoholic potash or sodium ethylate: 

3Cmh*«0* = 2C»II'«0 + 2C’H'‘0* + IP 
HydrobenzoYn. Toluyleno Benzoic 
hydrate. acid. 

3C»'H*®0 + 2C®IPO = 2C»n»0 + + 11®0 

Beoxybenzotn. Alcohol. Toluyleno 
hydrate. 

and, lastly, as already observed, by heating toluyleno acetate with alcoholic 
potash. 

When, deoxybenzoin is heated in sealed tubes to 160° for three hours with eodium 
clhikitct tube containing 4 grams of deoxybenzoin and a solution of 1 gram of 
^ollillnl in strong alcohol), and the contents of the tubes lire mixed with water after the 
alcohol has been driven off by gcntlo heating, the liquid, after standing forsonio time, 
deposits the toluylene hydrate completely in ciystals. and the filtered mother-liquor 
mixed with hydi-ochloric acid yields the compound If the temperature has not 

been allowed to rise above 160°, tho.so two bodies are the only products obtained, and 
jio pressure is exhibited on opening the tubes ; but if tho temperature has risen to 
100°, slight pressure is perceptible, and if to 170®, a very strong pressure is exerted, 
siiid tho toluyleno hydrate is then for tho most part i-esolved into toluyleno and 
water. 

Toluyleno hydrate forms long, slender, glassy, brittle needles, often radiating from 
a common centre, very soluble in alcohol and ether, insilublo in water, melting 
at. 62°, and distilling without decomposition. Nitric acid of sp. gr. 1-3 con- 
verts it into deoxybenzoin. When bromine is poured upon it, hydrobromic acid is 
evolved, aiid several compounds are formed, among which, only bromotolano C“H»Br. 
could be distinguished with certainty. 

The hydrate heated with dilute sulphuric acid (1 part hydrogen sulphate to 4 parts 
water) is resolved into toluylene (melting at 120°) and water. Tlie same decomposi- 
tion takes place, as already observed, when toluyleno hydrate is heated to 170° with 
alcoholic potash ; but in that case, another reaction seems also to occur, inasmuch as 
oil opening the tube, pressure is exerted, probably resulting from hydrogen. 

Toluyleno hydrate dissolves^ very easily in acetyl chloride, forming acety I-toliiy- 
1 one hydrate 0, which, when the excess of acetyl chloride has been 

cxpellocl by gentle heating, and the hydrochloric acid by leaving tho product for a 
week in a vmmum, is obtained as a colourless viscid liquid. The acetylated com- 
pound dissolves easily in alcohol and ether, distils for tho most part undecdmpose4' 
a small portion only being resolved into acetic acid and toluylene. Heated with: 
a ^ohohe potash, it is quickly resolved into acetic acid and toluylene hydrate, part of 
waich 18 converted into toluylene. By heating to 160° for four hours wiUi a»:ess of 
acrtyl chloride, it is completely resolved into acetic acid and toluylene. ■■ 

«i ■ u C**H**0* is precipitated by hydrochloric acid as a lestnous ihfuss, 

winch dissolves easily in alcohol, and either crystalllseB therefrom vwy qiiicH^ or 
wpnrates by gradual evaporation in the form of an oil, and remains in that Stote for 
Weeks; it may then be made to ciystallise by pouring alcohol upon it and stirring/ 

T ft hot concentrated alcoholic solution it separates in tufts of jbing whito £ 

needles; the crystals formed by slow transformation of tbp dl are often short ^ans-i 
roelto ftt 100° (not jn boiling water, but in an oil-bath heated to 

^ -103°) ; dissolves eamly in other and glacial acetic acid, with moderate: faei|i(7 In 
Much less in cold ucohol; yith yellbw colour in warm / 

^precipitated by water. Sodiuiii carbonate, aminonia, andwilsdMt'Pfe 
it, even when heated, v but it dissolvei in . aleoholio pot^ 

^Pltated thfiviefivmi hv .1^ / 
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not precipitated by neutral lead acetate, or silver nitrate, even on a^ition of 
monia ; mixed with a very small quantity of potash, it gives with silver nitrate a 
brown precipitate of silver oxide. It is not attacked by sodium-amalgam, or when its 
solution in acetic acid i.s boiled with nitric acid. Bromine acts on the free compound 
and on the solution in acetic acid, forming ciystallino and oily products. Heated to 
180° with fuming hyrlrochloric acid, or boiled for two hours with dilute sulphuric acid, 
it forms a brown oil easily soluble in alcohol ; water slowly added to tho alcoholic 
sohition throws down a brown resin, and the liquid decanted therefrom yields pris- 
matic crystals which have likuwi.se tho composition but melt at 132°, 

Bromodeoxybensoin or Bromotoluylene Oxide, C“H”BrO, is formed by 
adding 1 mol. broiiiinu to 1 mol. deoxybenzoin in ethereal solution. . On distilling off 
the ether, a large quantity of hj-drobrojuic acid is given off, and the oily residuo 
solidifies after some time to a crystalline mass. Tho alcoholic solution of this pro- 
duct slowly deposits drops of oil, which on immersing the vessel in ice, are converted 
into white nodular crystals. 

Bromodeoxybenzoi'u dissolves easily in ether and hot alcohol, melts at 60°, and 
turns yellow at 100°. When it is heated with water to 160°, or with nlci^olic potash to 
160°, or when its alcoholic solution is digested with sodium-amalgam or mixed with 
silver nitrate, the whole of the bromine is removed. 

By completely precipitating tho alcoholic solution with silver nitrate, removing tho 
excess of silver with hydrochloric acid, neutralising the filtrate with sodium carbonate, 
evaporating, mixing tho residue with water, dissolving the precipitate in alcohol, and 
leaving the alcoholic solution to evaporate, an oil is obtained having the composition 
of benzoin, C"H'*0-. Its formation is represented by the equation : 

C>*H»BrO + AgNO* + H^O == + AgBr + HNO». 


It does not appear, however, to bo a definite compound, for after some days it dc- 
po.sita crystals of benzile in large quantity, leaving an oil which remains liquid 
for several months. 

Bromodeoxybenzoiii lieatcd with water to 160° yields benzile, deoxybenzoin and 
hydrogen bromide : 

2C“H‘*BrO + H*0 « + 2HBr. 

The products obtained by heating it with alcoholic potash to 160°, or by digesting 
its alcoholic solution with sodium-amalgam, have not boon examined. 

Bibromodeoxyhenso'in C“H'«Br-0. analogous to chlorobcnzilo C”H*®C1*0, is 
tho compound which Zinin obtained by dropping bromine into fused deoxybenzoin 
{Ui Suppl, 332). It is likewise obtained by adding bromine in excess to tho ethereal 
solution of the lattor. It crystallises in hard perfectly white prisms ; dissolves easily 
in ether and in hotalcohol, sparingly in cold alcohol; melts at 110°-112°(at 87° accor- 
ding to Zinin) and turns brown at 200°. Silver nitrate :uldcd to tho alcoholic solution 
removes all the bromine and forms benzile. Heated with water to 160° it is com- 
pletely resolved into hydrogen bromide and benzile : C“H*®Br»0 + H*0 « QTrar + 
C»H*«0*. On troatiiig tho alcoholic solution with hydrochloric acid and zinc, filtering 
after four hours, and adding water, a precipitate is obbiined, tho alcoholic solution of 

which deposits crystals of deoxybenzoin and hydrobeuzoin, 
Acetyl-deoxybemotnorAcetyl-toluylene Oxide, C'*K^H(Pn*0)0 is obtained 
by heating bromotoluylone C‘«II“Bc (Ui S%ppU 1107) to 130?-140° with silver acetate 
and glacml wctic. On filtering after eight hours, distilling off tho greater of 
the acetic acid, and adding water, a brown syrup is precipitated which separatM from 

tendency to crystallise. It is decompOBe^ by 
distillation oven m a vacuum, deoxybenzoin passing over, and a considerable rwinoue 
residue beang left. The acotyl-compoimd is slowly decomposed by water at 200° yieidr 
dogixybonzom and acetic acid : r j ' , 

C**H"(C*1P0)0 + H*0 = C**H>*0 + C*H«0*. 
lulled with alcoholic potash, it yields potassium acetate and tolane : 

C?<H»(C*H*0)0 + KHO ** + (?WKO + H*0. 

above describod are produced by the 


? • ^> 1 ? 5“®® that aliove described are produced by the aKiitki^^^ 

mluto acid on the several modifications of thealcSidl 

melts at 96°, and the same modification is obtained fironi 



BENZOIN. 


175 


alcoholi together with another which is an oily liquid. Stilbcno alcohol (Zinin's 
bydrobenzoin) yields an oxide melting at 125^. 

ConstUvticn of Bcfisom and its Derivatives , — The constitution of these compounds 
hns been rariously represented by different chemists, the main point of discussion being 
whether the two phenyl-atonis contained in them are attached to the same or to dif- 
ferent carbon-atoms. Limpricht a. Schwanert, as well as Grimaux, in 186 7. proposed 
CH C*H* ) » t Jr 

for dcoxybenzoiu, the formula (ijj’Qeg* ( was afterwards adopted by Kekul6 

in 1860. Stadeler, in tlio same year (Ann. Ch. Pharm, cli. 467)i proposed for this 

compound the formula O , in which the two phenyl-atoms are attached 

to the same atom of carbon; and this forxhula has subsequently been adopted by 
Limpricht a. Schwanert (ibid. civ. 74), in preference to their own, mainly on account 
of the relation of dcoxybenzoin to benzilic acid, which they regard as diphenyl-gl^collic 

acid, I (p. 168). 

GOOH 

The formulse of the principal compounds of the series, according to this view, are 
iis follow : — 

C(C«H*)*OH 


Benzilic acid | 


Dcoxybenzoin 


COOH 

C(C«H*)* 


C(C*H‘)‘OH 
Hydrobenzoin I 

CH=*OH 


C((yipy 

Benzile 

C(C“H»)*OH 
Benzoin I 

COH 

Stilbene C(C«H*)» 
(Toluyleno) 


But the formula thus assigned to stilbcno is not consistent, either witli its formation 
from the sulphides of benzyl (ls< Suppl. 1107), or with its conversion into dibenzyl 
— CH* — CH* — C*H*, by heating with hydriodic acid. Both these reactions, indeed, 
lead to the formula C®H* — CH=CH — C*n* for stilbene; thus its formation from 
benzyl sulphide is represented by the equation : 


NcH*(C*H*) 


+ II 


The formation of benzoin or of hydrobenzoin from bitter-almond oil is likewise incon- 
sistent with StadeWs formula, inasmuch as, in so oasya transformation, it is difficult 
to imagine that two atoms of phenyl, originadly belonging to two diffi^rent molecules 
of bitter-almond oil, should attach themselves to the same atom of carbon. 

To throw further light on tliis question Zindco {Deut. Chem. Goa. Bar. v. 886) has 
examined the piquets of oxidation of stUbeno, benzoin and benzile. Stilbene oxidised 
with chromic acid mixture, is converted into benzoic aldehyde and benzoic acid. Tlie 
jpF^ction qf the^ former of these compounds from stilb^e, regarded as — 
LH— CH — C*H*, is easily explained, the introduction of 2 at. oxygen splitting 
the molecule up into two molecules of benzoic aldehyde C*H*0, part of which is then 
further oxidised to benzoic acid. Benzoin similarly treated is likewise oxidised to 
nenzoic aldehyde and acid; also by potassium permanganate, whereas nitric aefd 
arsomc acid do not act upon it. Benzile is somewhat less readily oxidised than ai^. 
hene or benzoin ; but by continued heating with the oxidising mixture, it is fUniUlV;; . 
converted into benzoic acid. , Uo 

results are lik^se inconsistent with Stadeler's formula, according to|»i<m : 
^0 bodies above mentioned should be converted by oxidation into bonnoweabnd eV' 
diphenyl ketone CO(C*H»)». ^ 

The following formulcs are regarded bjr Zi^e as most in accozdiKnee wit^ knhwii ' 

reactions and modes of formation of these bodies ' 




HOH 


Benioim 

C-H*— Or^H 


CW— OHOB 


COT 
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Bonslle 


C»H»— C 



Stllbene 

CH 


C-n*— CH 


On the othop hand, the mode of formation of deoxybenzoin obsen'ed by Badzig. 
zew8ld(p. 173), leads to the inference that this body and its congeners should be 
represented by ketonic formula, tlius : 


Hyarobenzoi'n. 

G'H» 

Ik'nzoYn. 

C«IP 

I 

Deoxybenzoin. 

C«J1" 

1 

Bcnzile. 

C«H* 

1 

1 

CH(OH) 

CH(OH) 

1 

CH= 

1 

CO 

1 

IlHCOH) 

CO 

1 

CO 

] 

CO 

C!‘H* 


C»IP 

1 


HydrobenzoVn and isohydrobenzohi appear. to bo chemically identical, inasmuch as 
they yield the same chloride when treated with phosphorus pcntachlorido (Zincko.) 
The mf;difications of - liydrobcuzoin and deoxybenzoin described by Limpricht a. 
Sehwancrfc- supposing their existence to be esbiblished— are perhaps also merely 
physical modifications. 

asnrZOPHfiNONE or BZPBSUrTE XBTONB, = CO(C''H*)« 

may be produced by the action of benzovl chloride on mcrcury-dinhcnvl fOtto! 
./.pr. Chem. [2] i. Ml): “ ^ 

(C«n»)2Hg + 2C«II-COCl = IlgCl* + 2CO(C«H»)®. 

A new modification of bonzophenono is obtained by the oxidation of diphenyl- 
methane, CH‘(C“H'‘)*, It is first obtained as an oily liquid, which, on standing in 
the cold, deposits large, transparent, apparently monoclinic crystals, having great 
resemblance to Iceland spar; they melt at 26®-26‘=’'6 to a clear liquid which boils 
constantly at 300®. The same modification of benzophenono is obtained as a by- 
product in the preparation of methyl-phenyl ketone. After some time the transparont 
crystals change their appearance; they become milk-white, and this change is 
accolOTated by touching or gently warming them. They then melt at 48®-49®, being 
tranrformed into common rhombic benzophenono, which is the more stable form of the 
two (Zincke, Deut. Chem. Ges. Ber. iv. §76). 

Bonrophonone heated to 180“ with excess of piospiorut pentaeUoride, forms 
diphonyl-dichloromethano C(C*n‘)=CP, which, however, cannot bo obtained 
pure, as It isdecompos^ by heat, and by tlio addon of water. When freed by wanning 
from phosphonis oxycUondo, and then treated with finely divided silver, it ^el* 
tetraphenyl-ethylone C«(C-H*)'. which separates from solution in St S 
in spicular crystals melUng at 221°. (Behr, Ikut. Chem. Get. Ser. iii. 761).. 

aomcopBiwoira-BnvBOHxo Acn>. C'»H'*s»0» - Co|^]g^ 

wr.frf altcrationin cold sulphuric acid and isnmr^pitated 
i' “ if fuming sulphuric acul be used, a 

sulpbomo acid la formed which yields readily soluble potassium md sodium salts, md 

a sparingly solublocrystallino anhydrous barium salt, Co|5SI|XBa; a small qnan- 

With to 

oiJmtrl?*™.” “ “Mil q»a»tiity of phenol, a Into 

C{)(CH<SO»K)« + 3KOH .. + c*H»0H + 21P80*, ; 

^ tho principal Prodnet shows that *W 

}. cLt^frTmT^ ^ ’’ ^ toSelroup CO (Stidel, ^6^. . 

SSHCon oBftOUSB. See Bairaoio Chmeuib, (p. 168). 

*nnon4iaifxoxo aoib. c«h“o* ■ c*h*— oo— CH t— cd^iC^f* 
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Il'clitcr, J)cuL Chem. Ges. JBer, iv. 450). — ^Produced ' by oxidising beni^l-toliiene 
Cn* — C®ir(CII*) with chromic acid, the hydrocarbon being first converted into 
jiicthyl-benzophenono or tolyl-phenyl ketone C*H^ — CO — C*H^(CtI*), the greater part 
ul' which is then further oxidised to benzoyl-benzoic acid. 

On adding an acid to a cold solution of one its salts, the benzoyl-benzoic acid 
flcpnratos ns a gelatinous precipitate ; from a hot solution it is obtained in the form 
of small silky needles. It is sparingly soluble in cold water, in chloroform, benzene, 
and toluene, a little more in liot water; in ether, alcohol, and glacial acetic acid it 
dissolves readily, less easily in dilute alcohol. Prom hot dilute alcohol or chloroform 
it crystallises in thin plates having a satiny lustre; from dilute acetic acid it separates 
in thin long needles. It melts at 194°-195‘^, and sublimes at a higher temperature 
in largo needles very much like sublimed benzoic acid. The barium salt Ba(C‘*H*0’)* 
+ crystallises from a hot aqueous solution in ramified needles, which become 
anhydrous at 150*^-160^. On evaporating a saturated solution, tbo salt crystallises in 
.'inhydrous plates. The cafcwm saW Ca(C'*H*0*)* + 2BPO crystallises in needles like 
the barium salt, but is more soluble. The silver salt AgC**H®0* is a white precipitate, 
soluble in large (quantities of hot water. 

Bonzoyl-benzoic acid is at the same time a ketone. On boiling its alcoholic solu- 
tion with zinc and hydrochloric acid, it takes up hydrogen, being converted into 
bonzhydryl -benzoic acid, C*H* — CHOH — C“H* — CO®H, which is much more 
rondily soluble in water and dilute alcohol than benzoylbenzoie acid. It crystallises 
in raniifiod needles, melts at 164^-165^, and is decomposed at a higher temperature, 
liy oxidising agents it is easily reconverted into benzoyl-benzoic acid. • lihe barium 
salt Bii(C“H"0*)* forms long hard needles grouped in stars* the calcium salt 
C!i(C*^II"0“)* + 3IPO ciystallisosin white needles resembling wavellite. The silver 
salt AgC'^H^'O* is a white precipitate sparingly soluble in boiling -water. 

Bopzhydrylbenzoic acid has the same composition as benzilic acid, but these two 
nckls are not identical. ^ 

^yllon benzhydryl-bonzoic acid is heated with concentrated hydriodic acid to 150^ 
for some hours, it is transformed into bouzyl-henzoic acid, — CH* — CW — 

CO'II, which is also obtained, besides other products, by acting on the hydrocarbon 
with dilute nitric acid. This acid is sparingly soluble in cold water; from a hot 
solution it crystallises in microscopic noodles ; from dilute alcohol in larger needles 
or plates with a satiny lustre. It molts at 164®-155®, and sublimes like benzoyl- 
bi-nzoic acid. 

The barium salt Ba(C*^H“0*)® is sparingly soluble, and forms dystallino crusts. 
Tiho calcium salt Ca(C“H"0*)* has similar properties, and tiie silver salt is a white 
pr(H|ipitato. By oxidising agents it is reconverted into benzoylbenzoie aci(L On 
Hubjecting the calcium salt to distillation, diphcnylmcthnno is produced. 

BawXOT&-SinLPBO]no Acn». C0--S04H.-pThisacid, 

isomeric with sulphobonzoic acid, is obtained by the action of sulfuric add in excess 
on benzoyl chloride. It czystallises in prisms, and is decomposed by water, yielding n 
large quantity of benzoic acid. By keeping, and more quickly by^ heating, it is con- 
vert^ into sulphobenzoio acid, which may accordingly be conveniently j^epared by 
heating benzoyl chloride with excess of sulphuric acid (Oppenheim, Deut. Chem, Ges, 
Ber, iii. 736). 

Bann, or BiaSHB’n, C'*H**f passed in the state of vapour through 
rod-hot tubes three feet long filled with pumice, is resolved into toluene and 
toluylene (stilbone), - aC*!!* + C**II» (Otto a. Droher, Ann, Ch. Pharni, 

cliv. 176), 

Stilbene is also fanned in considerable quantity, together with another hvdrocjiffbon 
jot yet isolated, when dibemiyl vapour is passed over heated lead oxide (Behs a., vaa 
Borp, Peut. Chem, Ges, Bcr, vi. 763). 

BBHBn A&OOBOB. C’HH) ■■ Eachler {J,pr, CX^ evif.. 

307) prepay this alcohol from Peru balsam by the following process This ba^^i 
which consists essentially of benayl cinnamate, together with cinnamicaoid and resiniaj 
IS shaken with twice its volume of concentrated alc(fiioliep(^h (whereupon po^sium 
Mnzoate separates), then with warm water, and the sepaiatea oil xa heaw ‘^th 
lour times its volume of aqueous potash of sp. gr. 1*3, till the layers pateviouslj sepa- 
rated have dissolved to a clear liquid. The ozivtals which separate oli cooling . ^ 
pressed, aiid the liquid is fluted and bmled, whereupon the Doniiyl 
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alcohol, Lolling at 20o'»-207°. xylyl alcohol C«IP®0 LoiHng at 217®, and other 
products (LauLeiihoimer, Ann. Ch. Pkarm. clxiv. 289). boe Stoaax. 

Action of Cuanoqm Cldoridc on Pentyl gaseous cyanogen ^loiido 

liquefied by cooling, is mixed in tubes drawn out in the middle (for convenience of 
Hewing) and immersed in a freezing mixture with bonzylic alcohol, in the proportion 
of CNCl to 2C'H’^0, and tlio tubes, after being sealed, are exposed for an hour or 
two to the temperature of the air, the contents become hot and acquire a yellowish 
colour, and, on subsequent cooling, solidify to a crystalline mass, mixed in the lower 
parts with a small quantity of white amorjihous substance. If the tubes bo theii 
opened (after again immersing them in the freezing mixture to prevent loss from pro- 
jection) and the contents, liquefied hy gentle warming, are poured into a flask and 
distilled under a pressure of about 10 mm., first in the water-bath and finally in a 
Imth of salt water, benzyl chloride passes over, and the residue solidifies to a crystal- 
line mass contfiining benzyl carbamate, which may be purified by repeated crystal- 
lisation from ether till it dissolves completely therein, and finally by crystallisation 
from boiling water. The matter insoluble in ether (the white amorphous substance 
above mentioned), consists of sal-ammoniac, and an organic substance insoluble in 
water, alcohol, and ether, slightly soluble in carbon sulphide. 

If an excess of cyanogen chloride bo added, tlie reaction takes place in the same 
W'«y, tho.cj^cess partly remainiug unaltered, and being partly converted into solid 
cya'iiogcn chloride ; a small quantity of hydrochloric acid is also frequently evolved. 

The principal and final action of gaseous cyanogen chloride on benzyl alcohol may 
therefore bo represented by the following equation : — 


20^1*0 + CNCl = CO |o^g, + C'H'Cl. 

Beiissyl Cranof^n ]3cnzyl ]3enzyl 

alcohol. cruoride. carbamate. chlnri^. 


The same products are obtained with solid cyanogen chloride. When this substance 
is triturated in a mortar with benzyl alcohol, added drop by drop till the proportion 
amounts to C’N*C1" to 6C’H“0, tlio reaction commences with evolution of heat, a small 
qiuintity of hydrochloric acid being given off beforo the whole of the benzyl alcohol 
has been added ; and on placing the mortar, after the reaction is terminated, in a 
steam-bath, decanting the liquid portion of the contoiits into a flask, and distilling as 
above, benzyl chloride passes over and benzyl carbamate reuiaiiis behind. The 
solid residue in the mortar yields to clher another portion of the carbamate, and tlio 
portion insoluble in ether conkiius sal-ammoniac, together, with a white substance 
slightly soluble in boiling water, crystallising therefrom in gelatinous flocks, and very 
similar in appearance to the substanco which Habich obtained in preparing cyanuric 
acid by heating urea. 

Solid cyanogen chloride heated with benzyl alcohol to higher temperatures (180®- 
200°) yields, in addition to Ix’nzyl chloride aud sal-ammoniac, two crystalline 'sub- 
stances and scarcely a trace of bcnzylic carbamate. By repeated ciystallisation 
from alcohol and ether, tlieso two bodies are obtained, the one in slender, flexible, 
dazzling-white needles, melting at about 163°, and having nearly the composition of 
benzyl cyanato or cyaiiurate ; the other in liard yollowish prisms, melting at about 
143 , and containing about 76-76 p.c. carbon, 6’1 hydrogen, and 11*2 nitrogen, a 
composition agreeing approximately with the formula C*»H“N*0. This latter sub- 
HtMco, treated with potash, yields a liquid base resembling dibenzylamiue in odewff 
and appearance (Cannizzaro, Gacsetta chimica italiana, i. 33). 

Action of Urea Nitrate, The products of this reaction vary according to the tempo* 
tature. When the two substances are heated together in a water-bath, or to iuay 
temperature below 120°, the chief products are di benzyl urea, CH*(C’Hn*N*0^ 
identical with that which Cannizzaro obtained by the action of potassium cyanato, 
benzol chlonue and benzoic aldehyde; but when the temperature of the miliuTO 
is raised tol30 -140°, the chief product is benzyl carbamate, together with a 
quantity of another substance insoluble in cold ether, soluble in very strong’ oicbbol 
and in boiling ether, from which it separates in crystals melting at 131?-133?'6f 
Tills proceM cannot, however, be recommended for the preparation either of.dibfini£|^ 
urea or of benzyl carbamate, as the product in either case is but in propol^^ 

«>^i8umed (Campisi a. Amato, Oaciittar^^ 

an»% eMOAMATa or awxTa.itBaxvAar& : 

^ oompQund.'wUother preparrd with g&i^w w wiUiMlid^^fl^^’. 
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chloride, crystallises in beautiful transparent colourless lamins, melting at 86°, mode- 
Tsitoly soluble in warm water, from which it crystallises on cooling, more solublo in 
other, extremely soluble in alcohol. When it is heated in a retort to 200°-230°, a 
very small portion^ sublimes uualtcred, but the greater part is resolved into bensyl 
alcohol and cyanuric acid : 

s 3C'H"0 + C*lOH>0>. 

(Cannizzaro, loc. cti.) 

nmzn CB&ORXBJB. CrH'Cl « C«H^CH*C1.— This compound, heated in a 
sealed tube with sodium thiosulphate, yields a thick brownish oil, wliich contains 
a large quantity of sulphur, smells faintly of bitter-almond oil, and when distilled, 
gives off hydrogen sulphido, small quantities of benzyl sulphydrato, and toluene, but 
chiefly toluylcnc_ (stilbene). On raising it to a very high temperature, thiouessal and 
tt)lyl-allyl sulphide distil over. Now as these products are formed by the decompo- 
sition of the sulphido and sulphydrato of benzyl (Ist SuppL 1087), it may bo inferred 
that these laUcr compounds aro the primary products of the action of sodium thio- 
sulphate on benzyl chloride (R. Otto, Zeitschr.f, Cham, vi. 26). 

Jloiizyl chloride boated with ethylic chlorocarbonato an<l sudium-amalgam is con- 
verted into dibonzyl-carbonylic acid C**II**0*. The reaction apparently takes 
place by two stages, two molecules of benzyl dilorido uniting together, with olimi- 

c«n\cip 

nation of ITCl, to form chloro-dibenzyl | , and this compound being con- 

c^H^.cnci 

v( i*tod by the joint action of the sodium and tho chlorocarbouic ether into cthylic 

(libciizylcarbonylnte | (Wurtz, Compt. rend, Ixx. 350). 

C«n“.CH.C0*(C2H») 

BEBZVXi CTAjnSS. B3BBZVB.TZVB8 OP* (Cznmpilek, Deut, Chem, Ges, 
her. iii. 472). Nitroheneyl Cyanide, C*H*NO* == C«IP(NO=).CH*CN.— This 
coinpoiind is produced by dropping benzyl cyanide (prepared by repeatedly distilling 
boTizyl chloriae witli alcoholic potassium cyanide) into fuming nitric acid contained in 
a cooled vessel. On leaving the liqtud to stand over-night, and then pouring it into 
water, the nitro-compound separates as an oily hotly, which soon solidifles in Crystals ; 
it may bo purified by washing it, first with Avator, then on a filter with cold cdcohol, 
nncl dissolving it in boiling alcohol, whence it crystallisos on cooling in long needles, 
Avhidi turn red in an alcoholic solution of potash or soda, the colour being changed to 
green by acids. 

Amidobensyl Cyanide, C®H®N' = C*H^(N1P).CII“CN, is obtained as a hydro- 
chloride by treating tho nitro-eyanido with tin and hydrochloric acid, decomposing tlio 
resulting tin-compound with hydrogen sulphide, and concentrating the filte^ liquid, 
l^ie ht/drochloride C’*H*N^.HC1 then .separates in beautiful tablets, sparingly solublo 
solublo in liot alcohol. Tho platino-cKloride lias tho composition 
2,C"H“NM£Cl).PtCl^ Tlio base C"!!*®*, obtained by decomposing tho hydrochlorido 
wirli soda-loy, agitating with other, ond evaporating, forms concentric groups of scaly 
crystals ; from Avnter it separates as an oil. 

The corresponding aso-compound appears to be formed by treating nitrobenzyl 
cyanide <li.s8olved in absolute alcohol with sodium-amalgam ; the liquid turns red, and 
after a while acquires a fine blue colour. 

XOBXBB, C®H*.CH=I. — ^Produced by the prolonged action of hydriodie 
nod of sp. gp. 1*06 on benzyl chloride at ordin^f^ temperatures ; at 120°-140°, the 
priKluct consists of toluene and oils boiling above 280°. Tlio iodide forme colourless 
crista Is, having at 25° a sp. gr. of 1'7335, compared with water at the same temperar 
lure; itnmlts at 24*1° contracts in solidifying, does hot volatilise without decomposition. 
X IS solublo in ether, carbon sulphide, and alcohol (slightly at 0°), insoluble in water, 
its yapow excites tears. By silver acetate at ordifiary temperatures it is immediately 
converted into benzyl acetate, and with alcoholic iUhmonia it quickly yields crystals of 
ri icnzylamino (melting at 92°), while the hydriodides of mono- dnd dibom^lSmine 
remain m solution (Lieben, ZeiUchr, f, Chem, [2] vi. 786). 

■■■*■»* xaocnrjurAxa and isocrrAaiisAn^ and 

, Ckm, 8oc. J, [2] X, 446). These ethers are produced by the ocftion of 

^ heij^yl chloride. On heaUng these substancse together itt a paralRh- 

aui, the isocyanate distils over as acdouxlesstransparent liquid j and, oh heatiiig the 
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Temarader over a naked flame, the isocyanurato passes over os a yellowisli oily liquid, 
which solidifies, on cooling, to a hard crystalline mass. 

The isocyanurate has an excessively pungent odour, ana its vapour causes tuo eves 
to smart puiiifally. It hoila between 175° und 200°, but cannot bo completely freed by 
distillation from benzyl chloride, which boils at 175°. Alcoliolic ammonia converts 

the isocyanate into bonzyl-ui*e!i.. 

The isocyanurate N*(CO)XC'H0® product of the reaction above 

mentioned. It dissolves slowly in hot jilcohol, and separates on cooling in beautiful 
light silky needles. It is insoluble in water ; dissolves with difficulty in ether, more 
readily in alcohol ; melts at 157°, and boils at a. tymperature above 320°. Uy repeated 
sublimation in a tube, it is coriverlcd into the isocyanate; when fused with caustic 
potash, it yields potassium curboiiate and bcuzyl.imine : 

N*(CO)“(C’H’)“ + CKHO - 3NH'(C'H’) + 3K=*CO®. 

The solid substance melting at fiboiit 15.3°, which Cannizzaro obtained, as above 
montioned, among the products of tho action of solid c^mnogen chloride on benzyl 
alcohol, was perhaps also the isocyanur.itc. 

mmm xstostss. Sco 

BBirzn OBTOE»r*BTB£M. (Sintenis, JDcuL Chenu Ges. Bcr, iv. 900). 
— TJiese ethers treated wth ehloriiio or bromine are decomposed, without forma- 
tion of siihstitution-producls. lUuizyhnneihyl oxufe C"IP.CIi‘‘*.OCH® and henzyl-cthyl 
oxide C“H*.CH“.OC*-ll*, treated wdth dry chlorine in tlio cold, yield benzoic aldehyde, 
hydrothloric acid, and cliloride of metlij-l or ethyl; and cldorohmzyl^ethyl oxid^ 
C^H*'C1.0C‘‘‘II^ is decomposed into chlorobcnzoic ahlchytle, 0^11*^010, cnntl ethyl chloride. 
By tho action of chlorine at tho boiling heat, the methyl and ethyl ethers yield methyl 
or ethyl chloride and benzoyl chloride, and chlorobenzyl -ethyl oxido splits up into 
clilorobenzoyl chloride and ethyl chloride : 

C*H<C1.CH* OC^H* + Cl< = C«H<Cl.COCl + (yH^Cl + 2HCI. 


When bcn 2 yl-ethyl oxido is acted upon by chlorine in presence of iodine, the products 
are ethyl iodide and monochlorobcnzoy*! chloride, which by oxidation is converted into 
parochlorobenzoic acid. 


Bcnzyl-'plusnyl oxide^ C*JP.CII®.0C®1I*, prepared by heating an alcoholic solution of 
benzyl chloride with potassium pheuate, is also (locompo.sed by cJilorine or bromine, 
which, when acting in the cold, yield trichlorophcnol or tribromoplicnol and beiu^l 
chloride or bromide. As a similar decomposition takes place when only one moleculo 
of^lorine or bromine is used, it is obvious that, in the first stage of tho reaction, a 
substituted ether is formed, whicli is furfclicr decomposed by tho hydracid prodiuwi, 
just as the anisols arc split up by the action of hydriodic acid ; and indeed by beating 
fOTm^d with hydrochloric acid to 100°, benzyl chloride and phenol were 


To o^in substitution-pr^ucts, it is therefore necessary to remove tho acid as fioon 
as It IS formed, which is easily cfiectcd by adding mercuric oxide. By adding bromine 
to an alcoholic sohition of the ether in which freshly precipitated mercuric oxide U 
^I»Dded, benzyl-bromophenyl oxido C«H» CIP.OC-H^Br is formed. This compound 
mystalhses from alcohol in long white needles melting at S9°-69*6°r it is not acted 
A® 5?; ^ ® cUorino under the some conditio^ 

ether, C^^CH».OC•H^Cl, is obtained, udiich forms long needles mdti^ 


nwsn avusoOTAHAVa. CH’NS =. S ; metamerietritliheittai- 

SulphoCMWinideN|^,(l,i lose), is formed by heating benqrlchloind*^ 

in presence of alcohol in a.tmH 
condenser. When rocrystallised from alcohol, it forms large triWMP«P“ 
“ 'oW alcohol, easily i^liot 

me^mettaat -f* . ^<1 bmlii, with partial decomposition at 266»Tl)eiisyl‘WWiO' 
caAimide boils at 248"). It naites lapfdiy with dry |LoMh^XaTSdS&- 
mg a crystallised compoand. insoltiblo in ether and instantly^ deewmosed 

Euming nitric add conrorts it into m'trodeneyl mlphoegatutte, 8 ' ’ 


,(ar , 


Slum 


heating nitrobenigrl chloride 

wapJioqraJiate m the nuurner ahore des^bed. It ctystiilisw 
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solution in small brittle needles, -vrliich volatilise at about 70^, but decompose \rlien 
liojitcd before they distil (L. Henry, Zeitschr.f. Chei7i. vi. 207). 

ntMASm (Cannizzaro, Gascetia ckimica iidliam, ii. 41. — Letts, 
Chem- [2] 440). Monobcnsyl-urea CH*(C’H^)N=0 and DihenzyUurea 

CIl‘(C’H')'‘*N-’0 are pro«luced simultaneously when benzyl chloride and potassium 
cyanato in alcoholic solution are continuously heated in an apparatus witli reversed 

conileusor. ^ ..... 

On distilling off the alcohol and treating tho residue with boiling water, an oily 
Eiubstanco sopdrates, wJiicli, on cooling, solidities to a crystallino mass containing 
JihoTizyl-urea. The aqueous solution contains tho potassium chloride formed in the 
reaction, Uio carboiuito resulting from decomposition of the cyanate, and monoben^l- 
urea ; and on evaporating this solution to tlryness over the water-bath, treating flie 
residue with a large quantity of ether, and distilling off the ether, the monoben 2 yl- 
mva remains behind, and may ho piu’itied, by rocrystallisation, either from water or 
from alcohol. Tho two bcnzyl-urcas may likewise bo obtained with tolerable facility 
ly iieating urea, benzyl chloride, and alcohol t(^othcr in an apparatus with reversed 
coiKlenser, then distilling off the alcohol, and treating the residue with water. Tho 
(libciizyl-iu*ea is contained in tho oily insoluble portion of the product, while the 
3uo!iobenzyl-urea ilissolvcs in the water, and may bo sopiirated and purified as above 
(Cannizzaro). 

Monoheuzyl-urea is also produced by tho action of alcoholic ammonia on benzyl 
i;:;oc 3 ’{inate, and dibenzyl-urea by heating the same compound to 100® with water in 
a sealed tube (Letts) : 

2N(CO)(OTr) + H-0 = CO* + N*(CO)(C»H')*n*. 

. Monobcnzyl-urea crystallises in long white needles moderately soluble in water and 
in alcohol, more soluble at high tliaii at low temperatures, freely soluble in ether. It 
iiults at 147®-147'5°, but begins at tho same time to give off ammonia, and after 
being once fused, melts at a lower temperature (Cannizzaro). According to Letts, 
it melt s at 144°. Heated to about 200°, it slowly gives off ammonia, and yields a 
white sublimate, which crystallises from alcohol in white needles having the appear* 
aiicc, composition and molting point of dibenzyl -urea (Cannizzaro). 

Dibenzyl-uroa is insoluble in water, but dissolves very easily in alcohol, from which 
it crystallises in beautiful w’hito needles, molting at 167°. Both dibenzyl- and mono- 
i>rnzyl-uroa form crystallino platiiiochlorides, but no solid compounds with nitric or 
lyilrochloric acid (Letts). 

Vhcnyl-hmsyl-urea^ ClI*(C®H*)(C^ir)N*0. — A mixture of benzyl isocyanate and 
niiilino becomes hot and solidifies on cooling to a brown crystalline mass of phenyl- 
bcijzyl-urca, which, when purified by rcciystallis^ition from alcohol, forms white 
nccillus melting at 168°. This compound is insoluble in water, and in hydrochloric 
aciil, and forms an insolublo platinum salt, but not a crystallisable nitrate. When 
heated, it gives off pungent fumes of benzyl isocyanate (Letts). 

BBl(rZTKAlinVB,C’H*N » C<‘n\CH*NH*. (Strakosch, Chem. Ges.B€r.Y, 
602). — The decomposition of isocyanate or isocyanurate of benzyl (p. 180) with, potash, 
affords tho means of preparing this base more readily than by the former mewod of 
heating bens^l chloride with alcoholic ammonia {l8t SuppL 336). The product 
ohtainfri by boating benzyl chloride with silver cyanate is distilled, and the distillate, 
consisting of a mixture of the isc^anato and isocyanurate, is digested with caustic potash 
and subjected to distillation, product generally contains some di- and tri-benzy- 
liiniinc, owing to the presence of undecomposed benzyl chloride. To purifjr it, the 
distillate is treated with hot hydrochloric acid ; j^-bom^lamine hydrochloride then 
i^mains undissolved, while the aibenj^lamino salt soon crystallises out. The solution 
is tlioii decomposed by caustic potash, and the base dried over solid potash, Ben^* 
laniine boils constantly at 186°. 


BeHwtivea of Befigylamin$, 

Cyanbenzylamine, (0*H*.HH*)*f CN)’, is produced by passing ^nogsn-gas inta a 
•J>ld solution of behzylamino. when recrystallised from alcohol, it fionim cedmudeM* 
diining crystals melting at 140°. Jt is insoluble in water, but dis^lves in alcohol 
ind ether. Tho hydrochloride (C’H’i^*)^rCN}* 2HC1 erystallises in white silkv 
loedles 8olub}e in water and alcohol, and forms a crptalline plarinumi^com^hna. 
Cyanbenz^dainihe. heated for some time with hydrochloric ari^ is cohyerM inta 
lenzyloxamide, dibenzyloxamJde, and, on continued heating, even into oiamide. 
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D\bmgyloxamiie, CQ N(C»H')Il}* obtained by boiling benzylamine 

171111 oxalic ether. It cTystalliscs from boiling alcohol in ivhito silky scales, dissolving 
sparingly in hut alcohol, but not in -water and otlier ; it molts at 216°. 

CyanbemylamiiUy C'1I'.NH.CN, is obtained by passing dry cyanogen chloride into 
a cold ethereal solution of anhydrous benzylamine. Tlio satura ted solution is filtered 
from the benzylamine hydrochloride, the ether evaporated, and the residue placed in 
11 vacuum. When rccrystallisod from ether, it forms transparent plates molting ut 
33° ; it is readily soluble in alcohol and ether, but insnlublo in water. It does net 
combine with hydrochloric acid ; on boiling it with this acid or with water, it is 
converted into monohonzyl-urea : 


0'H».Nir.CN + IFO = C»n'.NH.CO.NH» 

Trihenzyhielamine or Tricyantribenzyltriamine, (C'H')*(NH)*(CN)*, — Cyanhenzyl. 
amide soon undergoes polymerisation, even when ke 2 )t in closed vessels or in a 
vacuum ; the crystals molt, lornring a heavy liquid which after some time becomos 
viscid, and at last solidifies; this transformation takes place more quickly on a wator- 
batli. On treating the product with hydrochloric acid, the hydrochloride 
(C'H')’(NH)"(CN)*.21IC1, is formed, which is sparingly soluble in water, more freely 
in alcohol and ether, and crystallises in needles. The free base obtiined by decom- 
posing this salt, dissolves in water and alcohol, crystallises in lamimB, melts at a much 
higher temperaturo than cyaiibeiizvlaniido, and forms a platino-chlorido 
fNlI.C’n’ 

Dihemylgiuinidiney C«| NH . — The hydrochloride of this base is produced bv 

LNir.C’lI’ ^ 

Imiling nn iilcoliolic elution of cyanbonzykmido and ^nqrlamino hydrochloi-ide 
and tlio Iree baso is fomed by tha action of dry cysinogon chlorido UMn pure dr/ 
knzylaminB. Tho liydrodilorido crystallUcs in laminie, melting at 176° and 
diMiolying sparingly in witor, moro readily in alcohol ; with pbitinic chlorido it’forms 
a crystalline doublayiajt. By adding soda-solution to a solution of tho hydrochlorido 
the haro is procipibited ns an oil which soon solidifies, and crystallises from alcoliol in 
Md^e^e” dissolving freely in water, alcohol! 

i)ii«wy5«/y,i<,.«rr«,Cs{^”;gg;-_An alcoholic solution of ' bonslyamine is 
connectwl with a rovoracd condenser as long as hydrogen sulphide is 
Srahoi*^’lt^*'.rmrk"'^f‘ and the residue crystallised r^tedly from 

destruction. ^ ^ ^ cannot he removed without complete 

the Mutinued acUon rf lunmonkrsnHL^*""^® ’“i* a“lpl>ydrote. By 

bansyl disulphide this mercaptan. 

, . ^ ^ * C*H<(NO*)CH*Si » ” produced, in yellow microscopic orstali, 

uluble u water and sparingly poluMe in it^ 


(Stra^S)^ of which is iusol'ublo 

(2!lii4ei 

trhKh l«ath.constitation(rfiiphea\l.«etL^n^^^ I 
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producto, vhcn benzyl chloride is heated with benzene and zinc-dust. It constitutes 
the lowor-boiling portion of Uie distillate, and solidifies on cooling to a cr^^stallino 
mass of prismatic needles melting at 21°-25^ ; by slow cooling, large fine tables are 
sometimes formed. It dissolves readily in strong nitric acid, forming a crystalline 
nitru-product, and is slqwl}r oxidised by a boiling mixture of dilute sulphuric acid 
hblI pobissium diehromato, yielding a small quantity of benzoic acid and benzophenono 

CO— G"IP, identical with that obtained from calcium bonzoato. These reactions 

indicate the constitution of the compound ; it is probably identical with the diphenp- 
latcd marsh- fftts which Jena obtained by distilling barium diphonylacetato with soda- 
limo (Ann. Ch. Pharm. civ. 86). 

lly using toluene, xylene, &c., in place of benzono in the above reaction, homologucs 
i)f Ijonzyl-beiizeiio, represented by the general formula, may ho^ obtained. 

Jteducod iron or finely divided copper maybe used in place of zinc-dust; with copper., 
however, a higlior temperature is required. 

Benzyl-tolnenet or probably C“H* — CH®— C*H* — CH* (Zincke, DeuU 

CJuim. Gas. her. iv. 298 ; v. 683), isomeric with dibon:^! and ditolyl, is formed by 
Iicatiiig a mixture of benzyl chloride and toluene with zinc-dust or rMUced iron. It 
is a colourless oil, which boils nt 27 7^ and when boiled with chromic acid mixture 
yields bonzoyl-benzoic acid C‘*ir®0* (p. 177). • 

Vajiour of bonzyl-tolueno passed over healed lead oxide yields a considerable 
qu.mtity of a nth race no (I3enr and van Drop, Chem. Ges. her. vi. 763), 

Ilenzyl-tohienu is violently acted upon by cron when dissolved in carbon 

biHulpliido, bub it has not been found possible to isolate a definite compound from thu 
praduct. 

Nitrolenffyl-toluenes — Concentrated niti’ic acid converts bonzyl-tolueno into 
> dinitrobcnzyltoliiene C**H‘*(NO*)®, a largo quantity of a resinous body being 
formed at the same time. Tho diiiitro-compound crysbilliscs from hot alcohol in 
fili'iider white needles, or on slowly cooling in thin pri-sms, and by spontaneous crapora- 
tiuii of the solution it is obtained in brilliant prisms melting at 137®. If instead of 
coiiceiitrated nitric acid, an acid of sp. gr. l*4j8US(Hl,tho action begins only at the heat 
of tlio wjiter-batli nitrous fumes are evolved, and besides nitration, oxidation also takes 
pliici', Llio chief product having the composition C‘*H‘*(N0*)0*, probably nitro- 
iiiothylboJizophonone C®H^(NO®) — CO — CW — CH*. It crystallises from hot 
ililiito alcoliol ill long flat noedhis, or silky plates, melting at 127®» and subliming 
witliout decomposition in shining plates. When treated with tin and^ hydrochloric 
Jiciil, it yields an amido-compoiind, forming amorphous salts, from which it is pre- 
cijiitiUcd by soda-solution as a light white powder (Zincko). Totranitrobonzyl- 
Inluenc, C*^JP(NO*)*, is obtained, together with resinous bodies, by acting on the 
liyilruearbon with a mixture of highly concentrated nitric acid and concentrated 
siilpliuric acid. It ciystallises from hot benzene or chloroform in small hut well- 
ilufiiied prismsj melting at |60®-161®, and deflagrating at a higher temperature 
(Zincko). 

hiamidobengyltolucne is formed by treating the dinitzo-com- 

pound with tin and hydrochloric acid. The product of the reaction is a stanno- 
fhloride, which ciystallises in small voiy soluble needles. When decomposed by 
liydrogen sulphide, it yields the C‘*H**(NH*)*.2HC1, which is veiy soluble 

in water and alcohol, and can be purified only by recrystallisation from hot dilute 
hydrochloric acid; it forms white needles or plates. The sulphate C**H**(NH*)*H*SO* 
is also very soluble, and ciystallises iixim hot alcohol in long colourless needles. By 
decomposing tjie hydrochloride with potarii, the free base is obtained as a white eiystal- 
lino powder. It is freely soluble in alcohol and ether, and the solution darkens when 
exposed to the air. 

Benzyltoluene*8ulphuria <^cid. — ^Ben^It(fluene dissolves in hot Aiming sulr 
phiiric acid, with formation of at least two sulpho-acids ; but only, the disulphd- 
acidhas been isolated, its potassium salt being almost insoluble in strong alcohol, 
Aiid crystallising ftoiti hot ailuto alcohol in white lominse or broa4 needles, having 
tlie composition C“H»(SO*K)* + 8iH*0, and readily soluble in water* The 6at^ 
salt C‘*H>*(SO*)*Ba + 8^HK) separates Arom an aqueous solution on addition of 
alcohol in crystalline crusts, which redissolve in water bat slowly. The copper idli 
C>«H>®(SO®)*Ga -H 4AH*0 crystallises from a hot concentrated solntipn in small Muislir 
green lamizue, and from dilute alcohol in prisms^ TheJeatf salt ia xieadiiy^ubte 4^ 
hot water, sparingly in cold, and forms colourless^ prisms. The aeuf is^wj 
wluble in water, alcohol, and ether, and forihs a crystalline coming 
colourless needles melting at 38® (Zincke). -- 
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3eii«jl«e^arl*bensenet = C®H* — CH'*— C H C H, is formed, top;eUier 
'witli other iKKlifis; by boiling a mixture of benzyl chloride, ethyl-benzene and zinc, as 
long as hydrochloric acid continues to escape, and separated from thb product by frac- 
tional distillation. It is a colourless liquid, liaving a faint aromatic odour, and boil- 
ing at 294°-29o°. By oxidation it yields benzoic acid, togotlier with a ketone (J. F, 
Walker, Dent C/tem, Ges, Ber. v. 686). 


l-BXACaTZMZBBf 


rWPH jNH.CO.CH* 
CH.CH jNH.CO.CH* 


(E. Roth, Ch. Pharm. civ. 72; Zciisclir.f. Chew, [2] it. 660, vi. 680).— Pro- 
duced by tile action of benzoic aldehyde on acetamide : 


neiisfiirn ^ JNIP.CO.CH* _ pom PH jNH.CO.CII* 
C®H»CHO + jNH*.CO.CH* “ .Lll jNH.CO.CH* + 

2 mol. Acetamiile. Bcnzylene-dlacatimlde. 


Benzole aldehyde. 


To prepare it, about equal parts of acetamide and commercial bitter-almond oil are 
heated^ some hours in a retort having its neck dirt>ctod upwards. Water, prussic 
acid, and small quantities of an oil which floats on water, then escape, and the residue 
in the retort solidifles, on cooling, to a yellowish crystalline mass, which may be freed 
from bitter-almond oil by treatment with ether, then several times recrystallisod from 
hot wntcr. From the first mother-liquors, ammonia throws down small quantities of 
a body which appears to be amarine. 

Benzyl cnc-diacctimide forms capillary, silky, very bulky crystals, whicli, wlien dried 
in the air, unite into a felted mass. It dissolves sparingly in cold water and in ether, 
easily in boiling water and in alcohol, melts when he.'ited, and resolidifies in the cold. 
When its solution is heated with lijdrochloric acid, it decomposes with separation of 
beiizaldehydc. Strong potash-solution, on the other hand, does not act upon it, OA'on 
on prolougwl boiling; neither does sodiiiin-amalgum in neutral or a alkaline solution. 
Benzylone-diacetimide is permanent at 290°, but decomposes at a higher tompernturo, 
yielding, as distillation-products, first, acetamide ; then, at a considerably higher tem- 
perature, oily bodies wliich do not solidify on cooling, and finally, above the boiling 
point of mercuiy, a mixture, recrystallising on cooling ; of lophino with an easily 
solublo base not yet examined. 


BSMrZTUVB-BZBlOrunKZBB, C*ilP*N'’0*. is prepared by heating bitto^ 
almond oil with benzamide fur several lionrs, treating tho pimuct, which solidifles iu 
the crystalline form, with ether, and recrystallising tlio residuo from boiling alcohol, 
It forms long silky needles, insoluble in boiling water, slightly soluble in ether and 
cold alcohol, molting at 197°. It dissolves in dilute hydrochloric acid, but tho solution, 
even when only moderately heated, gives up benzoic aldehyde, while benzamide rc- 
nicaius dissolved (Rotli). 


BJnranBBB-DXBVTTBZMXBB, C»H*^N*0*, was obtained by Strecker from 
bitter-almond oil and bntjTamidc in tho same manner as tho acetyl-compound above 
described. It fonns slender crystals, nearly insoluble in cold, sparingly soluble in 
boiling water, easily soluble in alcohol, moderately solublo in ether. In tho prepara- 
tion of this substance also, small quantities of a light oil aro obtained as a secondaiy 
product (Rotli). 


mBimmumoVB ACZD, C^H’.SO’H (Bohler, Zeitschr,/. CSItfWi. [2] 

iv. 449 ; Barbaglia, Beut. Chem, Ges, Her, v. 270, 687).— Bohler obtained thisacia 
by boiling benwl chloride with a modtsrately strong solution of neutral potaBsium 
sulphite: C»H»Cl + K*SO* « KCl + C^H».SO*K. The bon^l chloride 
dissolves, and the concentrated solution on cooling deposits the pofflawttw W® 
C’H^S0*K* + H*0 in colourless orthorhombic prisms, which give 'off the whole of 
their water at 100°-160°. The barium salt (C'H»SO*)*Ba + 2H*0 obtained by 
double decomposition, crystallises in colourless laminae, somewhat sparingly 
in water. By digesting this salt with dilute sulphuric acid, and saturating 
filiate with lend . hydrate, a basic lead salt (C'IPS0*)*Pb.PbH*0* iz obtalnisd 
shining crystals; and, on passing carbonic acid gas into the nquedus scdutlfftl' ^ 
this salt, tlio neutral lead salt ((FH»SO*)*Pb separates in anhydrous cryitW*^ 
laminae. The ammonium salt, tho calcium salt (C'U'SO*)Ca -h 2It*0 and UiZ 
salt C'ffSO*^, M8 crystalline. Tho ^droffcn nit. or frn acid, in ohtoinrf 
loafl or banum talt, in colourless extremely hyjftbscopw 

***!’ oyonWo of potassium, yields a voktlto 

’S^ed ^th potash, is conrortsd into alpho^Mi 
U"iJ*.OlPCO*B[; this cyanide, is therefore bemyl cyanide C*H*.CH*0lf/ and t 
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from the potassium salt of which it is produced as above, is benzyl-salj^hurous 
acid C*H*.OH*iSO*H, and not either of the modifications of toluene-sulphonic acid 

Supplement t p. 286 (Barbnglia). 

When the potassium salt is heated with phosphorus peutachlorido, sulphurous 
oxide is evolved, and the distillate contains benzyl chloride, together with phosphorus 
iMcychlorido and a little thionyl chloride SOCr% bub no siilphuiyl chloride or phos- 
phorus sulphochloride. Hence tho group iSO®K in the potassium salt must bo united 
with tho carbon of the group CH- through tho medium of oxygen, and not through 
that of sulphur : if tho formula of Uie salt were — S— O— O— O— K, it would, 

when distilled with PCI®, yield benzyl sulphochloride C®H“.OH®~S— O— 0— O— Cl. 
Its constitution formula must therefore be, 

either C-H®.CH*.-0~S-0~0-K, 

OP C«II»CJI*— 0—0— S—O— K. 

With either of these formulas it is.casily seen that the replacement of the oxygen-atom 
next to the benzyl, and of that next to the potassium, by an equivalent quantity of 
chlorine, will give rise to benzyl chloride and thion3d chloride : 

C“H*.CII2C1 01— ^O— S— Cl CIK. 

Benzyl chloride. Thionyl chloride. 

The occurrence of sulphurous oxide during the reaction is duo to tho fact that 
thionyl chloride easily gives up its two atoms of chlorine in exchange for an atom of 
(jxygen, and will therefore act on the potassium salt, C'H^SO"K, in a similar malincr 
.to the pontachloride of phosphorus. The question as to which of the two formulae 
jihovo given is the true expression of the constitution of tho benzyl sulphito, cannot lie 
detcrimned by tho products which it gives wnth x>hosphoruB pentachlorido. That tlje 
sulphur-atom is not in immediate union with tho potassium, in other words, tliat tlie 
formula of the salt is not C*H*.CH-— O— O — O — S — K, may bo inferred from the 
?ion-occurrenco of phosphorus sulpho-chloridc, PSCl*, as one of tho products of the 
reaction. 

The preceding results lead then to tlio conclusion, that tho acid CWSO*H, obtained 
by the action of benzyl chloride on potassium sulphite, is not a sidphonic acid^ that is 
to s.ay, an acid in which the group SO®H is united to the carbon through tho medium 
of its sulphur-atom, but an acid sulphurous ether, its proper name being bcnzyl- 
sulphurous acid. Further, it appears most probable that tho constitution of the 
sulphites — neutral potassium sulphite, for example — should be represented, not by the 
formula 

K— S— 0— O— 0— K, 

but rather by 

K— 0-~S— O— 0— K. 

These conclusions, require however, to bo confirmed by the study of other sulphurous 
others prepared by the action of alcoholic chlorides on neutral sulphites (Barbaglia). 

When the boiling of tho benzyl chloride with potassium sulphite is continued for a 
long time, a large quantity of sulphurous oxide is evolved, but tho layer of oil floating 
on the saline solution never disappears completely. When distilled with water, and 
afterwards alone, it yields, besides unaltered benzyl chloride, a considerable quantity 
of ben^l alcohol and benzoic aldehyde, together with benzyl oxide (Barbuglia). 
According to Vogt a. Henninger {Ann, C/tem. JPhpa, [4] xxv. 129) there is alsc 
formwl a body (C^H’)*SO*, isomeric, if not identica,!, with Otto a. Grubert's sulpho- 
toluido (le^ Siippl. 289): Vo^ a. Henninger, however, call it hensyl sulphide^ It is 
insoluble in water, dightly sduble in alcohol, and ciystallises in flattened needles 
melting at 160^. (Otto a. Grubert’s sulphotoluide ciystallisod from alcohol in small 
tabular prisms mdting at 165^-166°). 

Benzyl-sulphurous acid, identical in properties and reactions with that abova 
described, is obtained Iqr the oxidising action of nitric acid on benzyl bisulphide 
(C’IP)*S* (prerarod by tiie action of bromine oh an ethereal solution of benzyl 
Kulphydrato). ^nzoic aldehyde is formed at the same time, together with a littlo 
benzoic acid ; on distilling tho product, these bodies pass over with tlie vapour of 
^ator; and on neutralising the residue with sodium carbonate, oyapdratin|g, treating 
residue with alcohol, and leaving the solution to evaporate, potasmum ben^l 
Bulimite is deposited in yollowisli laminss, whidi may be rendered oolotirleBS w 
Rested crystallisation, or by treatment ifith tin and hydxocfalcnde aeid, .or^ 
Bodium-amalgam, whereby adhering nitro-componnda are des^ogredt 
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BtmpU^hwws Chloride, C®H».GH*.S0*C1, formed by the action of phtephoruB 
penttLchloricm on potusHium bonzylsulphite, crystallisos in prisms melting at 92®, and 
decomposing at a higher temperature into sulpliur dioxide and benzyl chloride, 
Goncontratod ammonia converts it into the amide, C“H*.CH®.SO*NII*, ’which crystallises 
from water in small prisms melting at 105° (Limpricht, Dent, CAem, Ges, Ber. 
vi. 634). 

Chlorobenutflsulphurous acid, C«H‘»C1.CI1®.S0*H, is obtained as a potassium 
salt by boiling chlorobeiizyl chloride G^H^Cl.CH^Cl (obtained by the action of 
chlorine on chlorotoluene) Mith potassium sulphite. The solution on cooling deposits 
the potassium salt, C^H^Cl.GII-.SO^K, in colourless needles, which, acconling to 
Biihlor {loc. cil.) are anliydrous, but acconling to Vogt a. Henningor (Ann. Ch. Phys. 
[4] XXV. 129) contain a molecule of water, wliicJi they give off at 160°; they are 
soluble in water and in boiling alcohol. The barittm salt (C®H*Cl.CH?SO*)"lla + H*0, 
obtained by douldo decomposition, forms colourle.*<s shining crystals. Tlio basic Itad 
salt ((3*H*C1.0JPS0*)-Ph.PbH“0-, pn^pared by decomposing the barium salt witli 
sulphuric acid, and neutralising with leiul hydrate, foimis silvery crystalline scales 
(Brthlcr). According to Vogt a. Kcnningcr, thes(^chlorobcnzy1 sulphites, though they 
appear to bo homogeneous, rievcrthuluss consist of mixtui’es of two isomerides, for 
wlien fused with potash they yicUl both salicylic and paraoxybunzoic acid. 

Thu action of potassium sulphite on chlorobenzyl chloride likewise gives rise to 
chlorosulphutoluido (C'II“Cl)"SO®, (called cMorchcnzyl sndphids by Vogt .a. Hen- 
niiigcr). This compound is insoluble in water, and after washing with water and witli 
ether, and cry.stallisation from boiling alcohol, is obtained in colourlc.ss needles. 
The inolhcr-liquor of these crystals coutiins two other bodies, melting at 149° and 
185° respectively (Vogt a. Henningor). 


Ben:iylcnc Chloride C^IP.GHCl-, mctamcric with chlorobenzyl chloride, yields, when, 
boiled with potassium sulphite, only a small quantity of a sulpho-acid not ytt 
examined, tho chief product of the reaction being l>euzoic aldehyde (Bohler). 


Nltrobenzylsulphuroua acid, C«IP(NO*).CH* SO*II. The barium salt of this 
acid, obtained by dissolving barium benzylsulphito in fuming nitric acid, crystalliso.s in 
shining colourless needles containing [C‘‘IP(NO-*).CH*SO*]='Ba + 2IPO. By dccom- 
posing it with sulphuric acid and neutralising tho filtered solution with load hydrate, 
a lead salt [G«IP(NO«).GH*SO»]-Tb.PbIPO* is obtained in colourless needles. 
ThQ neutral kadsalt [G«IP(NO-^).Cn=SO»fPb + WO forms beautiful needle-shaped 
crystals more soluble than tho basic salt (Bohler). 


. : — This mineral, hitherto known only ns a pseudomorpli after 

viviamte, from the Hrbek iron mine, at St. Benigna in Bohemia, (i, 570), has lately 
been found implanted on broAvu luoraatito, in tho Father Abraham mine at Scheiben- 
berg in Saxony. It forms laminar and Kidiato groups, also separate laminee and 
rods running out in crystalline points, which imiicate the form of gypsum. Colour, 
hyacinth-rod to roddish-hrown ; lustre, nacreous to silky ; streak-powder, yellow. Sp. 

28-65 P=0», and 16-65 water, agreeing nearly 
with the formula 5Fe-0*.3P0» + 14H*0 (Fronzol, Jahrbuch f. Mineral^e, 1873, 23), 

A specimen of this mineral from Elba, of .sp. gr. 2-690-2-710, was found 


to contain ; 


SiO> 

70-00 


A1»0* 

26-33 


re*0* 

0-40 


OlO 

3-31 


Cb"0 

0-88 - 100-92. 


hithorto analysed in containing a smaller peresntage «t 


anfli—TMTC™ (®^®*Wer, /. Chtm. vi. SOfi; laehmidi, <Mi. 

fll06). Tins base, obtained from beet-juice {\st Suppl. 340), is identical with that 
which IS hy, of trimethylamine o^onochloracetic acid, that i» te 

say, trimotIjyl.glycocineC»H*{CH>)»NO« and therefore with oxyn^noT ^ 

C!»HTI + C?H*C10* > C*H"N0* + HCa. 

menfa sed with potassium hydrate, it spves off o largo quantity of pure trfll^ 

BeUino is n^poisonous. The cty^ls of the liydiocMorido. according to 
ments by P. Gj^, are mo^mic ; they are thick, tabular, 10 mm. l<»v BhdBtfiiW; 
and clearo with moderate distiMtness parallel to the cUMiriiuicoid.^^fc^ 

““*1 teon obtained in fine erystalir^^^ 

malnte and tartrole only in tympy or hygroscopic masses (ScheiblMV^ ■ 
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Ifor proparing betaine from the juice or molasses of boet, Scliciblcr now recom- 
mends fliattlie liquid be first mixed with a slight excess of basic lead acetate, to 
precipitate -various acids and colouring matters, wJiicli would interfere with the purifi- 
Litioii of the betaine to bo subsequently separated. The filtrate from tlie lead 
precipitate is mixed with excess of dilute sulphuric acid to remove tlio load ; and from 
tlio ucid filtrate the betaine is obtained by means of sodium pliosphobungstate in the 
manner formerly described. 

Liebreich boils the diluted molasses for twelve hours with barium hydrate ; filters 
after removing the excess of baryta willi carbonic acid; evaporates; exhausts the 
remaining treacly mass with alcohol ; mixes the concentrated Jilcoholic extract with 
an alcoholic solution of zinc chloride ; purifies the resulting precijjitate by recrystallisa- 
tion from water; and pi'ecipitutes its aqueous solution with baryta-water. The liquid 
filtered from the precipitated zinc oxide contains a corresponding quantity of barium 
chloride. Tho barium is precipitated witli the exiict quantity of dilute sulphuric acid 
required; and on evaporating the filtrate, the hydrochloride of betaine crystallises 
out. 

The juice of the beet in tlio earlier stages of growtli contains a larger proportion of 
betaine than that of older beet, the proportion, of the base decreasing as that of the 
tuigur increases with tho ripening of the plant. Young beets gathered on July 1 
yitdded a juice containing about ^ p.c. betaine, -u'horcas ripe beets from the same field 
taken up on October 1, yielded only ^ p. c., of betaine (Sclieiblcr). 


Betaine of tbe Mosptaortls eerlee or Tiimetliyl-ptaoepliorlyooolBev 

C^ll’TO- = C*JP(CH*)*PO‘*. (A. IT. Meyer, Ckcm. Ges. Ber. iv. 734; Chem. 

Soc. J. [2] ix. 10G6). The hydrochloride of iliis base ,C^II"PO*.HCl, is produced by 
heating 1 mol. triiuetliylpliosphinc w ith 1 mol. chloracctic ncid to 100® in a scaled 
lube fi>r five or six hours. It unites with platiiiic chloride, forming u platinochlorido 
2(C JI'*PO“.IICl).PtCP, and when treated with sulphuric ucid, yields a sulphate from 
whi(!li tho free base may bo ijrecipitatod by baryta-water. Tho base is a very hygro- 
scopic crystalline mass, neutral to vegetable colours, and forming crystalline salts with 
liydrioclic and with nitrie acid. 

The homologous compound, trieihyl-phoaphoglycoeine^ » C®H*(C®H^)®PO*, 

is obtained in like manner by tho action of chlorucetic acid on triethylphosphino (Hof- 
mann, Broc* Roy. Soc. xL 625). 

Aromatic BetalneOr (Gricss, Reut. Cftem. Gca. Ber. vi. 685). — These bases, 
analogous in constitution to the betaine of tho fatty series (trimetliyl-glycocine), are 
j)vo(luccd by tho action of methyl iodide in presence of methyl alcohol and an alkali 
on amidated aromatic acids, throe atoms of hydrogen being replaced by methyl. 

Benzhetaine*. which has tho composition of trimcthyl-amidobonzoic 

.'\cid, C■H•‘(C.^l*)*NO'^ is prepared by pouring methyl alcohol on amidobcnzoic acid, 
adding three times as much strong potnsh-ley ns is necessary to neutralise tlio acid, 
aud tlicn methyl iodide in tlio proportion of 3 mol. to 1 mol. of the amidobenzoic 
acid. The mixture is left to itself for three days, tho methyl alcohol then distilled off, 
liydriodic acid added in e.vcess, and tho hydrio^de of henzbetaine, -whicli crystallises 
out, is decomposed by load hydrate, which separates tlio base. 

Penzbetnine crystallises in small white needles containing 1 mol. water of crystalli- 
sation, which is easily given off at 105®. It is insoluble in ether, very soluble even in 
cold alcohol, and deliquesces on exposure to the air. It is neutral to vegetable colours, 
and has a strong bitter taste. 

Tho hydriod^e, + H‘0, crystallises in small short prisms, which dis- 

solve very sparingly in cold, easily in hot water or alcohol, but are quite insoluble in 
ether. The ^tiiwcMoridCf 2(C'*H*^NO®.HCl).PtCl* + 4H*0, crystallises in prisms 
sometimes of considerable size, slightly soluble in hot, very sb'ghtly in cold water. ' 

When anhydrous henzbetaine is heated to its melting point, it is converted into 
Iho isomeric methylic ether of dimothyl-amidobenzoio acid, 

0^11^ I ^ y^^llowish liquid having an aromade odour, boiling at 270® (un- 

corrected), heavier than water and insoluble therein, but dissolved by eold dilute 
»icids, with formation of saline compounds. Its sulphate, C*H*|qqq^*. H•SO^crys- 

tallisos in ve^ small prisms, easily soluble in c(fid water, sparingly soluble in dilute 
Sulphuric acid. 
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Tho plttiUocUoride, forms spioaie^ped lamlne, 
very slightly soluble in cold water. 

ficjlainp C“H'*NO* =* C®H*N(CH*)®0*, which has the composition of tri- 
methyl-amidhDisic acid, is produced in like manner by the action of metliyl iodide on 
ninidauisic acid. It ciystallisos from aqttcous solution in large, generally vciy well- 
defined prisms, sometimes an inch long, hax'iiig a vitreous lustre, ana containing 
5 mols. water of crystal! isat ion. It is very easily soluble in hot, moderately soluble in 
cold water, less soluble in alcohol, and quite insoluble in ether. Like benzbotnino, it 
has a bitter taste and is neutral to vegetable colours. Tho hi/drwdidc.^ C**Il“NO“.III + 
11^0, forms white shining needles, sometimes an inch long, moderately soluble in hot, 
very slightly in cold water, apparently less soluble in alcohol, and quite insoluble in 
ether. 

The plalinockloridcj 2(C^*H**N0*.HCl).PtCl^ crystallises in narrow yellow laminie, 
very slightly soluble in cold water. 

lly dry distillation, ariisbctaino is transformed, like the preceding compound, into 

fN(CH*)* 

themcthylic other of dimothylamidauisic acid, OCH* .which is a 

Icoocip 

yellowish liquid, having a faint aromatic odour, insoluble in water, olid boiling at 288*^ 
(uncorrected.) 

BSYlftZCBXTSa A na.tivo sulphide of nickel from tho Westerwald. See 

jfzCKKIi. 


Modification oj^ PeUmkoJer*s test. O’. Strassburg, {Pflilger's Arckiv^ f, 
Ph/siologiet iv. 461), in testing icteric urine for bilo-acids by Ncukomm's improved 
form of Pottenkofer's test (l8^ SuppL 341), obtained only a yolloAV, but never a 
cherry or violet colour, showing that the quantity of these acids iii the urine, even in 
cases of intense .jaundice, is very small. The following method was, liowcver, found to 
give certain indications: A piece of filtering x>aper is dipped into tho uriuo previously 
mixed with a little cauc-sugar, and allowed to dry ; a drop of pure sulphuric acid 
is then put upon it, and allowed partially to run off. In a qunrtop of a minute, 
a beautiful violet colour appears, best seen by transmitted light. By tJiis moans, 
0*00003 gram of glycocholic acid can be detected. Tho great delicacy of the tost is, 
jierliiips, duo to tho absence of w'ttter, whereby tho cliorring, which would otherwise 
occur and obscure tho reaction, is prevented. 

I ho spectrum yielded by the violet-red liquid obtained in treating sodium glyco- 
eholatu with sugar and sulphuric acid for Pottcnkofoi's test, consists of three bands, 
one extending from midway between C and I) to D, the second midway between 1) 
iy\d7)^ l^ctwoen b and F (Heynsius a. Campbell, Pfizer's Archiv, fi 


^ According to t. Wittich ArcUo.f. Pivti<Aegii, 

n. 181). fresh htmnn bile possesses the power of converting stnreh into a 

wUr 20 tolod™?"#?, ‘J’® bile of the pig. Boiled starchSted 

rh^lted ^ *"■ ‘be ordinary temperatnnt 

ShmlntealLiel ^i .“pper Hulphate. Tho bile mued with 

on^W “.’‘bibit^ tnrbidity, left, on filtration, a residue which, 

Slyeorin. yielded an extract, exhibiting after 24 homii an 

tr^di^v^ia'wato ■ ^ «• 


aaente vMd a m"? We-pigmente, treated with oxidinag 

aSa1b^aBuh8tan?r^l.^“?*®? hilicyanin, produced by moderate oxidation, 
These orodiictshftvp resulting from moro complete oxidation. 

AAortBer. [awoito Abth.l Iix.M)r: 
1889. 817) andbyHeyneius a. Campbell (Pf/iUmf 0 Arehiv f PttrnJaduWAm 

au^S'in ihbf wV ^ding an alcoholic eolution of Inomine to bifinihB 

?n r r ’ ‘bttk mass, 4ich appears dark e^.l^ 

aLhol“it isaea^ublo^^X”™*" ”’ bat diasoli-os with l^endid bluftoLr *» 
solution 


cliwed^ becoming blue ogam on addition of hydr^hloric ac^ • 
mdigo-bluo liquid, which becomes bright blue on addition of 



BILB-PIGMENTS. 


18 d 

solution of neutral lead acetate forma a dark greon-bluo precipitate ; silver nitrate 
merely throws down a little silver bromide, and on adding ammonia to the filtrate, a 
block-brown precipitate is formed, which dissolves in a mixture of alcohol and acetic 
acid, with a violet colour, dianging to fine blue. With hydrochloric acid and zinc, 
the blue solution slowly becomes dark green, then sap-green ; hydrochloric acid alone 
does not alter the colour. Hydrogen sulphide forms a bright green solution, and then 
fiocks of bilivezdin, the liquid looming nearly colourless. On mixing the liquid with 
a few drops of nitric acid, and pouring it upon sulphuric acid, so as to form a supor- 
nataut layer, the remainder of the bile-pigment is obtained with very fine colour. 
Ammonia and calcium chloride slowly form a precipitate of dark indigo-blue colour 
(Maly). 

According to Heynsius and Campbell, bilicyanin prepared as above, is not a perfectly 
definite product, as it exhibits various degrees of solubility, and gives two, or perhaps 
three absorption-spectra in the yellow and green. It docs not exist in natural bile- 
pigment till after oxidation by exposure to the air or otherwise. It exists in gall- 
stones and probably in urine, inasmuch as it reacts with hydrochloric acid somewhat 
like indican, and may have been mistaken for that substance in urine. 

Oh ole tel in, the end-product of the oxidation, is best obtained by passing nitrous 
vapours into alcohol in which bilirubin or bilibumin is suspended. If the alcoholic 
solution be then poured into water, nearly the, whole of the colouring matter separates 
ill fiakes of the colour of ferric oxide, which in many cases soon become denser, and 
arc easy to filter and wash; they dry up to a brown powder. Choletcliu cannot bo 
made to ciystallise from any solvent. It dissolves very easily in the fixed alkalis .and 
their carbonates, also in ammonia, forming brown solutions, from which it is precipi- 
tated in flocks by acids. It is soluble in alcohol, ether, and cliloroform. The alcoholic 
solution is precipitated by water ; with silver nitrate it gives a precipitate only on 
addition of ammonia. No perceptible reaction is produced by hydrogen sulphide, or 
by zinc and hydrochloric acid. 

The quantity of bromine used in the formation of. cholctclin shows that it is 
formed from bilirubin by assumption of 3 atoms of oxygen. Its analysis gave numbers 
leading to the formula ( = bilirubin — 0 + 30) ; but ns neither carbonic 

nor formic acid appears to bo produced at the same time, Maly is of opinion that its 
true formula is C'“H*®N*0*. Silver nitrate added to a solution of cholotelin in a small 
quantity of dilute aqueous ammonia throws down red-brown flocks, which separate 
from a nearly colourless liquid: the second of three fractional precipitations yieldel an 
amount of silver agreeing with that of the bibasic compound Chole- 

teliti is not much attacked by strong nitric acid, and in particular does not yield any 
picric acid. By dry distillation witli soda-lime it yields a tarry distallato not contain- 
ing either aniline or phenol (Maly). 

Choletolin doe.s not give Gmelin’s pigment reaction (tlie change of colour 'from 
greon to blue, violet, red, and yellow pr^uced by treating bile-pigments with nitric 
acid containing nitrous acid). Its spectrum is more constant Uian that of bilicyanin, 
consisting of one broad absorption-band extending from A to a little beyond F, when 
in acid solution; in an hlkalino solution the band is somewhat less refrangible. 
Cholotelin may be detected by its spectroscopic characters in icteric urine, but is never 
foaud in normal urine or in gall-stones (Heynsius a. Campbell). 

liedncihle Product of the Oxidation of BUe-piffments (Stokvis, N. JRcp. Pkarm, xxi. 
123).— This substance is formed as a secondazy product in most cases of tlie oxidation 
of biliary colouring matter whereby GmoHn’s reaction is produced. It is colourless, 
or of a light yellow tint, and is soluble in water, alcohol, and dilute acids. It becomes 
of a beautifbl rose-red colour when boiled with reducing agents in alkaline solutions, 
pie rod solution gives in the spectrum a tolerably broad absorption-band in the green. 
In concentrated solutions (thick strata^ the band begins close on the line H, and 
extends to h. In dilute solutions (thm strata) it occupies only two-tlii«ls of tho 
Kpaco between 1) and E, ending i^ort of E. Shaking with air causes both the 
colour and the absoimtion-band to disappear. This by-product differs from the 
bile colouring matter ana other oxidation-^rodnets of the same, in being insoluble in 
chloroform and ether, and in not ibnuing Insoluble communds with neutral or basie 
^°^ ^tate. It is precipitated however by ammonia and basic lead acetate. 

This robstance exists as su^ in. the gall-stones both of man and of the ox. It can 
ho obtained from them by simple boiling with distilled water, and extraction with 
uilute acids. It does not exist m frecdi bHe. It occurs in the urine of animals which 
fiavfl been starved for some days previously, in icteric urine, and in the urine of febrile 
diseases, such as small-pox,, typhus, dec. It is not found in healthy urine. It seeipa • 
^ M present in the alimentaiy canal, although in direct axpet^imts with different, 
kinds of fbod little or hone could be foond. Jn alkaline soiutibhe it boob loses its^ 
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copious yellow fumes pass through the tube, and an abundant sublimate condenses, 
be^nuing about one-third of an inch above the assay, and becoming bright yellow 
v'lion cold. 

Lead oxide ^ with 1 p. c. of Bismuth trioxide^ exhibits the same phenomena as above, 
]nit onc-tbird of an inch above its lower edge the yellow sublimate is replaced by a 
broad and distinctly rod ring of the bismuth sublimate. 

Jjead oxide, vnth ^ p. c. of Bismuth trioxide, gives the .same reaction as in the Instcx- 
porimont, but the bismuth sublimate is orungc-rerl, but still so distinctly marked as to 
leave no doubt that even a smaller propoi'tion of bismuth could be detected. 

With 60 ptarts of Lead oxide, 60 parts of Antimony trioxide, and 1 part of Bismuth 
irioxide, the white antimonial sulphide entirely conceals the bismuth reaction. To 
obviate this, the mixture of the three oxides is mixed with an equal volume of sulphur, 
iiiid treated with the blue flame for several minutes; and tlic resulting fused sulphide.^ 
iire removed to a flat coal, and treated alternately with the oxidising and reducing 
names, until the antimonial fumes have nearly ceased, and an impure blue lead flame 
appears. The residue, powdered and troatt^ as before in the open tube, yields a 
cli.'^linct bismuth sublimate, about one-third of an inch above the lower edge of tlio 
yellow sublimate. 

Caro must be taken not to confound with the bismuth sublimate, a sublimate of 
ifxiino, wliich may condense in the upper part of tlio tube, but at a greater distance 
from the assay (II. 13. Cornw.all, Ckc??i. News, xxvi. 160). 

’ Assay of Cu 2 Jrcous Bismuth ores. — The direct separation of bisimitli from ores con 
taining a large proportion of copper is attended with considerable difllculty, in.-usmuch 
fts copper and bismutli behave in the same manner with nearly all metfillurgic reagents. 
In presence of an alkaline flux, however, bismuth sulphide is instantly reduced by 
, oflrbonaceous matter, while copper sulphide is iinattackod. The application of this 
reaction is as follows : 

If the metals exist already in the state of sulphides, it is only necessary to fuse 
fheni with the ordinary reducing mixture, to which a little sulphur has been added, 
to prevent any dcsulphuration of the copper by the alkali. Tho yield of bismuth 
is tolerably free from copper. In the treatment of oxidised ores, the operation is 
ronchictccl in a similar manner, but a larger amount of sulphur is required, since 
tlio whole of the metals have to bo sulphurised. TJio following proportions ai*e 
rcronimendcd for tho flux : — Sodium carbonate, 6 parts ; salt, 2 parte ; sulphur, 2 ijarts; 
chnrcoal, 1 x>art. Two or throe XKirts of this flux are required for the reduction of three 
jiarts of ore. 

In tho extraction of bismuth by the sulphur-carbon process, there is a loss of about 
8 p.c. of tho bismuth contained in tlio ore. Although this loss is unavoidable, it is 
partly compensated by tho elimination during the operation of a considerable quantity 
of arsenic, antimony, and lead, so that the crude metal obtained by this process is not 
so impure ns tho corresponding metal obtained by tho direct reduction, of tho oxidised 
oro (Hugo Tamm, Chem. News, xxv. 86). 

Befininy of Crude Bismuth. — To separate arsenic, tho bismuth is melted at a 
bright rod hoat, under a cover of borax, and strips of iron are plunged into the molten 
nio.tiil. The arsenic rapidly combines with the iron, forming an arsenide, w'hich rises 
to tho surface oi' the metal. When tho iron is no longer attacked, tho whole is allowed 
to cool, and the bismuth, while still fluid, decanted from the iron arsenide, which 
Bolidifies more rapidly. 

Antimony is most easily separated by melting the alloy with a quantity of bismuth 
oxido equal to throe times the weight of antimony contained in the metal. Tlid 
biHmiith oxido is instantly reduced to the metallic state, while the antimony is con- 
verted iuto oxide. Tho latter, in combination with a little bismuth oxide, floats on 
tlio surface of the pure metal, whence it can bo easily removed. 

Copper may bo completely separated flrom bismuth by treating the alloy, at a low 
rod heat, with potassium snlphocyanate. One part of a mixture of 8 ports of potas- 
sium cyanide and 3 parts of sulphur is thrown over 16 parts of the metal melted at 

low temperature. As soon as the reaction takes place, the crucible is covered, and 
wicn oil deflagration has ceased, the metal is well stirred with a cloy stirrer, the flux 
nllowod to set, and the fluid metal poured out. Tho bismuth will he fouhd perfectly 
free from copper (Tunm, ibid. 100). 

i^trolysis tif Bismuth eaeide. — The flised oxide is easily reduced by the current of 
Bunsen’s elements. If copper poles are used; the negative pole sobh becomes 
^jvered with metaUie bismuth; ‘With platihum tnres, an alloy of bismutli and platsiifan 
JV'^ined, which melts and drops off. In the solid state the oxide doal not eonduet 
(i^Buckluiid,;2Wl^n/ v ^ v ; 
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StMonitli-Aaltt of Orgonia Baaea. Jorgensen pr. Chem. [2'\ ^ 328} haa 
prepared a series of well-crystallised double salte containing bismuth, luid r^ro^ntcd 
by the general formula 3R(C“II»)^Il'.2BiR^ in which R=N, P, As or Sb; R «I, Br, 
Cl, The iodine-compounds are rod, or brownish-red, the bromine-compounds yellow, 

or occasion!! ily brownish-yellow, the chloriuo-comiMiunds col ourle^. 

The iodiiie-derivutives are produced by precipitating a hot alcoholic solution of tlio 
]^)eriodido of an organic base witli potassium-bismuth iodide or with hydrogen-bis- 
muth iodide. Thus the tctrotliylammoiiium-bismuth iodide, is 

formed according to the equation : 

3N(C2Hs)^I.P -I- 3KI.2BiP = 3KLP + 3N(C*H»)^I.2BiP. 

The otliylpliosphoniuni, ethylstibonium, and etliylarsonium compounds have a com- 
position similar to that of tlio nitrogen salt, viz. : 

3P(C*n"VI.2BiI», 

3.Sb(C-H^)a.2BiI*a 

3A8(C*U*)*I.2BiP. 

The broinino and chlorine derivatives are prepared by precipitating the hot alcoholic 
solution of the periodido with a solution of bismuth hydra ti* in strong hydrobromic or 
liydrochloric acid respectively. The tetrethjdanimoniunvbismutli bromide has the 
composition, 3N(C-rt*VBr.2Bil>r* ; the chloride, ,3N(C-IP;^C1.2BiCl*. Correspond- 
ing phosphorus, arsenic, and antimony compounds lujvc: also boon obtained. 

BZSniirTBXTB. This minrral, consisting of hj drrited bismuth carbonate, occurs, 
together with Joscito, at Sjiu Joao (Jose) di Maduroira in Briizil, in small stratified 
lumps, which appear to inclose fi number of psoudomoi’phous prismatic crystals ; the 
recently fractured surface exhibits, under the Ions, the appearance of pyromorphite. 
The mineral is very soft, and has a specific gravit}' of 5-6C. ^ Tl^e powder is grass-' 
green, and retains its colour when boile<i with jiotash, but is immediately blackened 
by ammonium sulphide. Ilciitcd in a tube before the blowpipe, the mineral decrepi- 
tates, gives off a largo quantity of water, and becomes brownish. On charcoal it melts 
very easily, and is reduced with intumescence. ^ It dissolves in nitric acid, capocially 
when heated, with evolution of carbonic anhydride. Fused on charcoal with sulphur, 
and then with potiissium iodide, it yields a bright red deposit of bismuth iodido (r. 
Kobell, Jahrbiichf. Mineralogies 1871, 939), 

SZSimJTBOFBBBZTB. A silicate of iron and bismuth from Sclmooberg in 
Saxony, occurring both in crystals and in finely granular, compact, aud earthy forms. 
Tw'O specimens analysed by Frcnzcl were found to contain : 

S10“ Fe*6» Bl*0* 

23 0$ 33 33 43-26 99-67 

24 05 33-12 42-83 » 100 

agreeing nearly with the formula Bi*0*.2Fc‘0®.4Si0=, or perhaps Bi®0®.Si0* 2Fe*0*. 
3SiO*, which requires 23'44 SiO*, 31-25 Fo-0*, and 45'3l BrO® (Frenzel, Jahthnchf. 
Mineralogies 1872, 1321 ; 1873, 478). 

The massivo green iron ore containing bismuth, found also at Schnoeberg, and 
known as hgpochlorite, is probably a mixture of bismuthoferrite with quartz and another 
body of yet undetermined coustitution. See IlTPOcuLoniTE. 

BZTTBB BXiKOBB OXXi. This liquid is often adulterated with nitrobenzene. 
Tlie adulteration cannot be detected with certainty by the density, for though nitro- 
tninzeiie is much heavier than pure bitter-almond oil, it is possible that alcohol may 
also have been added, which will diminish the density. Neither can the formation of 
aniline from nitrobenzene by the action of nascent hydrogen be relied upon, since this 
reaction does not bike place in presence of a largo quantity of bitter-almond oik A 
very delicate test of purity is, however, obtained by agitating the suspected oil iwth 
half its weight of caustic potash. If nitrobenzene is absent, only a yellowish, 
is thereby produced, but in presence of nitrobenzene the yellow becomes first yeltow* 
red, tlion green ; and on ^ding water, the mixture separates into two laycWi tfc* 
lower yellow and the upper green (Bourgoin, SulL ISoc. Clnm, xvii. 243), 

The quantity of nitrobenzene present may be approximately determined by shsto? 

6 to 10 grams of the essence in a wide-mouthed bottle with 20 to 40 c.c. of ooneentHitod 
solution of acid, sodium sulphite, which precipitates the benzoic aldehyde, 
ether, filtering quickly, evaporating off the ether, and weighing the residite 
benzene . The quantity of nitrobenzene thus formed is about 00 p.c. of ths 
present in the bitter-almond oil (Bourgoin, ibid, xviii, 118), 

BlilifcBT* C®H*N*0*. This body, which Wiedemann obtained W 

/i Ana\ fina lafoTv ^ I li 
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Gee. Ber. iv. 262). Tho transformation of urea into biuret takes place so easily that 
tlie reaction may be used as a test for urea, or as a lecture experiment. It is only 
iiccesKaiy to heat half a gram or even less of urea until ammonia escapes, to obtain a 
considerable quantity of biuret, the pi-eseiice of which is shown by dissolving the 
residue in water, and adding a few drops of a solution of copper sulphate and an excess 
of soda. If very little copper sulphate has been taken, the liquid assumes a pale red 
colonr, but if an excess has been used, a deep violet colour appears. 

To prepare large quantities of biuret, urea is heated, according to Wiedemann's 
direction, in an oil-bath to 160^-160° till the residue no longer dissolves completely 
in water. The product is now boiled out with water, and the biuret^ which separates 
out on cooling, is obtained in a perfectly pure state by recrystallising it repeatedly 
from water and at last from dilute ammonia. Erom the insoluble residue a large 
quantity of cynnuric acid may bo obtjiiDed ; the mother-liquors of tho biuret contain 
undocomposed urea, which may be employed in a second operation. 

Jliuret is not readUy soluble in cold water, as Wiedemann states ; 100 piirts require 
at 0°, 8025 parts; at 15*^, 6493 parts ; and at 106° (the boiling point of tho concen- 
trated solution ), 222 parts of w<ater. Wiedemann obtained it only in granular crj’stals ; 
blit if biuret is completely freed from cpnuric acid by crystallising it from alcohol, it 
crystallises in fine long needles, and is identical and nob isomeric with tho body, called 
mbiuret, which Baeyor obtained by the action of ammonia upon tribromacetyl-urea 
(l.y^ Sitppl. 349). 

biuret is also formed by heating cthylic allophanato with aqueous ammonia in sealed 
tubes to 100° : 

C>H*N*0=.C2H«0 + IPN = -h C*H«0. 


The molting point of biuret is stated differently by different authors ; tho reason of 
;,hls is, that the molting point is also tho temperature of decomposition, and varies 
ac(;otding to the quantities taken or the moile of heating. 

Etbylamiiio does not act upon otliylic allophanate ; if tho two substances are heated 
together in sealed tubes to 160°, tho same decomposition takes place that would bo pro- 
duced by water alone, the products being uiuthane, carbon dioxide, and ammonia. 

Diphenyl-hiurety C“H**N*0* = C*H*(C*II*)*N®0*. — This compound has been 
obtained in two modifications, distinguished as a and iS. Tho former, which is slightly 
iiulable ill alcohol and crystallises therefrom in densely interwoven needles melting at 
210°, is formed by heating ethylic allophanato with aniline to l^e boiling point' 
C*H»(C»H»)N*0».+ 2(C«IP)ff»N := C*lf«0 + NH> + C»H»{C«H*)*N>02. 

Tho same body is foxinod directly when aniline is boiled for some time with 
Imiret : 

C*H»N>0'* + 2(OH4)IPN » 2NIP -i- C*n>(C»H“)*N*0®. 

B-Bipfienvl’hiuret is formed by pouring an alcoholic solution of ammonia on finely 
powdered phenylic isodicyanate : 

C*(C«H»)*N*0* + = C*H»(C«H=)*N»0». 

It i.«) insoluble in water, slightly soluble in etlier, more easily in alcohol. The boiling 
saturated alcoholic solution deposits wcll-fonuod prisms with truncated pyramidal 
summits, melting at 166°. 

Tripkenpl~biurett(^W^*0^ =* C*H*(C*H*)*N*0® is foamed by prolonged diges- 
tion of 1 mol. phenyl isodicyanate with 1 mol. aniline. The two b^ies unite into 
•1 ci}'8talline mass, which, by recrystallisation from alcohol, prisms with terminal 
planes are obtain^. This body closely resembles urea, but melts at H7^ instead of 
-36° (Hofmann, JDeuL Chem, Gee, JBer, iv. 260). 

BUCK Gvminr. SooNxqsltjl. 


BUOX RAJKWMOT. See CiMiciFUOA. 

. ^^UOKnrci MWSaftt A new method for estimating the ataxlable chlorine 
>n ble^ing powder is riven bv J. Horreshoff (Ckm, Newe, xxiii. 298). It is based 
that when bleaching powder is made to act upon aneizcess of stannous 
if “id solution, stannic chloride is formed at the expense of the avail- 

ibie chlorine in the former. Ae reaction is represented by the following equa* 


Co(ClO)01 + 2Ha + SnCl» - SnCfif + CaCI» -f H»0. 

excess of stannous chloride is afterwanls estimated by means of 6 standard 
wution of potassium dichromate, and deducted foam the amount ariginally emplojad : 


,, , aSjiCl* '+ K*c**0» + UHa « 8SnCl* + 2KC1 
Sup. 0 


+ Ci;*Cl« + 7IPO. 
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d^oncacid, and “>1"^" ** a pipette, diluted with distiUed water 

fnd^^^cfS-Woricaddta^fowdX^^^ 

ana 0 C.C. oi Jiyarocnior ^ ^ dichromato 18 mil in from a burette, 

SraTlu”f^doir“^i^-"ctberaU^^ If ^ IJt'f Sfl? 

d"Aroinato solution are required, 1 c.e. of the stannous solution will equal 2 c.c. of the 
former, and also 0-02 milligram of chlonuo. „« i» xv 

Twin, supposing the tin solutions to he of the above stecngth, 20 c,.^ of the new 
standardised solution si-e measured as before, diluted with watci, Tif™ 
wLdiing powder well triturated with water is added togethw with 10 or 12 c-c. of 
hvdrochknc acid. Tlie reaction is energetic and complete, and if a sufficient amount 
of hydrochloric acid is introduced, tlio solution will becomo perfectly clear. 

A few drops of solutions of starch and potassium loclide are now added, and after- 
wards standard dichromato solution, until the deep blue colour of iodide of starcli 
remains permanent. Supposing that 10 c.c. of tho latter solution are consuinod, then 
10 cc -^ 2 ^ 6c.c.; 20c.c.-ft c.c. 15 c.c. As 1 c.c. of tho stannous solution equals 
0*02 Cl.' and 15 c.c. are required for 1 gram of bleaching powder, then 15 x 0 02 


Cl 0-030 Cl = 30 per cent. . i xi. x • 

Herroshoif objects to Ponot’s well-knowrn arsenic method, upon the ground that, in 
tho first place, it is diflficult to ascerbuii the purity ot* tlio arsenious acid enii>loyod ; 
and secondly, that tho solution of sodium arsenite will not roraain with certainty iin- 
diaiiged for any Icvigth of time. In tho present insUince, although tho tin solution 
alters slowly by keeping, it is nevertheless a matter of a few moments only to re-sUn-' 
durdiso it accurately byme.jins of tho dichromate solution. 

The process, however, is not free from an objection which is sometimes urged 
against Bunsen’s method, viz., that many specimens of bleaching powder contain 
chlorate, which, liberating chlorine on the addition of hydrochloric acid, will consmuo 
a certain volume of standard solution, and thus raise tho percentage. Fonot’s method 


is not liable to this source of en-or. 

Another method is given by Craeger {pingL poh/t. J. cci. 167)» depending on tho 


use of ferrous sulphate. 

To a dilute and strongly acidified solution of ferrous suphato, tho s^ongth of which 
is exiictly fixed by a -^th potassium permanganate solution, tlio bleaching powder solu- 
tion is added with a pipette, the iioint of tho latter being placed close on the bottom 
of the vessel, so tliat tho bleaching powder solution forma tho lower layer of liquid ; 
the glass stopper is placed in the fiask, and tho latter, with its contents, is well shakeu, 
and then allowed to stand for some minutes, When a sufilciont quantity of ferrous 
sulphate is used, scarcely any smell of chlorine — in most cases, none at all — ^is per- 
ceived on opening tho flask. Tho excess of the ferrous salt is now estimated with the 
^t.h permanganate solution, the difference between this and the original amount of 
lerrous salt used representing the weight oxidised by tho hypochlorous acid, from 
which tho available chlorine in tlie powder is readily calculated. If 1 gram of blesch- 
ing powder be fixed as tho constant weight to bo taken, a sufficient excess of iron saH 
must be added to absorb all tho oxygen yielded, and to leavo not too large a residue 
to be estimated by the permanganate solution. 4 or 5 grams of ferrous sulphate m 
recommended as the weight to be used. The results are found to correspond exactly 
with those obtained by tlio use of Fenot's solution of sodium arsenite. Graeger does 
not recommend tho use of ammonio-ferrous sulphate as a substitute for ferrous siil]^l^> 
since it gives use to the formation of nitrogen chloride, as previously shown by 

Calvert rend, Ixxv. 411) analyses bleaching jiowder by oxlmusting a 

weight of it w^h water, trea^g the filtrate witJi carbonic acid, and baling 

while tho calcium chloride remains in solution, an^uiy be det^inin^by silTCffpitiafce 
or by evaporation to diyness, and fusion. Qhe average results give 1 part hypodhl^l^ 
to 2 of chloride. . 


S&MISOOUTBi This name is given to an iron oolite belonging to the bfO^ 
Jurassic formation of tho .A lps from tlio Glamisch, in the Canton Glarus. It 
a general interest, in sp far as its formation by deposition from an anedent 
admits of chemical demonstration. When the iron-oro is exhausted witli 
resultinff solutionis found to contain tho constituents of • sea-water, TUb> 
distinct^ recognisable quantities of chlorine (bromine, iodine), xnagnesiai 
Specimens taken from the veiy middle of the compact mass contained 
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coiistituentfi, showing that they could not hare been introduced bv subsequent infiltra- 
tion, but must have been derived from particles of sea-water me<mnically enclosed in 
the mass as it was deposited. The quantity of chlorine found was 0*034 p.c. (A. 
halticr, Deut. Cheni, Gea. Bar, v. 983), 

SKSnSf ZnS. — This mineral occurs at Unkol in rhombic dodecahedrons, somc- 
tiincs of considerable size, and having their faces thickly covered with smaller blende 
crystals, all disposed parallel to one another, so that the reflected images from their 
dodecahedral faces coincide with those from the faces of the largo crystal. The small 
crystals are very irregularly developed, but exhibit the face 303 in combination with 
ooO, forming a four-faced accumination of its octohodral summits, by which it is easy 
to recognise the situation of the faces of tho crystal. The occurrenco of 303, and of 
the Bubordinato faces odO qo and O, marks out tho independent form of tho small 
crystals, showing that tho faces of tho largo crystal have not boon corroded, but ore 
covered with a layer of smaller crystals in regular order (A. v. Lasaulx, JahrhKch f. 
Minerdogie, 1871, 037). 

BXiOOHi Inorganic Conatiiuents . — Analyses of tho inorganic constituents of dogs' 
blood have been made by Jurisch (Ann. Ch. Bharm, clxiii. 236). The blood was 
received direct from tho vessel in carefully weighed and stoppered flasks surrounded 
by ico in order to avoid loss by evaporation, The weight wsis accurately determined 
uilor the blood had been allowed to thaw. Tho blood was then evaporated, and the 
mass, before complete incineration, digested with hot water in order to extract soluble 
clilorides, &c., and thus provide against loss of those constituents by strong heat. 
'I'lio solution was evaporated, incinerated to destroy organic matters, and redissolved 
in -water. This solution was added to the fully incinerated mass, and tho whole 
oraporated and dried. In this manner the inorganic constituents were obtained with- 
out loss. As. however, even after the most careful incineration, it is almost impossi- 
ble to get rid of all tho carbon, tho results are always a little too high, but serious 
error is eliminated by comparison of tho found -with the calculated constituents. 

Tho ash so obtained is partly soluble in water, and completely so in hydrocliloric 
acid. Tho watery solution has an alkaline reaction. 

The following Table contains tlio percentage results of four analyses of blood-ash, 
tlirco of arterial and one of venous blood, compared with thoso formerly obtained by 
Verdcil : — 


] .... 

Arterial Blood 

Venous 1 
Blood j 

Vcrdell 


1 

II 

III 

IV 

A 

B ■ 

Phosphoric anhydride 

13*44 

11*84 

13*00 

11*02 

13*96 

11*69 

Sulphuric anhydride • 

4*08 

4*72 

3*28 

3*97 

1*71 

1-08 

Chlorine . 

30*56 

33*73 

30*08 

30*48 

30*26 

30*04 

Carbonic anhydride . 

— 

— 

— 

— 

0*53 

0*37 

Potasli . . . 

4*43 

3*64 

3*66 


1.5*16 

19*10 

Soda . 

41*00 

44-73 


41*81 

32*10 

29*03 

Linio . , , 

'1*01 

1-61 

1*25 

1-13 

1-10 

0-70 

Magnesia . • • 

0*70 

0-76 

0-64 


0*67 

4*38 

Ferric oxide , 

9*14 

0*68 

7*66 


12-78 

8-66 


JariseVs results agree in many points with those of Verdeil; but ho finds no carbonic 
Acid, and his percontara of soda are much higher, and those of potash lower than in 
Ve^oil's analyses, quantities of phosphoric acid, chlorine, lime, and ma^^nesia, 
and^orric oxido, differ but .little.* 

The following are the mean percentages of the various constituents calculated from 
Jansch's four analyses - 

^ Jari8QlL*S paper, Ueblg; remarks i * The differenom in the determinations of potash 
donbtlen due to the varyinff amonati of the two aUealta in thS blood. Blood or oaieii. 
V^agntezed here (at ICnnSoh) gave by dlalras eodlnm ohlorldo and an abtindonoe of potossliim sslta | 
liquid effBeveioed with adds and contained a enudl quantity of phosphate of alkiai> 
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Fhotti^oriii anhytlrido 
Sulphuric anhydride 
Chlorine . 

Potash 

Soda 

Ijime 

Magnesia . 

Ferric oxide 


In 100 parts 
of Ash 

. 12-32 

. 4*01 

. 31-43 

. 3-83 

. 42-01 

. 1-26 
. 0-65 

8-34 


Total amount of Asli in fresh Blood. 
Calculated Pound 

0-8610 0-8922 


In 100 par)» of 
fi’esh Blood 
. 0-1103 
. 0-0358 
. 0-2805 
. 0-0342 

. 0-3748 

. 00112 
. 0.0058 
. 0-0948 


Dissolved Earths and Phosphoric Add in Alkaline Blood, — The existence in the hlooJ 
of earthy phosphates combined with albumin, and Uiorchy kept in solution, has often 
been as^med, but the earthy albuminates have not hitherto been ^tually prepared. 
Fokker, however {PJlutjers Archiv. vii. 27-4), has obtained the albuminates of lime iiiid 
magnesia by leaving ii mixture of albumin with the earth to stand for several hourti. 
Lime-albuminate is most easily prepared by placing filtered white-of-egg in a shallow 
basin, placing a piece of filter paper on the surface, and strewing pounded lime on it. 
In a few days a translucent gelatinous layer of lime-albuminate forms on the under side 
of the paper. Lime albuminate is soluble in -water, in solution of sodium chloride, and 
in phosphoric acid. Its aqueous solutions are not coagulated by boiling, except after 
the addition of neutral salts. They are precipitated by acids, the precipitate being 
soluble ill excess. Magnesia albuminate is soft, slimy, and much more soluble iu 
-water than the lime-compound. 

When an aqueous solution of limo-albumimato is precipitated by carbonic acid, tlio 
precipitate dissolved by sodium carbonate, and sodium phosphate added to it, a dear 
sometimes opalescent fluid is obtained, which will remain for many days unchanged, 
and has a strongly alkaline roHCtion. It contains lime, which can bo precipitated by 
ammonium oxalate. The alkaline reaction of the liquid shows that the lime is not 

5 resent as phosphate, and the fact that the solution may be boiled or k^t several 
ays in vacuo without becoming turbid shows that the lime is not present as carbonato 
dissolved in excess of carbonic acid. It is present as lime-phosphatc-alhHminate, The 
alkaline reaction can bo duo only to alkaline carbonates (or phosphates). The addition 
of free alkali causes a precipitate of calcium phosphate. If a solution of lime-albumi- 
nate is mixed -with sodium phosphate, the phosphoric acid combines with the lime, and 
soda, which again destroys the newly-formed compound, is sot free ; but if the lime- 
albuminato is first precipitated by an acid and sodium phosphate then added, ^e acid 
used in tlie precipitation neutralises the soda, which is set free, and the lime -phosphate- 
albuminate remains in solution. 

That lime-albuminate is present in blood is shown by the fact that serum behaves 
exactly like solutions of lirne-albuminate, i.e. it can bo preserved for some time 
vacuo without depositing calcium phosphate ; but this is gradually thrown down by 
caustic alkalis and precipitated by ammonium oxalate. Tlie serum must bo much 
dilutoil before the caustic alkali is added, as an albuminate is otherwise apt .to form 
which interferes with the deposition of the precipitate. . . 

lb is probable that all the lime in the serum is present as limo-albuminato, and 
that no other lime-compounds exist in the blood. . , 

Iron in the Blood of an Invertebrate Animal. — The blood of the Idmate fiava is almost 
colourless, and contains numerous elliptical corpuscles, about tho size of the bl<»d- 
corpuscles m the cow: It has nn alkaline reaction, and consists of water 98*095 I*, c., 


Now if iron really forms a constitneut of the blood of the snail, it may bo expected 
that, as in tho higher animals, it will bo present in tho blood in larger prop^cn 
jn the muscles. At first sight it would appear not to be so, for &e ^i£ 
ftom Its intestines, contains water 84 88, diy residue 15-12, ash 3, and iron O-OOilfff 
p. c., a quality of iron larger than that in the blood. This is due to the 
pmortion of solid residue in tho muscles; and when equal quantities of 
residue of m^do and of blood are compared, the latter is feund to contain moM 
twice as mu^ iron as the former, the numbers being 0*01 77 p, c. of iron in dried; wW 

proportion is very much smaller than in 
wi w red blood, the dried blood of tho ox containing ton times as much iioii 
drirf mufide. lie (mount of iron in tho Mood of the T.W« i. only 

tbaUn red Wood. 3he Mlojorlem character of tho blood is duo to the 




BLOOD. 


197 


1 , hemoglobin, or to the preflcnce of an analogous substance in small quantity only, since 
tho blood remains yellowish, and does nob acquire a red tint oven when concentrated by 
evtiporation (Boussingault, CbmjpU rend. Ixxv. 173). 

Action of Carbon monoxide on ike Blood-globtUev.—Ch Bernard (i7. Phar?n. [4] xiii. 
2')d) recommends tho displacement, of oxygen from blood by carbon monoxido 
Sitppi^ 364), as a method of collecting tho gases of blood for analysis. Tho blooil is 
ili'ii>vn from a vein or artery, as the case may bo, by means of a graduated syringu, 
into which a volume of carbon monoxide equal to that of tho blood to be. analysed has 
lioon previously introduced; this prevents access of air, and formation of carbon 
dioxide. Tho blood is agit-ated to facilit.ito the combination of the carbon monoxide 
and liacmoglobin, and then introduced into a glass globe in which a vacuum has been 
previously made by means of a mercurial pump. 

Tho gases of tho blood are then evolved, and may bo submitted to analysis in the 
oi'dinaiy way. In an experiment thus conducted it was found that arterial blood, on 
ils entivincc into tho muscle of a dog's tlugh, contained 7 ‘31 p. c. by volume of oxygen, 
whilst tlio venous blood of tlio same muscle contained only 5 volumes, 2‘31 vols. 
lifiviiig therefore disappoai.*ed in tho muscle. 

To detect the presence of carbon monoxide in .an apartment, Bernard recommends 
the s]iectroscopic cx.amination of tho blood of an animal which has been kept in it 
(S«() further, C/iem. Sog. J. [2] ix. 839). 

Quantity of Ammonia evolved from Blood ly Potash and by Permanganates.’^'BlQQdi 
yields about ono-fifth ns much ammonia to potash as to potassium permuganato. 
100 fi.c. of sheep’s blood heated to 150° with potash give off 0*46 gram of 
nninionia, and tlio residue heated with pornmnganate yields 2*20 grams of ammonia 
(AVanklyn, CJhem, Soc, J. [2] x. 646). 

Scparatmi of tlic Colouring Matter of Blood by Solution of Tannin, — Traces of blood 
ill iirino and other liquids may be detected by adding ammonia or potash, then a 
t^olution of tannin, and lastly acetic acid to slight acidulation. If blood is present, a 
(lark coloured precixu'tate immediately fonns, which after treatment with sal-ammoniac 
and glacial acetic acid, yields splendid crystals of hsematiu (H. Struve, Zeitsekr. and, 
Uicui, xi. 29). 

Influence of Quinine on the process of Oxidation m the Blood. (A. Schulte, 
.V. liep. Pharm, xx. 539). — Quinine is know'ii to exert great power in arresting the 
]>rocesscs of femieiitation and putrefaction, and to act as a powerful poison ou the 
lower organisms, or to speak more generally, on all moving bodies consisting of proto- 
I'lnjiin. It kills tho fungi, bacteria, &:e. which accompany fermentation and putrefac- 
tion, and ])uts a stop to those proco.sses themselves. It arrests the motion of the 
Avliito blood-corpuscles, .and thus prevents them from making their exit from tlie blood- 
vessels, It. therefore diminishes or arrests tho formation of pus in inflammation, pus 
ronsisting in groat measure of au accumulation of white coipusclcs wliidi have issued 
from tlio vessels. It destroys the power of certain substances to produce ozone, and 
umongst others, of the red blood-corpuscles: hence when present in the blood, it 
ivtards tho change of tissue, and thereby lessens the production of heat It has 
indeed been shown by Biinke and Kernor that the amount of uric acid and urea 
excreted in tho ui’ino is greatly diminished by large doses of quinine. It remains n 
question, however, how much of this effect is duo to tlio direct action of quinine on 
oxidation, and how much to its indirect influence through tho nervous system. The 
former view is supported by an observation of Harley, who found that blood to which 
quinine had been added, in the proportion of 1 part to 12,000, took up less oxygen and 
give off less carbonic acid than normal blood. 

Tho most convenient method of investigating this quesUon of oxidation, is to 
observe the changes in the alkiilinity of the blood. Zunts noticed that a considerable 
formation of acid begins to take place in blood immediately after it is drawn, and 
continues in a Idsser degree till putrefaction begins. The amonnt of acid formed was 
estimated by the diminution it produced in the alkalinity. Tho process employed ft>r 
this purpose depends upon the fact that the colouring matter of blood-cc^ascles does 
not difiUse out of them into sufficiently concentrate solutions of sodium chluridSi 
while tlio alkalis or salts contained in the corpuscles diflbse rediljr. 

The alkalinity was determined bv means of dilute phosphoric add to which a qiian* 
tity of sodium chloride bad been added, suffldent to prevent the solution of ^e. blood- 
cwpuscles and the consequent interference of their oolooring mattw with the reaction. 
Tho point of saturation was considered to be reached when a distinct Mddening of l^e 
litmus-paper Was produced, even though theied disappeared immediat^y. This txaniiiant 
I'eddening by carbonic acid was chosen rather iwan the flxst permanent reddenibg, 
bi’cimso it cnuld bo more easily obsorved, Th:s mode of pbscfriitiotf doM notgiwthe 
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absoluto amount of alkalinity, but tho comparativo amount in difibront aamples of 
blTOd is all that is vanted ; and if they be troutod alike as regards tem^xature, and 
agitation, &c., tho orror caused by the carbonic acid is tho same in all. Tho amount of 
error may bo approximately outimatod by noting the point at -which a transient redden- 
ing occurs ill the cold solution of sodium carboiiato of nearly the same alkalinity ay 
the blood, and then dotermining tho real alkalinity of tho boiling solution. 

By this modo of observation, Zuntz and Scharronbroicli found that quinine and 
berburine lesson tho production of acid ; and this result is confirmed by A. Schulte 
(N, Hep, Pftarni. xx. fi39), whose oxporimotits show that quinine can stop tho 
formation of acid, both before and after tho congulntion of the blood ; also that sodium 
picrate has a similar action to that of quinino, and is nearly as powerful, while cin- 
chonine has a vory much smaller effect. Harley found that while quinine lessened 
oxidation in tho blood, other substances, such us snako-poisoii, increased it. It would 
seem also, from tho experiment of Binz, that similar processes occur in tho living 
body; for when putrid fluids were injected into tho circulation of an animal, its 
temperature rose, but if these fluids -were previously mixed with quinine, or if a doso 
of quinino was injoetixl simultaneously with thorn, tho rise of temperature was 
niTostod or much dirninislied. Zuntz, to determine the influence of quinino on tissuo- 
(‘hange, and tlio excretion of urea, put himsolf on a constant diet, and after tho daily 
amount of urea excreted had become constant, took tliree doses of 0'6 gram of quinino 
hydrot'hloride, for two days. The amount of urine at first incrcasod by a third, and 
then dimini.slicd by a corroaponding account. Tho specific gravity sank from 1-018 to 
1*012, the urea sank ouo-third on tho first day on which quinine was taken, and -wa.s 
still further diminished on tho second. As soon as the quinine was stopped, tho ureu 
increased, and reached its normal amount on tho fiftli day. 

According to Kornor, {Vfluger^i Architr. iv. 27) quinino puts a stop to the motions 
of the white blood-corpuscles, and renders them round and darkly granulated. Thi.s 
action is not duo, as Strieker and others have Buppo.sod, to tho presence of free acid, 
inasmuch as porfectljr neutral hydrochloride or carbonate of quinino in tho proportion 
of 1 part toiOO of fluid, produces this effect, either in aqueous or in alcoholic solution. 
Solutions of salicin, caffeine, atropine, and sodium arsenito in a similar stcite of concen- 
tration havo little or no eficct. 


On the Compoaition of the Blood in Chyluria, see Hoppe— Seylcr (Med.-Chem. 
UnU^aitchungm, 1872, 551 ; Ch^^m, Soc. J. [2] ix. 740 ).— the Blood and Urine iu 
jMikhamm, sec Rcichnrdt, Arch, Bharm, [2] cxlv. 112; Chem, Soc, J. [2] ix. 421, 

Bwmoglobliia — Important observations on the prcsouco of tliis substance in tho 
muscles of Moll-usca, and on its distribution in tho living organism, havo been made by 
E. Itay Lankester {I^lvgcr^s Archiv.f, Bhgsiologief iv. 316). 

The pharynx of tho gastt^opoda is red, and in lAmntBve and Paludina the colour is 
mie to hflemoglobiii ; this is proved by the spectroscopic appoapance.s and chances. 
Perhaps as other gaslcropods havo their pharynges of a red colour, this is in all esses 
produced by hsmoglobm. The blood of tho above and other gasteropods contains, 
however no luBmoglobm, and i.s. in fact, colourless. Tho only molQ in which 

ofTl^tant^wl'cSo^™'* spodes, in \rhich th« blood is 

“ ‘•‘“Wbutod through tho pale ydlow mnsoular tisBue of tic 
refractilo granules are also aeon. These are sops- 
Pexiont-granulos surrounding the ganglion-cells irliich W- 
the nerve-centres, and are of a brilliant yellow or omngo colour. The bum 
’? *® “'ivaiy glands. This yellow pigment gun no 

P>‘®eealttaDgUa appearedtocon^hwnSloW”- 

• 15 .* ^ yellow grannies stand in relation to the derslopttent^ the 
1 t’ssao. or that occasionaUyth^ may became mmsgnatod 
e*Paeted that the manner'irwhiA taSSfe )• 
f^l®?^'i®*®,®“*"^®> "“f ‘he form in which it exists in their muscles^ tb«* 
formation of lisemoglohm in tiie blood-globules of the VeitUiriibW ’ 

M {hat tho province of hnmoglobin in the animal k^ig^ 

be eiiinuuuvl rli.f ti* ® ®®^y related to tho activity of tho muscular tissue. It' eiWd 
be eiippo^ that the presence of hsemo^ohin iu the muscles in the above ASSi i* 
The presence of hmmoglobiu iS the phirynx SSof the gafcSS i* 
accordanM with tiie observation previously niadobv LenWe^fW 
most active and powerful muscles are SdiTwSh h^SST 

““ 'A 

IHrirUuHim otBmmm in varicut Oro«Bfs;M».-_H»moglobin has h^J 
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in the following coses by moons of tho Bpectroscope : — 1. In tho blood of the rortebroto 
the heemoglobin is located in the rod corpuscles. In Ampkioxtis it is found in the 
plasma, and not in tho corpusclQS. 2. In most of tho striped muscles of mammalia 
and birds ; but only in the cardiac muscles, and in certain very active muscles of other 
vertobrata. 3. In tho unstripod musclo in the human rectum ; in other unstriped 
muscles it is mostly absent. 4. Its presence in the Annelida is variable ; in some of 
these it is accompanied by a second dichroic substance very like limmoglobin in its 
spectroscopic relations, It is present in tho fluid from tho perivisceral cavity of 
the leech. 6. Hsemoglobin is distributed through the plasma of the so-called blood 
of the lar\'a of Ckirononius; but it has been sought in vain in other insects, myriapods, 
and arachnida. 7. It is also, present in the blood-plasma of certain crustac^ns, 
whilst in others it is absent. 8. It is, for tho most part, absent from tlio blood of the 
molluscs, though it is present in tho blood of a gasteropod— viz. Planorbis. 9. Iloemo- 
plobin is met with in the muscular fibres from the pharynx of gasteropod molluscs, 
as JAmnaits and Paltidina, wliilst it is wanting in their blood. 10. There is perhaps 
tiome connection between haemoglobin (which is not mot with in plants) and chloro- 
pliylloi’d bodies. 

Compound of Hamoglohin with Carl)on nw^iox^ide. Carhoxy-hainoglohin (Is^ Suppl, 
354). — Somo discussion has arisen as to the manner in which carbon monoxide is 
iijiitod to haemoglobin, and ns to whether tho resulting compound is a fixed compound 
or not. Dondors {Pflilgef^s Archiv. iv. 28) states that ciirbon -monoxide may he exiMllod 
from blood saturated with it^ by oxygen, carbon dioxide, and hydrogen, oven at 0° ; 
oxygon does not convert tho monoxide into dioxide, but simply drives it out. If this 
Tjo t he case, it should bo possible to pump the carbon monoxide out of blood saturated 
with it, although it may not bo rcinoveil quite so easily as oxygou. 

Tlio possibility of this, though denied by Eawrocki and Pokrowsky, appears to be 
established by tho experiments of Zuntz {ibid. v. 584). When blood saturated with 
carbon monoxide was placed in a receiver connected w'ith an exhausting pump, and 
warmed to 37°-42° an active escape of gas took place, ceasing apparently at tho end 
of half an hour. When, however, the pumping was continued at various intervals, 
fresh rjuaiititios of gas were givuTi olT, and a fiirther quantity was obtained by heating 
tho receiver to 60^. The blood so exhausted was found to give the spectrum of 
r(.diu.‘od ha.moglobin, which was r«.'plncod by the spectrum of oxy-hmmoglobin after 
standing in tlio uir. The haemoglobin had not undergone decomposition, two 
analyses giving exactly the same results. The gas obtained was freed from carbon 
dioxide by caustic potash and from oxygon by potassium pyrogallate. The oxygen 
oi)taiuod, derived in all probability from the air, does not give rise to formation of 
carbon monoxide. 

The gas obtained at 60*^ was analysed separately from that at 40^. From 31*65 c. c. 
of dogs’ blood, sp. gr. 1071 1 the quantities were — 

at 40® C. - 4-607 c. c. CO (0® and I m.) 
at 60® C. - 0-998 c. c. CO 

Total = 5-605 c, c. CO 
=s 17*7 p. c. of the blood- volume. 

These experiments demonstrate tho important fact that the gas cannot be pumped 
out all at once, but only at intervals. Schoffor {CentraUfl. f, d. medicin. Wisaenaehaft 
1866, No. 42) found that this was also true of carbon dioxide, and he attributed tho 
result to tho progressive dovolopment of an acid in the blood, by which the gas was 
set free. Zuntz, however, shows that this supposition is untenable, because he finds 
that a solution of sodium bicarbonate similarly treated gives off carbon dioxide in the 
same fitful manner, though the effect cannot m this case bo attributed to the gradual 
development of an acid. Moreover, the total quantity of carbon monoxi^ obtained 
agrees with that which was previously dissolved in the blood, whereas if its evolution 
were due to progreseive decomposition, the quantity evolved should be greater. 

The preceding results sufficiently account for the fact that other investigaton weie 
unable to extract carbon' monoxide from the blood by oxhauation, inasmuch as the 
process was supposed to be complete when no more gas was evolved after the first 
pumping. They must also modify received ideas regarding poisoning by ehavcoal v 
inmoB. It need no Ioumt be supposed that carbon hionocdde o^ot be lemov^ fresa 
the blood, except by oxidation to dioxide. So long as the heart ml beate, theM is 
uojM of restoring the blood to its normal condition by energetic artiflrial respisation. 

According to Podolinki Archiv. -vi. 56$) blm saturated wiui car^ 

ui^oxide is completely deprived of that giU by: agi|«rion ibr h*E^^g^^^ 
f^ydrogen, and more rapidly by oxggaiu ffioffide 
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likewise expelled by hydrogen, but less rapidly than carbon monoxide. Hence it 
appears that the compounds of hsemoglobin with carbon monoxide and nitrogen 
dioxide are similar in chara^itor to oxy-haemoglobiii : the order -of stability being, 
oxy>hiemoglobin, carboxy-hmmoglobin, nitroxy-hsemoglobin. Each of the three gases, 
O, CO, NO, can bo expelled by the one immediately following, and each also mow 
easily by throne immediately preceding, than by any other indifferent gas. 

According TO Koschlakoff and Bogomoloff {Zeitsekr, anal, Chem, viii. 228) solutions 
of oxy-hsemoglobiii and carboxy-hsemoglobin, through which ammonia is passed 
gradually, turn brownish -green and no longer exhibit any absorptioa-bands. Arsine 
colours solutions of oxy-hicmoglobin, first yellow-brown, then green-brown, the 
absorption-bands gradually disappearing and being replaced by the 1)and of reduced 
hsemoglobin, whereupon the solution becomes somowliat red ; on the next day, however, 
the last-montioiiod band disappears. Corboxy-hsemoglobin is colourod dingy groon 
by arsine, and its absorption-bands are destroyed. 

Absorption of Oxygm by the Blood. — Estimation of HaflU^obin. From experiments 
made by N. Grchant {Compt. rend. Ixxv. 495) it appears mat normal arterial blood 
does not contain as much oxygon as it can take up. The amount obtained from blood 
from the carotid of a dog under ordinary circumstances was 16 ’3 volumes p. c.; 
after the inhalation of oxygen this rose to 23*3 p. c., but blood from tho same 
animal saturated with oxygen by agitation contained 26*8 p. c. Tho quotient 
evidently depends on tho rapidity of tho circulation through tho lungs, tho hoaltliy 
condition of those organs, the activity of tho respiratory movements, &fi. Thus the 
relation of tho volume of oxygon actually contained in arterial blood to tJio m;iximiim 
quantity whicli it can absorb represents with tolerable exactness tho effect produced by 
tho respiratory eflhrts. 

Tho amount of oxygen absorbed by specimens of blood from different animals of the 
same species varies with tho amoiiiit of hmmoglobin they contain, and tho quantity 
of oxygen absorbed affords a ready method of estimating tho hmmoglobin. As 
part of the oxygen, however, is taken up by tho salts of the blood and dissolved in 
the serum, it is bettor to use carbon monoxide, which is absorbed to a somewhat smaller 
extent than oxygen, and indicates tho amount of haemoglobin more exactly. Some 
experiments made by this method seem to show that haemoglobin is destroyed in 
tho liver. 


Influence of Acids upon the Oxygen of HtBrnoglohin.’^LothtiT Moyer observed that the 
addition of tartaric acid to the blood caused a largo proportion of tho oxygon con- 
toiiiod in it to disapmar. This observation has boon confirmed by Pfliiger and 
Zunte, who find that phosphoric acid exerts a similar action, which they attribute to 
tho splitting up of the hemoglobin by tho acid, and tho subsequent oxidation of one 
of the products of its decomposition at tho expense of tlie oxygen in tho blood. Those 
experiments have been continued, under Pflueor’s directions, by G. Strassburg, who 
finds that the addition of phosphoric acid to chemically pure hsemoglobin suspended 
m '^ter, or dissolved in sodium carbonate, causes oxygen to disappear from it 
in the same manner as from blood, Tho amount of oxygen loosely combined witli 
diy hsemoglobin at 0® and 1 meter pressure appears from these experiments to be 
ftom to 0*8862 c.c. to 1 gram of haemoglobin, instead of 1*277 c.c. as found by 

Prayer. Ihe variation in tho amount seems to show that oxidation takes place in 
solutions of hamoglobin saturated with oxygon, and that part of the oxygen cowe- 
iv^64r” pumping out the gases of the blood 


^ SchnUenberger b. Rider {Compt. rwA ten, 

440) deterone the quantity of oxygen contained in blood meanti of b etandud 
mlutaon^ eodi^ hypogulj^ite Na»SO* (Id Buppl. 1063) add^in BufficieiltqnBDt% 
to Bbeorb immediately ^1 the available oxygen ; the excm of hypoanlpbitaadlbili 

deroWng a solution of in^la^e. 
the hypomlphito solution is previously detsimined vHtIt »■ 
fer^ to an o^omacal solution of copper containing 4-46 grams of enpriti jU'r 
phate per litre, 10 c. & rf ■which, when deodorisad % tho ^posnldii^ |i*ld 

1 c. c. <rf oxygen. Olie hyposulphite solution should be equiv^t to Soft « 

»“d to three times itTvolnme of til# 
w «5S hyposulphite IS oxidised ly free orrewi, it is convBtsd'W 
^phito.Na«Sq*, e^ atom of o^gen oxidising 1 moL^the hyposnlri5itoi*»t 
2^ ““Prie solution, 1 atom of 

2 mol. of tho hyposulphite^ probably converting it into an acid of the 


senes. 


^ m estimation of^ vxjgfm M blood is muds by meaiis of a tiima.iMitea^l 
Itating the eapaaty of a lite. Into the middle a^rtnre ate fitted, 
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Cfioutchouc stopper, two Mohr's burettes, one containing the hyposulphite solution 
auil the other the indigo. The two other apertures servo for tho ontraiico and exit of 
II current of hydrogen gas, and for introducing tlio other liquids by moans of a tap- 
funnel. 

Into this vessel are introduced, a half litre of spring water (containing free oxygen); 
50 c.c. of water holding in suspension 5 grams of kaolin (which renders the 
u'ator opaque and makes tlie changes of tint visible, in spite of the colour of the blood); 
ii small quantity of indigo-carmine ; and, lastly, by moans of another burette, a quantity 
of tho hyposulphite solution sufficient to absorb the oxygen and decolorise the indigo. 
The bottle being then closed, the air is expelled by a stream of hydrogen ; and by 
introducing, first, a small quantity of tho hyposulphite, then of indigo-carmine, a 
point is easily found at which tho liquid contains iioitlicr oxygen nOr hyposulphito 
in uxcoss. GO c. c. of hyposulphite arc now introduced ; then by means of 
tho funnel, G c.c. of blood ; the liquid is shaken, and tho indigo-solution allowed to run 
ju drop by drop, till tho liquid just acquires a permanent violet tint. Lfistly, tho 
volume of hyposulphito equivalent to that of tho indigo employed is deducted from the 
50 C.C. of hyposulphito, and tho quantity of oxygon corresponding with this diffcrenco 
iei ileterminod by calculation. 

ISchiitzonbergor a. Itisler have hitherto exporimcnlcd only on ox-blood or dog-blood 
satur.'itiid with oxygon, and with tho same blood deoxidised with the air-pump or by 
carbon monoxide. Tlio general results of their observations arc ;is folhnv: — 

If the oxyliaemuglobin of the blood .acted on tlie hyposulphite in the .jamo 
milliner as free oxygen, a minimum of 88 to 90 c.c. of oxygen should bo found 
for 100 c.c. of ox-blood agitated in contact with the air, and a minimum of 50 
to 52 c.c. of oxygen for 100 c c. of blood deoxidised by tho air-pump or by carbon 
monoxide. ^ Tlio difference is 38 to 40 c.c. NoW tho blood rsaturaU>d witli oxygen which 
•was experimented on, yields to the pump only 19 c.c. for 100. Itfollo^vs, therefore, that 
the oxj'gen of tho blood acts on tho hyi)osu]phito, not like free oxygen, but like tho 
coinhiiicd oxygen of an ammoiiiacal cupric solution. Tho preceding numbers must 
tlicreforo be divided by 2. 

It appears then that blood saturated with oxygen possesses, with respect to tho 
hyposulphite, an oxidising power equivalent to 4o c.c. of oxygen per cent.; and that 
blood dcoxygonated by the pump or by carbon monoxide has an oxidising power equiva- 
lent to 25 or 26 c.c. of oxygen per cent.. Blooil saturated with oxygen by exposure to 
tho air, or rather oxidised haemoglobin, posscs.ses therefore an oxidising power 1^ time 
.IS gro.nt a.s that which has hitherto been attributed to it accoi'dlng to the volume of 
oxygen separated by tho pump or by carbon monoxide. This additional quantity of 
oxygen exists in a state of more intimate combination with the colouring matter, and 
4‘iiiinot bo rcmov'ud except by clicmical reducing agents. 

A 10 per cent, solution of blood saturated with oxygen, and then mixed with excess 
of hyposulphite, exhibits tho spoctral line of reduced haemoglobin, and becomes darker, 
its colour changing to rod-violet. This reduced solution, after agitation with air, 
aguiii yields by titration tho same quantity of oxygen as before the reduction. 

Boematln and Ita deiiwatlwM. (Uoppo-Se^ler, MeduAmah^chemheke Unter- 
Bnchtmgtn, 187 1. 523). — Hiematin contains, according to Hoppe’s analysis, 60*91 to 
61'18 p. c. carbon, 5*20 to 5*41 hydrogen, 8*63 nitrogen, and 8*68 to S SS iron. From 
these numbers ho formerly deduced tho formula (Is^ Sup-pl. 355) ; but 

he has since prbposcd tho formula C®‘*H'“N»Fo-0** which requires 64*36 C., 6*38 H., 
^'83 N., and 8*83 Fe. This agrees nearly with the analytical results, so far as regards 
the hydrogen, nitrogen and iron, but di&rs greatly in the proportion of carbon it re- 
<liiires ; which is more nearly that found by Mulder, viz. 64*63 to 66‘01 p. c, 

Sdmatop&rphyrin and HavinaUflin . — ^When a solution of hsematin in oil of vitriol is 
altered through asbestos, a beautiful purple-red solution is obtained, whidi gives a 
Hinall dark absorption-band just before the lino D, and another very sharply defined 
hand ^tween D and E. When this solution is mixed with water, the greater part is 
pMcipitated, the prempitate being increased by addition of alkalis to noutxalisation. 
^ne alkaline acmeous solutions of the precipitate are characterised by a faint band 
»»twoea C and I), a similar faint band Detween D and E, nearer D, a dark band in 
tho same interval but nearer E, and lastly, a very dark band between b and F. This 
hamatoj^r^yrin, is free from iron, and gives by analysis 68*42 p. c. 0., 
an® 16*93 O., agreeing nearly with tho formula C**H^*N*0**, or 
Y H N*0»®.2H*0, which requires 68*34 p.o. C., 9*38 H., 6*20 H., and 16*08 Q. Its fbnna- 
ion requires the presence of oxygen, ana is represenM by the equation : 

C«H»»N«Fe*Ow + 0* + 2H«0* - + 2PeSQ*. 

When, on tho other hand, hematin is acted upon by sulphuric acid in closed 
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hamatalin is formed, 'whicli ig but very slightly soluble in sulpliupic acid, 

und very sliglitlv soluble in caustic potash. Composition by analysis, 72'94 p. c. C., 
10-02 N., 6 06 H., 10 09 0.; by calculation, 72-98 0., 10 02 N., 6-98 H., 10-02 O, 

Action of Ueduoing Agents on Hasmatin. — Hacimatin offers considerable resistance 
to oxidising agents. It is, however, very sensitive to reducing agents, both in aeij 
and alkaline solutions. By boiling a solution of Iimmatin with caustic soda and 
pulverised zinc, us also by the action of sodium-amalgam on hsematin in presenco 
of water, reduction-products in groat quantity are formed. They are all^ free from 
iron, but tlicir separation is a matter of groat difficulty. Thoir solution gives a com- 
plicated speclruiu, with live absorption-bands. No exact analysis can bo given. 

Tin and TlydrocUoric Acid net on hsematin, in presence of alcohol, differently, ac- 
cording as the hsematin is fully dissolved or not. When a concentrated solution, or 
one contaiuing excess of hsematin, is heated with tin or copper or zinc on the water- 
batli, a purplo-red solution is formed, with, after a time, .a resinous dark violet 
precipitate. The solution is characterised by two dark absorption-bands between X) 
and E. When hiematin, or hmmin crystals dissolved in alcohol containing sulphuric 
acid, arc decomposed by hydrochloric acid and tin, and licatod, a purple solution is 
formed, which also has a characteristic spectrum, viz., one band between D and £, 
another just before D, and another broad band between b and F, covering the latter 
lino. When the evaporated solution is poured into boilhig water, a brownish prccipi- 
tabu is formed, soluble in alcohol. This on evaporation yields a colouring matter, 
which in properties resembles the oxidised product obtained by distillation from tho 
heemutin reduced by zinc powder, and appears to consist of C**H!*°N>C10'. 

Behaviour of Htsmatin vohtn treated withBhosphorous Chloride containing free Bhos- 
fhoTUs . — When hinmiii crystals arc hoated with this substance to a temperature of 
140°, in closed tubes for C-8 hours, a purple-brown fluid is formed, which gives a. 
spectrum with throe absorption-bands, one betw'ceu C and B, close to C, a second 
between D and E — nearer E, and a third between h and F, beginning from 6, and 
extending to the middle between 6 and F. No evolution of gas follows the opening 
of tho tubo.^ A crust forms on tho sides, which, however, is easily s^arated. This 
substanco is to a certiiin oxtenb solublo in water, giving tho same spectrum as 
hffimalx)porphyrin. From tho part insoluble in water a substanco is obtained re- 
Bumbling hsematin : it contains phosphorus, and gives by analysis, 62’67 p. c. C., 
7'-l8 N,, 5*11 H., 8*02 P., and 26*72 0.: hence its formula ar pears to be 
or C«H’“N«0»».4H-P0‘ (calc. 62'78 C.. 7*24 N., 6 05 H., 8-02 P.. and 26-91 0). 
Tho agreement of tho spectrum of this substanco with that of hoematoporphyrin seemH 
to show that tho latter consists of C®*H,^®N*0*®,2II®0, or that it is a hydrate of tho 
sumo molecule as that contained in the phosphorus-compound (Hoppo-Seyler, Jfcferf.- 
1871, 543). v j » 


Action of Ainmonia, Arshie, and JStibine , — Alkaline solutions of are 

coloured orange hy ammonia, the absorption-bands become paler ; a broad but diffuse 
shadow appears in the groonpartof the spectrum, and after some time, an amorphous 
precipitate falls to tho bottom. This precipitate dissolves in acetic acid, and the 
solution exhibits bands of acid lisematin. When arsine is passed into an alkaline 
solution of heematin, the colour of tho liquid gradually becomes rod, and two of tlie 
absorptioU'bands of reduced hsematin appear. Agitation with air restores the 
colour of tho alkaline hsematin, but after a few seconds, tho solution begins quickly to 
redden, and this altx^rnation may bo repeated about ton times. If the passage of tho 
arsine bo longer continued, tho alkaline solution turns brown, and sometimes deposits 
steel-grey crystals of arsenic on the followug day. After this time, no moro bandsesn 
bo soon ; nevertheless, tho pre.sencQ of hsematin may be demonstrated by means of w 
ammoniacal solution of ferrous tartrate. The bands of reduced hsematin may he 
recMisod at a much greater degree of dilution than those of the alkaline or of the 
acid solution, a fact which seoins to show that, in spito of the action of the' 
part of the hsematin has remained undecomposed. The action of stibine is the •aroo 
as that of arsine (Koschlakoff a. Bogomoloff, Zeitaehr. anal, Chemie, viii. 228). 


liigmochimmogeri.-^VTom the most recent experiments of Hoppo-Seyler 
Unwe, 1871, 623), it .appears that hsematin is not a direct product of the eplittieg^F 
of httm^lobin, but results from such a decomposition accompanied by 
Tins oxidation takes place, however, so rapidly, that it is only by special WfCcWtfem 
p^ucta eon ^ obtained. When. 

globin u led^ by hydrogen and decomposed by alcohol cmt^ainir mlnhiAi^'* 
caustio potash, in an apparatus from which oxygen is coinpletelve:Aiidaf«edUiN 
matter IS produced, which is acid, has a pnrple-red colour in aUuUna MlatidiA 
cluiKM^Bsed by o^n de^ite absoiption-bands. It is this wbitaiue, 
gm, which yields branatin by oxidation. It has not yet been isdated I* 
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]iy reduction of hematin, but its spoctrum agroos generally with that of reduced hsematin 
(p. 202). Hoppe-Seyler supposes it to have the composition 0*^ll**N*FeO*, and ro- 
prosonts tlio formation of hsematin from it by tho equation : 

2C»'IP«N*FoO» + 02 =r C«H“N*0«.2H*0. 

Bonnra vonrxB or bomo&ooovb osojkne coMvooiraB.— 

ICopp’s wolL-known law, that tho differences in boiling point between consocutire 
members of tho same homologous series are equal, has been called in question by 
J,iiiiiomann (Atm. Ch. J^harm. clxii. 39), from whoso experiments it appears that these 
ronsocutivo differences are by no moans equal, but exhibit considerable variation. Tlio 
;ip|)iiratiis used by Linncmann fdr the fractional distillation of tho several compounds 
aiiil the determination of their boiling points is so contrived as to reduce to a minimum 
the errors arising from irregular boiling and from overheating (see Distillatiox, 
J’hactional). In twoniy-flvo doterminntious thus made upon eleven different bodies 
(;n i Js and ctliers of the otliyl, propyl, and butyl series), tho boiling points of diffbi'oiit 
siwciniens of iJio same compound rarely dlffei^ from one another by so much ns a 
loiitJi of a degree, tho greatest and least differences obson-ed (botli in tho cose of 
normal butyl iodide) being 0 3^ aud 0 02®. This is sufficient to show that tho method 
is susceptible of great accuracy. 

Tho following Table exhibits Linncmann*s determinations of tho boiling points of a 
oonsitlorublo number of compound others, &c., of tho throe groups above moiitionod : 
tho second columns giving tho observed boiling points; tho third the differences between 
them; and the fourtli the differences of those differences, or differences of tho second 
onicT; — 


Chlorides 

Bromides 1; 

ludides 


Boiling! Differ, 
point i once 

Do. i 

cimse ]: 
li 

Bolling \ 
2>oiut 1 

Differ- 1 De- 
cnco 1 crease 

1 

Boiling - Differ- 1 Do- 
point 1 once I ci-eoae 

Butyl . 

: 

77-90 j gj j 
40-48 1 

12-18 

2-80 1 

90-88 ! 
70-82 ! 
38-78 ‘ 

1 

■ 0.08 

82 04 1 ; 

i i 

129-81 o-.„o i 

102-18 2-21 
72-34 ! 

r 1 

1 Patty alcohols | 

Fatty acids 

Benzoic ethers 


Boiling j Differ, 
point ciice 

In- 

croase 

Bolling 

point 

Differ- 

cuce 

De- 

crease 

! 

Bolling 1 
point 1 

Differ- 

CIICO 

De- 

crease 

Butyl . 

Proply . 

Ethyl . 

116-88 

97-41 

78-63 

19-47 

18-88 

0-59 

162-32 

140-66 

118-10 

21-66 

22-56 

0-90 

247-32 

229-47 

211-16 

17- 85 

18- 31 

0-46 

Acetic ethers 

Propionic ethers 

Butyric ethers 


Boiling 

point 

DUEsr. 

ence 

Dc- 

oreiise 

BdUng 

point 

Differ- 

enoQ 

De- 

crease 

Boiling 

point 

Differw 

enoe 

De- 

crease 

Butyl 
l'ro)iyl . 

E»b}d . . 

B 

22*32 

24-98 

2-66 

145-99 

122-44 

98*82 

23-55 

28-64 

0-09 

164-77 

143-42 

121*07 

21- 36 

22- 35 

1*00 

Ethyl ethers 

Propyl ethers 

1 Bntyl ethen 


Boiling 

point 

Differ- 

moo 

Zu- 

croaso 

Bolling 

point 

Differ. 

ence 

In. 

orcase 

BoOing 

point 

Differ- 

ence 

OMUM 

i inityrato 
! I'ropionato , 

1 Ai-otjito 

121-06 

98-8Q 

7700 

22:26 

^1-80 

0-46 

1 143-4S 
122*44 

! 101 -de 

i^-gs 

; 90-46 

O'SSS 

184*77 

; 145*99 

124*30 

18*78 

21-69 

S-91 
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Boiling Points of Homologous EtJiers. 


IsomcriQ ethers, 


Isomeric ethers, C'lI^O- 



BoiUiig 

point 

Diifer- 

CIICO 

1 

Boiling 

point 

BllCcr. 

cnoo 

Propyl acetate 

Ethyl propionate . 

101-98 

08-80 

3-18 

Butyl acetate 
. Propyl propionate . 
Ethyl butyrato 

124-30 

122-44 

121-01 

1-86 

1-43 


Isonurlc otherK. ; 

i 


Boiling point 

Difference 

Butyl propionate 

Propyl b\ilyi-!ito 


146-99 

11.1-12 

2-57 


3*’rom those numljors Linne^rninn draws tho following conclusions : — 

1. JSqiuil difforoncos of boiling point in homologous series do correspond with 
equal differences of composition. 

2. In most of tho scries hitherto studied, the difference of boiling point increases 
ns tho amouut of carbon becomes greater, at least in tho lower terms of the Berios. 

3. In many scries, tho differencos of boiling point are nearly equal, in others they , 
increase with increasing amount of carbon. 

4. Tho isomeric ethers of tho fatty alcohols and acids do not exhibit equal boiling 
points. 

I'rom these results, and from the closo agreement already noticed between tlie 
observed boiling points of different samples of the same compound prepared by the 
preceding method, Linnemarm infers that tho observed boiling points coincide veiy 
nearly with the true boiling points, and consequently that tho so-called * calculated’ 
boiling points can no longer bo regarded as tho true boiling points. 

Pierre a. Pueliot {Compt. rend. Ixxv. 1440) have likewise compared the boiling 
points of a considerable number of compounds belonging to several homologous series, 
viz., alcohols, etliers and acids of tho fatty group, and have conio to tho conclusion, 
that the difference between the boiling point of two consecutive terms of the same 
series is not constant, but subject to very considerable variation. As, however, tliose 
clicniists take no account of the difference lietw'eeri normal and iso-compounds, it ie 
impossible to know whether the compounds which they compared were really homo- 
logous. One point which they particularly notice is, that tlio boiling temperature of 
the propylic and butylic terms in each series of acids, ethers, &c., derived firom tho 
fermentation alcohols, is loss than the difference between any two succeeding terms in 
tho same scries. Now, this is just what may bo expected to follow from the fact that 
the propyl alcohol of fermentation is a normal alcohol, whereas all the higher fc^ 
mentation alcohols that have been examined are iso-alcohols (see Chem. Soc, J. [2] xi. 
268, 200). 

BOXiBTUS. Many species of bqletus liocomo blue on exposure to the air ato 
fresh fracture. By digesting B. cyamsc&ns cut up into shreds with alcohed. of 92 p. c* 
an extract is obtained which, after ffltratlon, is brownish-yellow, then becomes green, 
and^ives an intense indigo-blue colour with sodium hypochlorite; after concentratapni 
it yields crystals of mannito, and the mother-liquor, treated with alcohol and ether, 
yields a golden-yellow solution, which leaves on evaporation a residue becoming deep 
green-brown with sodium hypochlorite. 

The aqueous solution of the colouring matter has a strong acid reaction ; 
chloric acid does not change its brownish-yellow tint ; noitbor does soda-loy» 84^^ ^ 
alkaline reaction ; ^is, however, prevents tho blue coloration with swiiiito 
chlorite from qppewing. The colouring matter contains nitrogen, 'as. on 
with caustic potash, ammoniacal vapouni aro given off ; but it docs not exhibit 9^ 
reaction indicative of cyanides, or of aniline (as asserted by Phipson, Chm, 

301 ), not giving the characteristic aniline reaction with hypochlorites. . - 
Tho above-mentioned reactions with sodium hypoehlorito have also been eSfaitiitW 
with the colouring matters similarly extracted, from B. hiridw, B. 
and the brown-tubed variety of A varugatus (H. Ludwig. Arch. 
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SOjrS* Influence of Earthy Phosphatea mixed with the Food on the Composition of 
the Bonce , — ^Tho exporiments or J. Ldmuizin (Am, Ch. Fharm. cyiii. 357), v. Gohren 
(Landwirth, Vereuche^Statvmen, iii. 161), and others have shown that calcium phosphate 
precipitated by ammonia from an acid solution, can be digested and assimilat^ by 
calves, sheep and other animals ; and according to Hoppo-Seyler (Med,-chem, Unier- 
suchungent Heft II.), earthy phosphates added to human food are likewise absorbed, 
and increase the amount of earthy phosphates in the urine. These and other results 
have led to the idea that the ingestion of earthy phosphates may have some influence 
on the composition of the bones, and in fact the addition of earthy phosphates to 
fodder has boon somewhat extonsively practised. 

Fapillon (Compt, rend. Ixxi. 372) fed a pigeon and two white rats for two months 
on food containing phosphates of strontium, aluminium and magnesium. The bone- 
iish of the pigeon was then found to contain 8*15 p. c. strontia and 0'66 magnesia, 
that of one of the rats, 6*95 alumina, and that of tlie other, 3*56 p. c. magnesia ; the 
general conclusion from those exTOrimonts being tliat considerable quantities of the 
ingested earthy phosphates were deposited in the bones. 

A contrary conclusion has, however, been arrived at by H. Weiske-Proskau 
(ZcUschr.f, BioloyiCt viii. 239), who made an extensive series of experiments of the 
^me kind on young and old rabbits, but could not find the slightest trace of strontia, 
or any noteworthy increase of the magnesia, lime, or phosphoric acid in the bones 
Avhen earthy phosphates were mixed with the food. Thoageof tlio animal has an 
influence on the composition of the bones, those of old rabbits containing more salts 
than those of young ones. The percental composition of the bone-ash is much alike 
in botli, but the proportion of magnesia seems to bo somewhat higher, and of lime 
somewhat low*Gr, in young animals. The percentage amount of phosphoric acid is 
almost the same in all bones, and is on an average 42*17 c. 

• The following Table exhibits the amount and composition of the ash of the bones, 
free from water and fat, of the animals subjected to the experiment. In the rabbits 
I— IX, the bones of all the four logs ; in X and XI, the whole of the bones were 
tiikeu for analysis : — 


No. 

Age 

Kind of Salt added 
to the food 

Ash 
p. c. 

Lime 
p. c. 

Mag- 

nesia 

p.c. 

Phoaphoric 
acid 
p. c. 

I. 

adult 

Calcium phosphato 

65*60 

53*94 

1*06 

40*08 

II. 

5 months 


62*02 

53*77 

1*23 

42*73 

III,. 

adult 

Magnesium phosphate 

68*41 

54*21 

1*09 

42*08 

IV. 

5 months 

It 9f 

61*99 

53-68 

1*24 

42*01 

V. 

adult 

Strontium phosphate 

68*00 

53*93 

1*06 

42*00 

VI. 

5 months 


62*30 

58*60 

1*23 

42*67 

VII. 

adult 

No salt 

67-87 

64’]6 

1*00 

42-02 

VIII. 

2^ months 

9f 

56*88 

53*52 

1*22 

42*17 

IX. 

2} months 

Calcium phosphate 

58*12 

53*88 

1*23 

42*29 

X. 

4 weeks 


89*31 

50*48 

1*69 

43*12 

XI. i 

4 weeks 

No salt 

38*58 

51*99 

1*51 

42*65 


Imi m Bones f According to somo authorities, iron is a nonnal constituent of bone, 
■«fhilst by others its occurrence in bone is attributed to the retention of colouVing 
matter of tlie blood. The question has been further examined by Flugge (Arehiv, j. 
Physiologies iv. 101), who, to avoid the sooico of error just mentioned, macerated the 
wnos in water till no residue was obtained on evaporation* Bonos of various animals 
thus treated yielded not a trace of iron, whence it may bo inferred that iron is not a 
constituent of bone, and that when it is found therein, its occurrence must be attributed 
oithor to retained blood, or to impurity in the reagents and vessels employed. 

mxEs*'^ Solubility of the Phosphates of Bone-adi in Gartioiuo acid water, see PhoS: 


tion of 


^^termination of the relative ago ci fossil bones from the 
' oiuble and insoluble , ossein contained in uem, see A. ScheTfrer-Kestner 
1207 ; Chem, News, xx. 811 ; Jahreebj^ 1860, 1.249).— Oyoedons against 


^estners conclusion have been made by Elie do Beaumont Ixix. 1211). 

?oi»nninatioii of the age of fossil bones from their chemicdl coiiipositiou> see 
Wibel (JaAiwJ. 1860, 12WX 
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BOmJLCnTB. — This mineral, hitherto found at Stassfurt only in microK0|nc 
crystals, has lately been obtained from the residues of tlio potassium chloride prepa- 
ration in crystals of three varieties, viz. : 1. Small kidney-shaped druses consisting of 
an envelope of transparent greenish crystals about 0*6 mm. in shapo, enclosing a 
bluish or greenish grey microcrystalline nucleus composed of crystals of the same kind. 

2. Small crystalline groups or nodules consisting of light green translucent to. trans- 
parent crystals about 6 mm. long, enclosing a nucleus of white to greenish colour. 

3. Xaiger druses in which a white, fine-grained nucleus of Stassfurtite gradually 
passes, towards the surface, into a greenish, fine-grained crystallino mass, surrounded 
wholly or partially by very small crystalline groups, and a few isolated crystals about 
2 mm. in size. 

All the crystals are well developed, and show no signs of efflorescence. They 

exhibit distinctly the combination — . ooOoo . ocO; in somo specimens the face 

2 


n 202 

may bo recognised "aith a lens ; in a few the face — — • The totrahodonis almost 


always predominant. 

The crystals have a vitreous lustre, no distinct cleavage, a conchoidal fracture ; 
hardness » 7; moan density b 2*91. They contain boric acid and magnesia, with 
small quautitios of ferrous oxide and chlorine, from which, and from their mor- 
pliologic.il and physical characters, it is inferred that they consist of boracitc, 
JVIgCR2(3Mg0.4B-0»). 

Stassfurtite, which has the same composition, and forms the nucleus of some of the 
boracito druses above mentioned (3), appears to be merely the cryptocrystallino form of 
boracito (B. Schultze, Jahrlnichf. Mincralogie, 1871. 844). 


BORlTBOXif — This compound is formed in small quantity by the action * 

of alcoholic potash on camphor : C‘®II**0 4- H*0 « C'*H'**0 + O, tho nascent 
oxygen resinislng part of tho camphor (Bertholot, i. 626}, — and in much larger quantity 
by acting on a solution of camphor in toluene with sodium, and treating tho product 
with carbonic acid (Baubigny, Ut Suppl. 358) : 

2C«H*«0 + Na« = C«H*’NaO + C*®H‘»NaO 

Camphor, Sadium-bomeol. Sodium-camphor* 

and C*“H*»NaO + CO"- + IPO - C>»H»0 + NaHCO*. 


If tho^ c.imphor bo dissolved in a petroleum oil of rather high boiling point, and 
potassium be used instead of sodium, potassium campholato and bomeol are formed by 
the mutual action of the potassium-borucol and potassium-camphor first product, thus— 

C'®H>’KO + C'®II>»KO + 2H*0 « C»*H"KO* + C>®H*"0 + KHO. 

Potassium Borneol. 
campholatc. 

The natural boruool and that synthesized by the above two sets of reactions, exhibit 
respectively the rotatory powers, a = + 33 * 40 , 44-9®, and 42*4®. 

Bomeol treated with phosphorus pentachlorido or hydrochloric acid yields a chloride 
C*®H”C1, which melts at 132®, and is converted into ordinary camphor by hypo- 
chlorous acid — 

C»«H»C1 + HCIO =. 2HC1 + C»«H«0 ; 
bomeol itself is also converted into ordinal^ camphor by tho same reagent : 

CJIOHISQ + HCIO = HCl + H®0 + C«H*«0. 

Bromine acts on borneol, formii^ first camphor and hytlrobromic acid; aind flwJiy 
a mixture of monobromocamphor and borneol bromide. Phosphoric anhjdiids aett 
borneol, forming a hydrocarbon, C»»H>« (the bomeene of Pelouze), boiling at 
and an isomeric condensation-product distilling at 260®-280®. Borneene MndJa Ji** 
tarpentine, but does not unite with hydrochloric acid or with hypochloroilfl. 
(Koehler, Ann, Ch. Pharm, cixiv. 75). 

Bespecting the constitutional formula of bomeol, see Cakfhob* 

C»H«0*.-rA. Girard, Cmpt. rend. IxxUL 
volatile substance occurring in the caoutchouc of Borneo. It is 
soluble in water, slightly soluble in alcohol, molts at 176® without < 

like dambonito (ls« 641), sublimes at 206® with slight 

docs not ferment, neither does it reduce the potassio-^tartrate of copbef w'M ilS 
tho property of reducing this leagont by being boiled for several 
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Blielitly acidiJatod. Trealod with a m ixturo of sulphuric and nitric acids, it forms n 
ni^atod product, insoluble in water, soluble in alcohol, from wliich it is deposited in 
the crystallised state, melting at 30^-36^, and detonating loudly when struric. 

Uornesite heated to 120^ in a closed vessel with faming hydriodic acid, decomposes, 
like dambonite, into methyl iodide and damboso : 

C»H»0« + HI - CH>I + 2C»H«0*. 

Bomeslte. Doxubose. 

Dambonite and dnmboso have no ciTect upon polarised light, but boriiosite possesses 
a rotatory power of 32° to the right, or nearly half that of pure cane-sugar under 
similar circumstances. Dambonite and bomesitu may be regarded as dambosates of 
inclhyl : dambonite = C*n*(CH*)0> ; bornesite = C"H'*(CH*)0*. 

BOBOW. Boric chloridCt BC1\ is easily prepared by heating finely powdered 
boric anhydride to 150° for three or four days in scaled tubes, with twice its weight of 
pliosphorus pentachloride. The tubes must bo well cooled before they are opened, and 
then warmed on a water-bath. Boric chloride then distils over, and a further 
quantity may bo obtained by heating the white residue over the open fire. On heating 
to a higher temperature and finally to redness, there remains a \mite infusible mass, 
which is insoluble in water, and is resolved by i)rolongcd boiling with water on 
alkalis, into boric and phosphoric acids. This body is probably identical with the 
compound of boric and phosphoric oxides described in the First Supplement^ p. 360. 

Tlicso experiments show that in the action of phosphorns pontaclilorido on boric 
oxide, there is formed, beside tho trichloride, an oxychloride of boron, which 
iloos not give off tho trichloride till heated above And, in fact, if tho trioxide 

and friclilorido of boron are heated together to 150° in molecular proportions, tho 
'conUmts of tho tube are convortud into a white gelatinous mass, which, when heated 
to 100° gives off Imlf tho boron chloride employed in tlio re:ictioii. At a higher 
tomporaturo, tho white solid residue gives off an additional quantity of the chloride 
iiiul leaves tho trioxide. The reaction between phosphorus pentachloride and boric 
oxide is therefore that which is represented by the equation : 

CPCl* + 9B»0» =. lOBOD + 4B*0» + SP^O*. 


Phosphorus trichloride does not act on boric oxide even when heated witli it for a 
fortnight to 200°, On the otlior hand, tho hronwclUoride, PCPBr*, acts readily on boric 
oxide, with formation of boric chloride and separation of bromine. Bromide of 
boron is not thereby produced, or at all events only in extremely small quantity. 
Tho fribromide, di- iodide and tri-iodide of phosphorus do not act on boric oxide. Boric 
chloride is not converted into tho corresponding cyanide, either by cyanide of 
ix)tji8siuin, or by cyanide of silver. 

Boric chloride maybe distilled over sodium without decomposition ; at 160° however 
a small quantity of boron is separated. Zinc-dust does not act upon it oven at 200°. 
TJio chloride acts readily on bodies containing tho radical HO or NH*. A mixture of 
acid and anhydride, treated with boric chloride, yields a crystalline compound, 
which is rcisolvcd by water into boric and acotio acids, hydrogen chloride and acetyl 
(hlorido being formed at the same time. By the action of boric chloride on tho crude 
mixture of etlij/lamincs (obtained by heating cth^l iodide with ammonia) a compound 
is obtained which molts wlion heated, then sublimes undecomposed, and if heated for 
day to 200°, yields products of decomposition, among which are ethyl chloride and 
ooron nitride (Gustavson, ZeifseAr./. Chem, [2] vi. 621). 


Oxide, Aoid, and Oalte. Cm) 

B*0>.P*0*. — ^Whon ciystallised boric acid 


^ Mde and FhosphoHo Oxide, 
leated to boiling in a platinum dish witli 


concentrated^ aqueous phosphoric acid, tho liquid first becomes milkv, and then dries 
to a white earthy mass, which when heated before tho blowpipe, op even, in 
platinum cruciblo over a gas-flame fed by a blast of air, does not melt but retains i1 


Its 


earthy chnracter, merely becoming covered with an enamel-like crust when the phos 
ptioric acid is in excess. This compound is not decomposed by water even at the 
foiling heat, and the excess of phosidiorio acid may bo removM firom it bjr boiling 
It tlien contains boric and phosphoric oxidoB in equal mimbor of molecules, 
^onceutratod acids are without action upon it ; caustic alkalis 


Lis at tho filing heat dis- 


Tif v ^ liquid. The pulverised substance heated with sodium yieliis sodium 
p losphide, together with a black scoriaceous lubstance, pwhaps opniisriiii 


, pwhaps opniisriiig of boron 

Oxyehktidaon Borio OriUtr.— Whsh boric oauds ^ hoafcod with 
puosphonc oxydilorido in closed/ tubes, to h eight 


WlhU Q, UUUVMk. BHiUrUMWVUDl BttU 

PlK«ph«io (A. Vogd, ZeUnA^.f. CAm. -ri. 186). 


2Q8 
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inM» , is formed, whilst colonrloss ciystols of a e^pohiid, POCP.BCl’ 

^Ume in fto n^ot part of the tube. The latto melts in a dos^ tube at 73“. and 
when sublimed splits V into boric chloride and phosph^c oxychloride. 9rysW8 of 
the chlorinated compoulid arc also formed on passing the vapours rf bone ^ride 
into phosphoric oxydilorido, and by ho^ng bone chlonde until phosphono anhydride 
to 200“ for two or throe days, the reaction being: 

2P’0‘ + 4BC1* = + 2(P001*.B01»). 

It is decomposed in contact with water, or by the moisti^ of *e atmosphere, phos- 
nlioric acid, boric acid, and hydrochloric Mid ^ing formed. Iho white mass 
P^O* B®0* is probably a mixture of phosphoric with bone anhyonde, as it is resolved 
bv water into phf)sphoric acid and boric acid, but if previously heated to redness it 
Cfte iusolnblo compound B«0».F-0‘ = PBO*. described by Vogel (Gustavsou, 
Deut, Chem. Gcs. Her, iv. 975). 

AcUtmof Borates on Ammonia This reaction, studied in 1848 by Bolloy 

(Ann, Ch, Phann. Ixviii. 123), has bocn further examined by E. C. Woodcock {Chem, 
Soc. J. [2] ix. 785). Bolloy observed that free ammonia is evolved on mixing soliitioM 
of borax and sal-ammoniac containing equal numbcr.s of molecules of the two ; and 
that the solution when .slowly evapomted, dexiosits crystals having the composition of 
a tetraborate Na=0. lB-(P + loH-O or 2XaB0^3B®0=^ + lOH'-'O; also tJiat an excess 
of sal-ammoniac converts the borax entirely into sodium chloride and boric acid. 
Woodcock finds that when 4 mol. of sodium motabor.ato NaBO= (i. 645) arc mixed with 
2 mol. of sal-ammoniac, ammonia is copiously evolved, and the whole decomposes 
very rapidly and completely, leaving only the bi borate (borax) and sodium chloride: 

4NaBO* + 2XH‘C1 = 2NH» + 2NaCl + H*0 + 2NaB0*.B*0®. 


A mixture of commercial borax (3-57 grams) and sal-ammoniac (O’o gramj dissolved’ 
in about 2 ounces of water .and distilled, gave off the whole of the ammonia, leaving 
a residue of sodium chloride and Bollcy’s tetra-metaborato : 

2(2NaB0*.B*0‘') + 2NH'C1 « 2Nn* + H*0 + 2NaCl + 2NaB0».3B»0*. 

Borates either acid or normal may bo advantageously employed for liberating ammonia 
from its salts, the action taking place neatly and perfectly and without frothing. 

Calcium Borate.^Tliia salt is found in the dried-up bed of a river on the Fampa of 
Tamarugal, near Tarapaca in Peru, and is collected by digging out the sand beneath 
the surface-crust of salt. It occurs in white nodules, having a shining, pearly, 
lamellar fracture, associated with yellowish prisms of glauberito, tho wholo being 
almost completely soluble in strong acids, but very slightly in water. It originates 
probably from the action of tho acid emanations of the neighbouring volcano of Isluga 
on the calcium carbonate of the soil. It is a calcium diborate with 8 mol. of water, 
Ca0.2B®0* + 8 aq. mixed with varying quantities of glauberito, sodium chloride, 
silica, alumina, and iron. The boric anhydride averagos 17 p.c. (Thiercelin, BuU, 
Soc. Chim. de Paris [2] xvii. 387). 

On tho heat evolved in tho combination of boric acid with ammonia, see Heat of 

COMBIKATIUN. 

Boric Anhi/drosulphate, B*H®S*0^* — 2H(BO)SQ*.SO*, is formed by dissolving 
boric acid in strong sulphuric acid, and adding sulphuric anhydride, or by dissolving 
boric acid in fuming sulphuric acid. It separates, a^r some time, in leaf-like crystals, 
which melt and give off sulphuric anhydrido when heated (Schultz-Sellack, Deut. Chm* 
Ges, Ber,\\,\2), 

BSAnr. Tho composition of the grey and white matter of the brain has 
examined by D. Petrowsky (Pjlugcr's Archiv. f, Phf/s, vii. 367). The grey layw W 
separated from tho white by water, and a portion of tlio white matter was taken fjEOm 
the interior. Each substance was rubbed up rapidly in a mortar, and three eztiseitfl 
and a residue wore obtained by digestion in cold alcohol, ether, and hot alcohoL 
cold alcoholio extract contained a substance soluble, and another insoluble in 80* 
hydrous e^er ; the ether extract, Iccithiuo, cholesterin, and fats ; the toarm dlcM^ 
extract, lecithino and corobrin ; tho residue, albuminous substances and salts* 
portion of the cold alcoholic extract insoluble in other does not contain sugar, . j 

The dried grey substance consists about half of albumin and a 
cholesterin and fate, with very little corobrin, its principal constituents themorsb*^ 
albumin and water. Inthewhite m a tter, on the contrazy, cholesterin and fbtS;!^ 
mucli more than half the dried mass, albumin a quarter of the vhtde substaii^^^, 
ccrcbrin is present in considerable quantity. . \ 

aBasnoTi C«E»0’ (E. Eopp, l>eut. CX«m. Ga. Ber.ih 446).— 
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matter may be ^vantagoously prepared from the dark broTm-red crust# epusisting of 
biMziliu and a limo-brazilin lake, t^ethor ixrith mechanical impurities and a resinous 
substance, -which are deposited in considerable quantity during the preparation and 
btorage of commercial extract of Brazil -wood. 

These crusts are saturated -with water containing 5 p. c. of hydrochloric acid, and the 
WJished residue is boiled with water containing 10 to 15 p. c. alcohol. The filtrate on 
cooling deposits the brazilin in beautiful yellowish crystals, which are easily purified 
by crystallisation from hot water. The crusts may also bo boiled directly with water 
acidulated -with hydrochloric or sulphuric acid, and the brazilin, which separates from 
the filtrate on cooling, purified by reciystallisation. The wash-waters and mother- 
liquors ovaporated to diyness, with addition of a little chalk, leave a residue which 
yields resorcin by dry distillation. 

Pure brazilin is colourless and gives with dc-aerated water, colourless solutions 
which impart but faint colours to mordanted cotton. By contact with the air these 
solutions acquire a yellow and forwards a reddish-yellow colour and an increased 
tinctorial power ; at the same time, however, they become less and less capable of 
yielding crystallised brazilin.* 

Pure brazilin dissolves in dilute soda-ley with splendid carmine colour; and on 
heating this solution in the water-bath in a well-closed vessel -with zinc-dust, reduc-- 
tion takes place, in consequence of which the liquid again becomes colourless. This 
colourless solution affords one of the most delicate tests for oxygon, the slightest 
access of air causing it to assume a deep carmine colour. 

Brazilin (or the crusts from extract of Brazil wood, subjected to dry distillation in 
an iron or copper retort, yields, together with a largo quantity of tumofied charcoal, a 
slightly coloured distillate, which, when passed through a wet filter (to separate tarry 
jyoducts), and concentrated on the water-bath, deposits on cooling, well-defined 
crystals of resorcin ; this, indeed, is the sjmplost and easiest method of obtaining 
resorcin. 

Brazilin is related to lisemotoxylin and resorcin in tho manner shown by the 
following equation : — 

+ H*0 = C*«B[“0« + 

SftOMACBTOFBBiromS. See Acetophenone. 

BBOMAXi, C“HBr’0 CBr*— CHO. — This compound, discovered by Lowig 
(Isi Suppl. 666), has been further examined by L. Schaffer ij)cut, Chem, Her, iv. 
il66). His mode of preparation is tho same as that of Lowig, excepting that he uses 
the bromine in tlio state of vapour and in relatively smaller quantity^, Tho bromal is 
found in the portion of the jnrodiict which passes over on distillation between 165® 
and 180®, and is separated as a hydrate by mixing this liquid with water and 
ropoatedly crystallising. The hydrate, C*HBr®0.H*0, melts at 63’5° and breaks up on 
distillation into water and anhytlrous bromal, -urhich boils at 172®-173®, and remains 
liquid at — 20®. Bromal unites with absolute alcohol, forming the alcoholatc 
C'HBr^O.G^H^O, which crystallises in thick needles, melts at 44®, and is decomposed 
by distillation into alcohol and bromal. Bromal treated with fuming nitric acid yields 
tribromacctic acid CBr".COOH. 

The otlier products of tho action of bromino on absolute alcohol are bromoform, 
carbon tetrabromido, dibromacetic acid, ethyl acetate, ethyl bromide and hydrogen 
bromide. 

WOMBTDBZN8. (L. Heniy, Ann, Ch, Pharm, cliv. 368.) 

C*H*Br*. — This compound, obtained from glycerin, does not exhibit 
properties hitherto ascribed to it on the authority of Berthelob a. Be Luca {Ut 
wppf. 668), but rather agrees, botli chemically and physically, with the tribromide of 
“lyl which Wurtz obtained by the action of bromine on allyl iodide. 

lo obtain it in the pure state, Henry treated 1,500 grama of glycerin with 
iiuOOgramB of phoBt>horus tribromide, obtaining thereby 800 grams of crude dibrom- 
7 9 ^bich was purified by eystematic fractionation (80 grams of allyl bromide boiling 

70® are obtained as secondary product). The dibromhydrin was converted into tri- 
>romhydi'in by treatment with phosphorus pentabromide ; the phosphorus oxybiomide 
‘'Jd hydrobromic acid formed in the reaction wore removed by successive washing with 
^ator and sodium carbonate ; and the tribromhydrin which remained in the form of a 
leavy oil was dried with calcium chloride and then distilled. It passed over, with 
o&tinuous evolution of hydrobromic acid,t almost wholly between 200® and 221®, the 

rnults are quite in ocoordance with those imhlldied some years ago fay Preieeer (i. 656)^ 
^W^havo hitherto been treated as nnwortlw of owdft. 

probably arl^hatm, iM»ovdiii(r to 'Hem, from gtypd^J#^ 
to the aotloa of the phoqmbrus oxybromide on Vn dlbroSnydiln)* m alt Msts not from tbs 
Sup, ■ P 
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principal li^ion between 210^ and 221°. In a subsequent communication {Xhm, 
Chtfm, GkWBer, iii. 601) Henry states tliat as tribromhydrin is teiy apt to retain 
water, TOd on account of its great donsity, which exceeds that of calcium chloride, is 
Ly no means easy to dry, it is best purified, not by simple rectification, but by crystal- 
lising it, removing tlie still liquid jjortiou, and rectifying the crystals apart. 

Pmre tribromhydrin is undistingiiishablo from tribromide of allyl. It forms a 
colourless faintly ethereal liquid, insoluble in w.ater, having a specific gravity of 
2'407 at 10° and solidifying in the cold to slender prismatic crystals, which meltat 1C° 
to 17°. The solidifying point, of the pt'i’fcetly fused substiince is perhaps much lower. 

Heated in au oil-batli under oi-dinary pressure with potassium hydrato (in lumps) it 
behaves exactly like allyl tribromide, a brisk reaction setting in at 140°-180°, and a 
heavy oily liquid distilling over (together with a watery liquid), which in hoilinc 
point and amount of bromine, is intcj*mediato between opibromliydrin C*H®}lrO 
(b. p. 138°-140°), and epidibromhydrin C*H*Br* (b. p. 160°-162°). The liquid boiling 
at 180° described by Berthelot a. Ho Luca as tribromhydrin is, according to Honry, not 
properly designated by this name, and the body boiling at 210°, which they obtained 
as a bye-product in tho preparation, anrl to which they assigned the formula C>H*Br* + 
II-Q or C“JI*.01I.Ur® + 2lll{r, was imj^uro Iribromliydrin. 

llcrthclot (Cawpf. vend. Ixx. 681) allributes tho failure of Henry to obtain tho true 
Iribromhydrin (the existence of which .ns an individual compound distinct from allvl 
tribromide was dcnionstrated by himself and I)o Lucca), and likewise tho oxygenated 
addition-product, to the circumstance that Henry's e^erimonts were performed under 
conditions different from those of Berthelot a. Ho Luca’s. To meet this objection 
Henry {Deut. Chem. Ges. Tier, iii. 601) prepared tribromhydrin precisely according to 
the method described by Berthelot ami Do Luca, and obtained a product identiciil 
with the former. A similar result was obtained by tho action of phosphorus penta- 
bromide on epibromhydrin. 


. For the recovery of bromine from the residues of chemical operii- 

tions containing alkaline bromides, Bolus a. Groves recommend distillation with 
potassium dichromato and dilute sulphuric acid. The solution of tho alkaline bromide 
is introduced into a retort with tho requisite quantity of tho acid chromate in crystnls, 
and an excess of sulphuric acid, previously diluted with half its weight of water, is 
^adually added ; heat may be applied after the first powerful reaction is over. By 
wis method, nearly tho whole of the bromine is easily recovered, and there is no 
danger of breaking tho retort (Chem. Soc, J, [2] ix. 784). 

To obtain bromine perfectly free from chlorine and iodine, Adrian (J, Pharm, [4] 
XI. 20) washes it with water and small quantities of ctlior, which dissolves chloride of 
bromine, then digests it with a small portion of starch-paste to remove the iodine, and 
finally distils it. 

The of bromine has been variously given ns —7°, --7'3° —18®, 

According to IT. Baumhaucr {Deut. Chem, Ges. Bcr. iv. 927) it is 
-/4-a . Solidified bromine is a red-brown crystalline mass. The presence of water 
raises the solidifying point, owing to tho formation of tho hydrate. 

Action of HeaC.—Whon a narrow tubo is half filled with liquid bromine, half with 

is Rradually heated till tlio temperature is 
IZw nL' the liquid u„d gaseoue etatoH on. 

trominebocomos quite opaque, nnd the tube 
in the nniri.. nf , wth a dark red opaque resin. A measure of tho chaiigB 

"*“7 obtained by vatyiogthe pwpw 
trheii atMn'irlv liquid bromine transmits much less light 

IS '«“‘® (Andrews, Ota- 

method of detecting bromine, clil*iiie,«i«l 
- 18 founded on that of Berzelius ftt tho detaeti<m of theo 
dements in mi nerals, hy means of cupric oxide nnd microcosmicsalk SomepurOOUF'* 
oxide 18 plj^ on a loop of platinum^wire and heated for a short tiS to®MMse> 
^ of the suspected suhstaneo bo^ added ^ 
the loop again heated in the lower nnd inner edge of tho dame of a cas>bonMr> th« 
o yhoBictoristic green or ^0^ colour if either of ?he hatoSj* 1* 
organic compounde (Beilstein (5** 
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this decolorising acrion has beon attributed p«artly to uric acid and its sal^u, partly to 
tho colouring matters of tho urine, the iodine or bromine being' supposed w itself 
on theso constituents. There is. howoTer, a difTerenco in the behaviour ofifto two 
haloid elements under these circumstances, iodine when thus fixed being liberated 
with comparative facility by chlorine or by bromino, whoreas tho liberation of bromine 
l^y moans of chlorino is more difficult. When equal quantities of potassium bromide 
aro dissolved in equal volumes of distilled water and of urine, and tho two solutions, 
after addition of carbon sulphide, are treated with chlorine-watcr, the former acquires 
a splendid red colour on addition of a single drop of tho reagent^ wliercas tho latter 
(the one containing tho urine) requires a considerable quantity of chloriiic-watcr before 
it exhibits any colour at all, and even then the tint is not rod but oiilysulphur-yoilow. 

This diffieronce appears to be duo to tho action of urea. This substance does not 
intorfera with tlio libiradon of iodine from its compounds by chlorine-water. Two 
test-tubes containing equal quantities of potassium iodide dissolved in equal volumes 
of water, the one pure, the other containing urea, exhibit exjictly tlio same depth of 
violet colour when chloroform and a few drops of chloriiio-water are added to each of 
tliom. Hut when a similar experiment is made with bromide of potassium, tho result 
is very different, tho chloroform in tho tube containing tho pure aqueous solutibn of 
tlio bromide acquiring a splendid orango-red colour on addition of chlorine-water, 
whereas that in tlie tube containing the .solution to which urea has been added, acquire 
only a yellow colour. It is probable that urine contains also otlier substances capable . 
of exerting this peculiar action on bromine, which appears to ho different from that 
which is exerted by uric acid and the urinary pigments (Bizio, Gassetta chiniica 
iUdiana^ ii. 339). 

To detect alkaline bromides in urine, Caignict {J. Pkarm. [4] x. 20) evaporates 
the liquid to dryness over the open fire, and iguites tho residue gently for somo time 
till the greater part of the organic matter is destroyed, and an iiqueous extract of tho 
residue appears quite colourless. The bromine may then ho liberated with clilorine- 
wiitcr and recognised by tho colour wliich it imparts to ether or to carbon sulphide. 
Thu qimntiUtivc estimation is made with a titrated solution of sodium /tppochlorUe. 
The aqueous extract is acidulated with citric acid, which does not act on the alkalino 
hromiclos, but liberates chlorino from tho hypodilorito, and tlio bromino set freo by 
this chlorine is taken up by repeated addition of carbon sulphide. As tho liquid is 
tlKi’cby kept constantly colourless, it is cosy to recogniso the momont when an 
:id(lit ienal drop of tho hypochlorite solution no longer imparts a pcrccptiblo colour to 
tho carbon sulphido. 

Ou ike use of BrominB instead of CUoHne in Chemical Analym^ see Axaltsts p. 70* 
Onihe Volvmieirio Estimation of Bromine^ ace Aitalysis, Volumetric, p. 71* 

On ike Estimation of Bromine in Platinum Com'poundst seo Platinum. 

Bydrogen Bromide or Bydrobromlo aoldi Champion a. Pellot (Cirmpt. rend 
Ixx. 620) prepare this acid by tho action of bromine on paraffin. The apparatus used 
consists of two tubuliitod retorts, ono conUiining bromine, and the other paraffin, 
(melting at 55®), tho first being heated to about 65®, fllio second to 185® by means of 
an oil-bath or sand-bath. The retorta are uonnoctcKl by a tube which leads the 
bromine-vapour bolow tho surface of the paraffin. A TJ-tuhe filled with phosphorus 
and wet fragments of glass serves to free tho evolved hydrobromic acid from bromine 
mechanically carried over. Tho bromino acts on the paraffin, forming hydrobromic 
acid and substitution-products. After a certain time tho passage of the bromino may 
m discontinued, because tlie broininated paraffin thus formed decomposes at about 
180°, giving off nearly all Uie bromine that it has takon up, in tho form of hydrobromic 
acid. Aqueous hydrobromic acid saturated at 0® by this process has a spedfle gravity . 
'>1 1'78, and a composition agreeing with tho formula HBr,H*0. When heated,, it 
gives off part of its hydrobromic add, leaving the hydrate HBr.5H^O, which has a 
n>eciflc gravity of 1-48, and boils at 126®. 

riio following modification of the ordinary mode of preparation by the action of 
^ater on phosphorus bromide is given by Topsoe {ZeU^r^f, Cke9n, vi. 686). The. 
materials used are 1 part of amo]^hou8 phosphorus, 10 parts of bromine, and 11^ mrts 
? a convenient portion of the water being put into the bulb-recoiver, axidr the- 
jromino add(^ by drops. On distilling tlie product^ the aqueous acid is obtains as 
- colourless liquid, the density and strength of which condnually increase till tho 
muing point rises to 125®-126®, at which the mazimnm strength » attained. Wh«i 
temperature rises still hi^er towards the end of the distiSation, the acid wMdi 
becomes weaker, an efffect which appears to be duo to the feet that, at this 
residual phosphoric acad gradually givaa up a portion of ^rtS 
orj. « strongest hydrobromic acid obtainod in the distillation Sas a 
cavity of 1'490. contains 48-17 p* c. HBr, and bmis at I26®-.125;^?T(!Blid« a barpv 
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metric pressure of 758 mm.; at 124® under 747 mm.) It fomes rather strongly in 
the air, and may be kept for a long time -writhout decomposition. 

The same method may be applied to the preparation of still stronger ^id, if the 
quantitv of water to bo acted upon by the bromine and phosphorus in the flask, bo 
reduced to a fifth of tlio weight of the bromine. The gaseous hydrogen bromide, 
which after a while is given off with great regularity, is then passed into water, or 
into an aqueous acid prepared us above. , , , . . , - 

The following Table exhibits the density of hydrobromic acid of various strengths, 
as determined by Topsoe {loc. cit .): — 


iTcmperatnre 

Specific gravity 

Forcentage 

Equivalent 

— 

niBi 

48*17 

168-2 



47-87 

169*2 



46-09 

175*7 



45-15 

178*2 



44*62 

181*5 

■■■ 


43*99 

184*1 



43*12 

187*8 

ll 

1*368 

39*13 

207-0 

13 

1*340 

37-8« 

213*9 

13 

1*335 

36*67 

220*9 

13 

1*302 

33*84 

239*4 

13 

1*253 

29*68 

272*9 

i 13 

1*232 

27*62 

*293*3 

13 V 

1*200 

24*35 

332*6 

■ 14-:’' 

1-lGl 


392*3 

* 14 

1*131 


478*7 

14 

1*118 


627-0 

14 

1*097 


625-0 

14 

1*089 

11*94 

678*4 

14 

1*075 

10*19 

494-9 

14 

1*065 

7-67 

1066*1 


All the values given in this tiible wore clotcrmined directly, the percentages of acid 
by titration with soda. The specific gra-vutios are referred to water at tlio same 
temperature, as unity. 

The last column, headed * Equivalent,’ gives tlie quantities of the several aqueous 
acids containing 1 molecule of HBr « 81. 

aBOMOroxnK. The conversion of this compound into carbon^ tetrabromde 
(1«2 Suj^pL 400) takes place readily when a mixture of bromoform, bromine, and dilute 
potash is exposed to direct sunshine for five or six days : — 

CHBr* + Br» + KOH « CBr« + KBr + H*0. 

Jf no potash is present, the reaction goes on much more slowly (Habermann, 
CheTn. Gea, Ber. vi. 174). 

BBOMOnCSW, GBr^O*.— (Bolas a. Groves, Chein. Soe.J. r2]yiii. 153, 775V 
Tins compound, which Stenhouso obtained by distilling picric acid with solution m 
calcium hypobromito (i. 923), may be convoniontly prepared as follows : 4 parts of lime 
slaked with 50 parts of water are introduced into a glass flask, and a:^ complete 
cooling, 6 parts of bromine are gradually added, care being taken to avoid rise of 
perature ; 1 part of picric acid is then added, and the mixture quickly (fl8tilled froin& 
retort- The first fourth of the distillate rontains the whole of we bzomopicniif 
may be separated by water and dried over calcium chloride. The quantity. thus, ob* 
tainedAmounts to 46’5-49'5 p.c. of the bromine employed. /■ 

BvMUopicrin is liquid at ordinary temperatures, but when quite pure, solid^sf ^ 
low t^peraturos to a mass of prismatic crystals which melt at 10*25^. Ifihebi;0iiui|^ 
used in, the preparation contained chlorine, the melting point of the bEOiao|ii^? 
lower. Its^sp. gr. is 2*811 at 12*5® and its index of refraction for the line 
1*57- It mixes in all propartions withbenaeno, carbon bisulphide, carbon tetia^O^^ 
clfloroform, light petroleum oil, and alcohol : from the alcoholic solution it 
tated by water. It dissolves iodine, forming a violet liquid, also indig? 
qntintity, and naphthalene witli great facility. When treated with powis^ ? 
anting agents, it is partly converted iiJto carbon tetiabromido (ls< 
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Broinopicrin, as observed by Sfonhoiisc, decompoFios rapidly when boated a little 
alKivp 100°, and with explosive violence when a small quantity is quickly evaporated 
down, so that the side of tho vessel becomes very hot ; but when a considerable quantity 
is slowly heated, it decomposes quietly, yielding carbon tetrabromid© (about 30 p.c. 
of the ])romopicrin) and a dark Ijrowii pungent liquid, which boils at 56*6° and has 
nearly the composition NOIJr* (bromine by anal;^sie 92-84 p.c.; by calculation 91*42). 
irnder reduced pressure, bromopicrin may bo distilled without decomposition. Heated 
with aqueous potassium cyaiiido it is entirely decomposed, cyanogen bromide boii^ at 
first formed, but on further heating this compound is destroyed, and a dark btlown 
compound remains in solution. 

SROMOXAFOBIIX- PentaItro7nomethyl acetate, (Lagermarck, 

Z(‘Uschr. f. Ohem. [2] vi. 299.) This body, which Cahours obtained by the action of 
brotuino on potassium citrate, and on dibromocitracoiiic acid (1#^ Suppl, 370), is like* 
wise produced by tho action of bromine on pyrotarturic acid : ^ 

envo* + 2IPO + 16Br := C^HBrW + 200* + llHBr. 

A mixture of 10 parts pyrotartaricacid (purified by once recrystallising from water and 
jii-Lssing) 24 pts. bromine, and 10 c.c. water is healed to 120° as long as brown fumes 
(toiitiime to escape, but no lunger ; otherwise further decomposition will tafes place, 
attended with separation of carbon. The contents of tho tube, after cooling, consist of 
a jialo yellow liquid and usunlly a white crystiillino mass : on opening it, carbon 
dioxide escapes. Tho crystals are washed with a little water on a funnel having its 
neck stopped with fragments of glass, and the filtrate is mixed with 4 or 5 times 
volume of water, and left to itsoff. ' ' , ^ 

Bromoxaform thus purified melts at 74*5°. It is itisoluble in water, oasUy soluble 
111 aU’ohol and (dhor, and crystallises from tho latter in white, silky nei^es, Irom - 
iilcohol ill long four-sided prisms. The solutions are neutral. The etherokl solutjifjiii' 
dcoomposos ill direct sunshine, with separation of bromine and a yellow unctuous 
Bromoxaform dissolves in cold potash-loy, but is decomposed when heated therewith, 
)’iuldiDg brumoform and oxalic acid : 

C»HBr*03 + 2H*0 CHBr* + C^H^O* + 2HBr. 

BRVCXiri!. On tho decomposition of brucine-salts by tho electric current, sea 
.Alkaloids (p. 42). 

Jiniciue as a Test for Nitric Add ., — It has already been noticed Stippl, 370) that 
brii'iiio 1r(‘atod with a chlorate or with chlorino tetroxido in presence of strong sul- 
V'huric acid, assumes an orango-red colour like thatpn>duced with nit ric .acid, but dis- 
ringuislicd from tho latter by not turning violet on addition of stannous chloride. 
According to Scliduii {Zeiisehr, anal. CJi&in. 1870, 209) a solution of bnicino in strong 
sulpliuric acW is coloured rose-rod and subsequently yellow by chlorine-water, 
liyclrogen dioxide, potassium chlorate, sodium hypochloribo, chromic acid, potassium 
chromate, potassium ferricyanido and platinic chloride. Cupric chloride, gold chloride 
iind fenie chloride produce tho s<*imo effect under certain circumstances. It appears 
tlicn that tho production of a yellow or orange colour with brucine cannot bo regarded 
as a trustworthy indication of the prosenco of nitric acid unless this colour is chEinged 
to violet on addition of stannous chloride. 

According to S. Cotton (J1 PJiami. [4] x. 18), solutions of brucine in nitric acid 
heated to 40°-50° and mixed with a strong solution of sodium sulphydrato, assume 
nrst a violet, and then, on addition of an excess of the reagent, a green colour, tlio 
colour however disappearing after a day, with farmation of a greenish precipitate, 
^ikalis do not alter the colour ; dilute acids eliminate hydrogen sulphide, and change 
tho colour to rose-red ; 0*002 gram of brucine suffices to colour distinctly half a litre 

water in this^ manner. As morphine does not exhibit any similar reaction, these 
wo colour-reactions, tho first of which is likewiso produced by alkaline sulphates and 
bases ^^**^^'** ^7 stannous chloride, may serve for the distinction oS two 

«i.?”?*l*** — Some of those conpoands, piepaied by JSissaieiB, have 

fnii ^ ****“ (ls< 871). The same chemist hat also ohbdiled 

ioUoinng penta-iodides : 

Ponta-iodideofUethyibrucine . . . CWNKKOH*.!*, * 

Penta-iodideofEtbylbnicine . . . 

Penta-iodideofAUylhrudiii . . . + HKl. 


214 buckwheat— BUTYL ALCOHOLS. 

ThMC C<>mpound«fo™ crystals having analmost metallic lustre, 

re^nu very olTethylhrudno from hot alcohol, a small quantity 

Inciyetallming tho^nt^^u^^^^^^ ton crystallientionB, theta'- 

^ lodiiio isloe ly ^ j _ CryetalliBatioii of tho penta-ioilido firom a 

iodxle cornea down .w^th the ^uto- odido ^ly^w 1- 


dido and hydro-tpioauie oi Druemo . lui. ..p-.--— ------ t ; - 

tri-iodido wero deposited, and t lw tiltrato coiiUmod hydriodide of ^ncmc. 

A siibslanco having tlio composition of a hexwdide oj an^lhructne.C NO. 
wia obtained by addins to an alcoholic solution of tho tn-iodido 
latod quantity of iodine. It appears in tlio form ot bluish-gMon neodlos. It is diffi- 
cultly soluble, oven in boiling alcohol, and tho solution deposits tho tn-iodido on cool- 
ing Chem. [2] iii. 145). 

mrcKWBBAT, .fVj%o«n/*i/m 7 o»yrwwi.--Tho composition of buckwheat grain 
from various localities lias Leon doterniinod by 11. Woisko-Proskau {Woclienblatt dcr 
Anndlen du LandwcYthschoft, Sopt. 6, 1871) with the following results:— 


""" 

Ordinary 

Scotch 

Tartarian 

Water 

9*57 

. 10*67 

10*62 

Albuminoids . . . • 

10*75 

10*69 

11*19 

Soluble Carbohydrates! 
and Fat . . J 

61*39 

61*10 

53*58 

Crude hbro . . • . 

15*55 

14*90 

20*01 

Ash • . • » * 

2*74 

2*68 

4*60 


BUm A&COBOBS and STBBBSa— 1. Normal Butyl Alcohol^ 
CH*.CH*OH. Tho proparation of this alcoliol from butyric acid by converting tho acid 
into a calcium salt, distilling this salt with an equivalent quantity of calcium formate, 
and reducing the resulting bulpic aldehyde with sodium-amalgam (1^ Suppl, 372)i 
lias been described in detail b^ Lieben a. liossi (Ajin. Ch, Vkarm, clviii. 137 i Chem, 
koo. J. [2] ix. 616). To obtain pure butyric acid for the purpose, tho acid obtained 
by fermentation was freed as fur ns possiblo from acids of higher boiling point by 
fractional distillation, and the portion boiling botwocii 155° and 165° (or bettor between 
169° and 164°) was dissolved in water, sejjjiratcd from tJio insoluble oil consisting of 
tho higher acids, and converted into a calcium salt, which separatod ns a crust on the 
Burfaco and could be skimmed offi The concentratien and removal of tho salt may bo 
carried on for a longer or shorter time, according to tho purity of tho butyric acid used; 
generally speaking, liowevor, tho last mothor-Iiquors do not yield a pure product. 
BuWric acid thus obtained boils at 163°'2 under a pressure of 748*7 mm. 

To premre butyric aldoliydo, t he purified calcium butyrate, after being well pressed 
and dried, was intimately mixed with an equal weight of calcium form<ate, apd tho 
mixture was dried at about 100°, and then distilled in portions of about 10 grams, 
small retorts, tho sides and bottoms of which were heated with charcoal. A brtrirmeh 
distillate was thus obtained, generally containing a little water, and on fractioii^ 
distilling it, the boiling point rose from 50° to 200°, but by repeated fractiooaS^^ 
portion boiled between 70° and 80° ivas obtained wliich was nearly pure' bdljj^ 
aldehyde. It amounted to .about half tho crude product, tho other lialf ebnisiSuDg 
paridy of aldehydes of lower boiling point, but chiefly of substances boiling above 
and not consisting of aldehydes. Alkaline bisulphites are not a^pted Sx the pufid^ 
cation of butyric aldehyde ; tliey are of course useless for the separation of thO IbM 
aldehydes, and the bodies of higher }>oiHng point can be more easily soparut^ by 
fractional distillation. Normal butyric aldehyde obtained as above boils at abftoi* 
76^ S It has the chnrMteristie, pungent, slightly cough-provoking smell of aldehjjid** 
-in general, dissolTCB in about 2,7 parts of warm water, and reduces silver oxids- • 

To convert the aldehyde into butyl, alcohol 10 grams of it were mixed trltjl dll® 
grams of water, that is, ncarlyhutnot quite enough to effect its solution. This 
was treated succossively with seven portions of 100 grams of 1 pic* sodium-ama^^ 
(theoiy reyiires 6'4 grams of sodium), the equivalent quantity ofsulphuric addl^ 
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again treated with 300-400 grams of sodium-amalgam, logetlier with the same quantity 
of sulphuric acid as above. Tho liquid was again distilled, and the products of Uio 
fcitsvcral opemtions purified togothor. 

A small quantity of insoluble oil, which always forms during the operation, may bo 
removed by filtration through wet filter-paper, and tho butyl alcohol separated from 
tho filtrato by a scries of distillations. The butyl alcohol passes over with tho first 
portions of the water. 100 grams of butyric aldehyde gave in different operations 80- 
90 grams of crude moist butyl alcohol. This product was dried as perfectly as possible 
with fused pofassiuin carbonate; by far the largest quantity distilled between 110® 
jind 120®, and it was easy to obtain tho pure alcohol from the fraction whicli boiled 
between 113® find 117°*^ It is very diificult to remove tho last traces of water from 
tho butyl alcohol.^ Tliis may, however, be effected by digestion, first with lime or 
baryta, and then by repeated distillation from sodium. 

S'ornial butyl alcohol thus prepared gave in three combustions : 

, Calculated 

Carlmii . . . . 61*35 64-30 64*70 64*86 

II>^rogcn . . . 13*41 13*53 13*33 13*51 


Its vapottP-donsity was found by experiment to be 2*65, the calculated value being 
2-56. Its specific gravity, as compai*od with tliat of water at tho samo temperature, 
is as follows: — 

Temperature . . 0® 20® 40® 99-1® 

Specific gravity . 0-8242 0*8108 0*7998 0*7734 

Another specimen of tho alcohol obtiiinod from the pure iodide by converting first 
into acetato and then into alcohol, gavo 

Temperaturo . , 0° 20® 40® 98 ’9® 

Specific gravity . 0*8239 0*8105 0*7994 0*7735. 

This specimen of alcohol gave on combustion, carljon 64*72 p. e. of carbon. 

The alcohol is not miscible with water, and like the aldehyde, requipcs a lap^ 
excess of water to dissolve it. It dissolves in aqueous hydrochloric and hydrohromic 
finds. Sodium dissolves in it, forming an alcoholate which crystallises in a glistening 
niJisa of needles. This compound dried in tho oil-bath yields a body which appears 
to bavo the composition NaOC'IP (Liobon aud Hossi). 

Liiinornanu (Ann. Ch. Pharm, clxi. 178-190) in preparing butyl alcohol iFrom 
bntyi’ic iildchydo (obtained as above from butyric acid free from higher liomologues), 
obtained a mixture of normal primaiy alcohol, with secondary and tertiary butyl 
alcohols, and motliyl alcohol, as by treatment with gaseous hydriodic acid and fractional 
distillation of tho product, it yielded methyl iodide, secondary and tertiary butyl 
iodide, and normal butyl iodide, boiliug resffcctivoly at 41®-46®, 97®j-99®, 116®-.125®, 
find 127’9®-129*1°. The last-montionod iodide, after ropoatod rectification, had tho 
pji-rectcd boiling point 129*95® and sp. gr. 1*5909 at 16®. By converting this iodi^ 
into benzoate, purifying this other by fractional distillation, saponifying it witli potash, 
nnd dehydrating tho volatile product with caustic baryta, normal Wyl alcohol was 
Dblainecl, having tho corrected boiliug point 116*88®. Another specimen obtained in 
like manner from a mixtiure of pure acetato, propionate and butyrate of butyl boiled at 
116*96 (corr.). The alcohol from tho benzofite -was optically inactive, did not solidify 
at- 22®, was soluble in 12 volumes of water at 22®, and dissolved 0*15 vol. water at 
the same temperature. 

Linnemann has also prepared normal butyl alcohol by the action of sodium-amalgam 
on butyric anhydride or on a mixture of the anliydride with butyi-ic acid, or of the 
acid with butyryl chloride, the last-mentioned method — which was also .employed by 


* In n note by Llcbcn, to tho paper nbovo qnotod, tho difroTont methods of drying alcohols ore 
oiscussod. MeltM potassium oarbonato and anhydrous oopper snlphato were not found capable of 
orying tho alcohol. The sulphate lomafnod unaltered in butyl nloohol containing 3 p.c. of water. 
Lime and baryta act better ; but one treatment, even with a .considerable quantity of lime, is seldom 
Bufljclont to effect the object. With nspect to sodium, it has been f^uentl * ■ “ 


r BuutMu. iMODwuM uu wuiliwuiu wivu wBcoT. xou ooBeEvauomii Qoue 

coircct ; but Chapman s cundiuion that, therefore, sodium is not ayailable for drying aloohdU is not 
Dm" n as Lloben finds that tho best method of drying alcohols is to dlii^ them repeatedly from 
wnoil quantities of sodium. He observes that it is neoeesary to heat the aloohol ftur above its boUing 
P oil-bath, to separate it from the alooholate. Tb this Ohamnan replies (CStem. SoeTjTm 

thf. methoSof d^Sg » not avallable,rj« 

tnr. Jiydrate of godhim, when distilled vrith a large excess of amyllo aloohol, Is oomplateily dooGontmed 
luto amylnto and water. Common aloohol may be dried as abovei but pnmyUo and ]^yUo awSES . 

8»»t dHaculty. On the otborh^ caurtt^SSiytadri^ 
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Saytzofif (J: pr. Chem. iii. 76)— yielding tlio largest product. The distillate consists 
wholly or partly of butyl butyrate, which is decomposed hy distillation with potash, 
and the butyl alcohol which then passes over is doliydmtod with baryta. Linnemann 
purifies tho butyl alcohol obtsiined by either of these methods, by couverting it into 
iodide, submitting tho latter to fractional distillation, converting tho portion which 
boils at 127°-13(i° into benzoate, and decomposing the latter with potash as above. 

XTormal ButyUc Btliera. Tho haloid ethers aro prepared by the action of the 
corresponding haloid acids on the alcohol — e.g, the chloride by saturating tho alcohol 
with hydrochloric acid gas ; heating the resulting liquid with a small quantity of 
fuming hydrochloric acid to 70®, and finally to 100° in a sealed tube, till it separates 
into two layers which remain of constant volume, and purifying tlio upper layer, 
which consists of butyl clilorido, by washing with strong hydrochloric acid, then with 
an alkali, and finally with w'ater; then drying with calcium chloride, and rectifying. 
Tho bromide o.rx(!L iodide may also be propiirod by treating the alcohol with bromino or 
iodine and amorphous phosphorus ; tho bromide also from the iodido, by decomposition 
with cupric bromide ; and the chloride from tho iodido by tho action of mercuric 
chloride. The cLceiate^ propionate^ butgratCt and benzoate are obtained by decomposing 
t]io iodide with tho corresponding silvor salts. Tho following Table exhibits the 
boiling points and specific gravities of these ethers, as determined by Linnemann and 
by Lioben and Kossi : — 


Normal Butyl Ethers, 



Boiling point 

Specific gravity 

Authority 

Chloride 

77*6® (bar. at 711’3 mm.) 

0*9074 at 0° 

Liobon a. Rossi 


0-8874 „ 20® 

tf 



0*8972 „ 14® 

Linnemann 

Bromido 

100*4® (bar. at 714 mm.) 

1-805 „ 0° 
1-2792 „ 20® 

Liobon a. Rossi 



1-2571 „ 40® 



99*9° 

1-2990 „ 20® 

Linnemann 

Iodide 

129'6° (bar.at738*2mm.) 

1-643 „ 0® 

Liobon a. Rossi 


1-6136 „ 20® 

— 



1*5894 „ 40® 




129*65 

1*5804 „ 18° 

Linnomanii 

Cyanide 

140-4° (bar. at 739*3 mm.) 

0*8164 „ 0° 

Liobon a. Rossi 

Acetate 

126*1® ( - . 740 

0*900 „ 0° 





0*8817 20° 

— 



0*8669 „ 40® 



Propionate 

124*30® 

0*8768 „ 23® 

Linnemann 

146® 

0*8828 „ 15° 



Butyrate 

165*5° (bar. at 735*7 mm.) 

0*8885 „ 0® 

Lieben a. Rossi 


0*8717 „ 20® 

— 


164-8° 

0-8670 „ 40® 



Benzoate 

0-8760 „ 12® 

Linnemann 

247*32® 

1-000 „ 20® 



Tho chloride, butyrate and benzoate are insoluble in water; the acetate dissolves in 
90 parts of water at 20® (Liniiomaun). 

BrominatedBut^l Bromide CH’«OH*CHPCH*Br.Br obtained by heating 8 parte of the 
normal bromide with 9 of bromine to 150® for five hours bodlsat 166°-167°: hence it 
^peMS b® identical with Wurtz’s dibromido of ethyl-vinyl, boiling at 166® (le< 

dibromido mothyl^illyl, boiling at 166<>-1S9*, 
Si isobutgrleno diiftr., if boiling 

Butyl Iodide U not much acted upon by sodium butylate in the cdld, hut 
on heating the materials in a flask, with inverted condense^ a small auSItity^ 
butylene la evolved, and butyl oxide (C«H*)*0 is formed ; . ^ 

CWONa -H 0*H*I = Nal + C<H*OH + 

C^H*ONa + C*H*I — Nal + (C^H*)*0 
Tho normal tmtyl oxide thus obtained boiled, after repeated distillatioii' 


also 
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sodium, at 140'5® (bar. at 741*5 mm. corrected and reduced to 0®). Sp. gr. = 0*784 at 
0°, 0*7685 at 20°, 0*7656 at 40° (Licbcn a. Eossi, Ann, Ch, Fharm, clxv. 109). 

Butyl iodide heated in like manner 'with silver carbonate yields a product separable 
by fractional distillation into normal butyl carbonate, butyl alcohol, and 
butyl ether : 

(2AgI + (C^H“)=CO» 

2C^H®I + Ag2CO» « \ 2AgI + (CW)=0 + CO* 

i2AgI + C^ir'OH + C*1V + CO*. 

Normal butyl carbonate has a sp. gr. of 0*9407 at 0°, 0*924 at 20°, 0*911 at 40°, 
and boils at 207° (bar. 740 mm.); fermentation butyl carbonate, according to Wurtz, 
at 190° (Lioben a. llossi). 

The difToroiicc of boiling point between tlio oxide and carbonate of normal butyl, 
(wliich contain 2 atoms of butyl), and the corresponding isobutyl ethers, is about twice as 
grout as tbat which exists between normal and isobutyl otlicrs which contain only 
1 atom of butyl, such as the chloride, acetate, cyanide, &c. 

Normal Biitylsulphurio acid is formed by gradually sidding sulphuric acid to cooled 
butyl alcohol. On diluting with water, neutralising with bnryta-w.ator, crystallising, 
and drying over sulphuric acid, the hariunmeUtt Ba (C*H®SO<)* + H*0, is obtained: it 
is stable at 60°, but decomposes at 100° (lielmn a. Eossi). 

Butyl-ethyl oxide QT Butyl-ethi/l ether, C®H'*0 = ^*§5} Of is obtained, together with 

a small quantity of butj’leno, by heating butyl bromide or iodide with sodium ethylate 
or akoliolic potnsh, the quantity of butylcno being Larger with the latter i*oagont than 
with the former. When 10 grams of normal butyl iodide were warmed with a solution 
of 5 grams of potash in 1 0 grams of 90 p.c. .alcohol, and .5 grams of solid potash, in a 
flask provided with a reversed condenser, only ono-third of tho butyl iodide was con- 
•vorted into butylene, tlin chief product, 0 veil with this largo excess of potash, being 
biityl-othyl (dhcr. This ether Ixiils at 91*7° under a pi*eS8uro of 74*2*7 mm. Its 
specific gravity is 0*7694 at 0°, 0*7522 at 20°, and 0*7367 at 40° (Licbcn a. Eossi), 

Zsolitttyl iLloobol. — CH(OH®)*.CH*OH. This alcohol, separated by Linno* 
manri’s method of fractional distillation (see Bistiixation) from tho products of tho 
alcoholic fermentation of corn or molasses, is optically iuactivb, boils at 108*39°, has 
a sp. gr, of 0*8003 at 18°, and dissolves in 15 parts of water at* 16° (Linuemann, Ann. 
Ch, Phnrm. cxl. 195). 

It may bo formed systematically from tiormal butyl .alcohol by tho following 
scries of processes : 1. Tho normal alcohol is converted into nornml butyric acid by 
oxidation with chromic acid. 2. The ammonium salt of this acid distilled with dry 
zinc chloride yields butyponitril, C^H’N. 3. Tho nitril treated w'ith hydrochloric or 
sulpliiiric acid and zinc takes up 4 atoms of hydrogen, and is converted into normal 
bTitylamino CTI“N, 4, Tliis base heated wifli silver nitrite and water (1 j»^ Suppl. 
63) yields a butyl alcohol which boils between 105° and 110°, dissolves in 8 to 9 
piirts of water at 22°, is convortod by oxidation into an acid having the composition 
0«n®0*, and yields an iodide boiling between 119° and 121°: it is therefore identical 
'With the butylic alcohol of fermentation (Is^. Suppl. 373) (Linnomann a. voc Zotta, 
Ann. Ch. Pharm. clxii. 3). 

2, Prom isobutyric acid, by distilling tho calcium salt of that acid with calcium 
formate, and treating the isobutyric aldehyde CH(CH*)*.CHO, thereby obtained, with 
sodium-amalgam (Linncmann a. von Zotta, ibid. 7). 

3, From tertiary butyl alcohol, or trimethyl carbinol, by 'converting 

CH* 

this alcohol into the coiresponding butylene or dimethyl-eUiylone H*C— U — CH*, 
combining this hydrocarbon with bypochloroue add, and treating tho resulting iso- 

lOH 




with sodium-amalgam, -whereby the chlorine is ex- 


, . fCH(CH*)* 

changed for hydrogen, and isobutyi alcohol 0 <1 H* is produced (Ir^ Suppil. 376). 

i OH 

Insult is attained by heating the dibromide of dimetbyl-ethylehe 

CH*Bp 


H'O—Ij—i 


CH* (which is identical with monobrominated tiimethyl-^binyl bromide, 
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and 'witli tho dibromido of iaobutylono, and may also be produced by acting on isobutyl- 
iodido with broiniue not in excess) witli 20 volumes of water to 160®-160® for 24 
hoiira, whereby- isobutyric aldehyde is formed : 

(cn»)= (on»)* 

l)Br + H»0 = 2aBr + CH , , 

I I 

CH'Br CHO 


which may bo converted into the alcohol by sodium-amalgam (Linnemann a. von Zottn 
Ann. Ch. Pharm, cxlii. 33). * 

laohuiyl Bromide^ CH(CII*)^GTI-Bp, prepared by treating the alcohol with 
|>hosphorus and bromine, and purified in tlie usual way by washing, drying and frac- 
tional distillation, is a colourless mobile liquid Iiaving a pleasant but slightly allia- 
ceous odour, boiling at 90*5®. and having a specific gravity of 1-249 at 6®, 1*191 at 
40*2° and 1*1408 at 73-5° (Pierre a. Puchot, c7. Pfiarm, [4] xiii. 9). 

laohuttfl Chloride, CI1(CII*)®.CI£*C1 prepared by saturating tho alcohol with 
Jiydnigen chloride, or treating it with phosphorus pcntachloridc, is a limpid liquid, 
having a pleasant, ethereal, hut slightly alliaceous odour, and boiling at 60® under 
ordinary pressure. Sp.gr. « 0-8953 at 0°, 0*86.51 at 27'8o, 0*8281 at 59®. Its specific 
volume at di&rent temperatures is given in the following table/ the volume at tho 
boiling point being taken as unity : — 


Distance in degrees 
Centigrade from the 
Ixdiing point 
0 
10 
20 
30 
40 
50 
60 
70 


Specific Volunio 

1*0000 
0*9848 
0-9705 
0*9570 
0*9443 
0*9322 
0*9208 
0-9101 


(Piorro a. Puchot, Covipt, rend, Ixxii. 832). 

laobut^ Iodide, CH(GU»)».CH=I, boil* at ISO CSo (Linnomann), at 122-6» 
jnetTO a. X'ucliot). On heating it with water in .1 retort, the two liquids distil oror 
toother at a constant temperature of sa® or 9G'’, tho distilhito containing 70 parts 
butyl iodide to 21 ^ta water, whatever ho tho proportion of tlio two in the retort. 
Ouring the distillation bubbles of vapour are seen to rise from the junction of the two 
toyere of liquid, ea^ bubble carrying with it a drop of iodide (Pierre a. Puchot, 
{jQiiift, rend, Ixxiv, 224). 

{ C*H* 

T- 

on 

hy the action of hytorfie acid on eryllirite, and afterwards by the 
chlorinated ethyl (node (Isf 

fomed fi«m normal butyl alcohol, by first conv^og^ 
alMhdic soMmTT”h CIFCH«CH*.Ca?I, heat&g this iodide wfth «n 

leM ^ whereby butylene is proiluced, and cabining thie buty- 
lene with hjilnodic nod, whereby secondary butyl iodide ie obtained : ^ 


Butyl Aloobol, or Btliyl-metliyl Carbinoli 

This olcohol, or rather the corresponding iodido (C*IP)(CH*).0HI. 


CH» 

I 

CH» 

I 

Cfl* 
I 


CH» 

I 


+ KHO = KI + H*0 -h I 


CH* 


OH*I 

Konnal llutyl 
iodide. 


OH 

Hb* 

Butylene. 
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OH» 

t 

CH» 

CH* 

1 

CH* 

1 + HI 

= 1 

CH 

11 

CHI 

1 


1 

CH* 

Bntylcnc. 

Bccondary 
Butyl iodide. 


The iodide thus obtained, which distils almost wholly between 116® and 120°, is 
convortodiii the ordinary way into the corresponding acetate (CH“)(C-IP).CH(OC*II*0), 
110°-113°), and this, by snponilication, into secondary butyl alcohol, boiling 
l)c‘l wccii 97® and 100°. This alcohol yields by oxidation meth^d-othyl ketone and 
acetic acid (Saytzeif, Zciijschr, f, Chem. vi. t327). 

Wlion normal brominatod butyl bromide, CH*— CH® — CILBr-- CH^Br (identical 
with tho dibroniido of normal butylene) is heated with 20 times its volume of W'ator 
to 150° for 24 hours, a ketone boiling between 76® and 80° is formed, which is doubt- 
less elliyl-mclhyl ketone, produced by tho reaction : 


CH» 

CH® 

CHBr 

CH®Br 


L + IPO 


2HBr + 


•CIP 
CO 
CH» 


and this ketone by hydroganation would doubtless yield othyl-methyl carbinol (Linno- 
inann, Ann, Ck. Vharm. clxii. 1). 

Tertiary Butyl Aloobol, or Trlmethyl Carbinol. C(CH®)®.OH. 

- This alcohol, originally formed by the action of water on tho product obtained by 
tw-ating acetyl clilorido with zinc-methyl (Butlerow), was aftoi>wards obtained by 
cuinbining isobutylono (from isobutyl iodide) with hydriodic acid, whereby tertiary 
butyl io(lido or trimetliyl-carbinyl iodido (CH*)®.CI is produced, and decomposing this 
iodide with moist silver oxide (Markownikoff, see 1«^ Stt'ppl, 374). Butlerow (Zeitschr, 
f. Cham, [2] vi. 237) modifies tho process by passing the gaseous isobutylono into 
sulphuric acid, whereby trimoihybcarbinyl-sulphuric acid is formed : 


n*c CIP 

v 

C 

II 

cn® 




H»C CH* 

\/ 

CHSO« ; 

in* 


and converting this acid into trimethyl carbinol by distillation with water. The details 
of the process are as follows : — 

1. Isobutyl iodide is prepared by passing hydrogen iodide into boiling isobutyl 
alcohol in an apparatus provided. with a condensing tube; nt ordinary temperatuiSs 
Tory little iodide is formed, but tho alcohol saturated with hydrogen iodine at ordinary 
tcnipoiutures takes up a larger quantity when hoated, and is then completely converted 
into isobutyl iodido. Butlerow recommends this process for preparing the iodides of 
tho rarer alcohols. 

2. To prepare isobutylene, 4 ports of alcoholic potash (1 part KHO to 3 parts 
nlcohol of 90 p.c.) and ^ port pulverised potassium hydrate aro introduced into a flask 
provided witli a funnel and condensing tube, and 2 parts of isobutyl iodido are 
giudually poured in through the funnel. The mixture is gently heated to start tho 
rojietion, which tlion goes on of itself, but towards the end heat must be again applied, 

however, to the sides of the ^sk, to prevent fracture. If less than the pre- 
coclmg quantity of potash be used, tlio quantity of isobutylono obtained is small, probably 
in consequeuco of tho formation of ethyl-isobutyl ether. Tho isobutylono gas, after 
w:ishing witli nlcohol and then with water, is collected in a gas-holder. 100 grams 
iodido thus treated yielded 10 to 11 litres of isobutylene. 

The absorption of the isobutylene by sulphuric acid is effected as follows ; — ^Within 
nn upright Liebigs condenser 0'6 to 0‘6 met. long is fixed a tube 1 centimeter in 
< luiuctur, filled with coarsely pounded glass, and closed at top and bottom with caout- 
Jiiouc stoppers. Through tho lower of these stoppers are inserted two delivejy 
I'luoR one, intended for the butylene, passiziff upwards to the height of a decimeter 
yuo the pounded gloss, while the other, which serves as exit'tubis for the sulphuric 
roaches only to the upper surface of the stopper. This last tulM is bent upwards 
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outside the condenser, to the length of 8 contimotere, and then backwards like a fork. 
This tube consofiucntly always romaiiis full of acid, and thus stops the passage of the 
eas Into tho iippor stopper are fitted a g;is-dolivcry tube and a funnol-tubo, provided 
with a stop-cock, tlirough which the sulphuric acid drops slowly on to the gbiss. Tho 
dried isoliutylono is now slowly admitted from below, cure being taken to provide good 
rofriffcration during tho whole of tho experiment, since in tlie absorption of tho gas 
by the iicid (3 parts H®SO« to 1 part water) much heat is evolved which gives rise to 
the formation of an oily by-product. For the same reason the acid saturated with 
tho isobiityloiio must bo slowly dropped into cold water, ahd only a very dilute solution 
siibiecUid to distillation. Tlio watery distillate udiich contains the trimethyl ciirbinol 
is tilterod to sepamto a trace of oil, then saturated with dry potassium carbonate to 
separate the alcohol. 85 litres of butylene yicldod by this process 20 grama of dry 
trimethyl carbinol: consequently tho 10 litres of isobutylene obtained ns above from 
100 grams of isobutyl iodide would yield 23*5 grams of trimethyl carbinol. Pure 
fermoiiUtion butyl alcohol should accordingly yield about half its weight of tho tertiary 
alcohol. ... , , . 

Hydrochloric acid heated with ieobutylono acts upon it in tho same way as hydnodio 
acid, converting it into tertiary butyl chlorido : 


C(CH»)- 


CH® 


+ HCl = 


C(CH=')®C1 

in* 


The action docs not take place at ordinal^ temperatures ; but when isobutylene is 
condensed by strong cooling in tubes containing very concentrated hydrochloric acid, 
and tho tubes, after being sealed, are heated for several hours in a water-bath, tho 
whole of tho isobutylene is converted into the tertiary chloride, which floats as a layer 
on tho top, no gas being evolved on opening the tube. Tho tertiary chlorido, heated 
with water in u n^tort with reversed condenser, is converted into trimethyl carbinol 
(Siilessky, Amu Ch. rhunn, clxvi. 92). 

Other iiKithods of p:i.ssing from isobutyl alcohol to tlio tertiary alixthol have been 
devised by Li nnomanu {Ann. Ck. Phann. clxiL 12). a. A mixture of freshly precipitated 
silver oxide or mercuric oxide and glacial acetic acid nets on isobiityl iodide at oi^i nary 
temperatures, producing trimctliyl-cnrbinyl acetate and trimotiivl carbinol, togetlier 
witli isobutylene and a small quantity of a gas not absorbed by bromine, From the 
isobutylene thus formed, a further quantity of trimotliyl carbinol may bo obtained by 
Lublcrows process above described. This method of preparing trimethyl carbinol and 
its derivatives appears indeed to be tho most productive known, inasmuch as 100 ports 
of isobutyl iodide thus treated yield directly 27*5 parts of trimethyl carbinol and 1 1 parts 
of isobutylene, which when treated by Butlerow’s method yield an additional 11 pirts 
of trimethyl curbiiiol, in all therefore 38 parts of tho tertiary alcohol, the theoreticid 
yield being 40, whereas Hutlcrow's process directly applied to 100 grams of isobutyl 
iodide yielded, as .abovo stated, only 23*5 grams of trimethyl carbinol. 

Tho formation of trimethyl carbinol from isobutyl iodide by means of silver oxide 
and glacial acetic acid may bo explained by supposing that tho elements of hydriodio 
acid are first removed, forming isobutylene, which, in tho nascent state, combines with 
the elements of the acetic acid forming trimcthyl-caybinyl acetate. The simultaneous 
formation of this acid, trimethyl carbinol, and isobutylene is in favour of this view. 

According to Butlerow {Ann, Ch, Pharm, clxviii. 143), tho butyl alcohol obtained 
by this process is a mixture of about equal parts of trimethyl carbinol and isobutyl 
carbinol, so that tho advantage obtained by it is not so great as stated byLinnemann. 
Butlerow also finds tliat tho quantity of silver oxide used by Linnemann, vis., thnfc 
obtained from 60 parts of silver nitrate to 80 grams of the isobutyl iodide, which is 
about twice tho calculated quantity, afibrds no advantage, tho oxide from 30 grams of 
silver nitrate being quite sufiiciont for tho same quantity of iodide. 

• ^**®botyl bromide treated 'Mnth mercuric oxide and glacial acetic acid likewise 
yields trimethyl carbinol ; but silver oxide docs not act upon it. Isobutyl chloride is 

scarcely Mtod upon by either of these oxides mixed with glacial acetic acid. 

thus monochlonde converts isobutyl iodide into trimethyl-carbinyl chloride 


H»0 CH» 



CH + 

I 


♦ 


ICt 


P 


HKJ OH* 
\/ 


+ CCl 



Uxl" ^ r; ■ 

and this cMorida {b.p. 46»-62») haitnd to lOO® aith mtn for aovetal honr* > iJClW* 
wholly converted into tnmethyl carbinol. V fr 
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8. Isobnfcyl iodide heated with dry silvor cyanato yields isobutyl cyanato ; and this 
ether mixed with finely powdered potassium hydrate and heated in small quantities at 
a time, gives off vapours, not of iaobutylamine, but of trimctliyl-rarbinylamini! or 
tertiary biitylaniino, C(CH“)“.NH“ ; and the hydrochloride of this amino heated 
with silver nitrate. and water yields trimethyl carbiuol (Ldnnemann). 

h'or the dehydratiofi of trimethyl carbinol, Butlcrow combines it with calcium 
chloride and decomposes the resulting compound by distillation. Linncmann prefers 
the use of caustic baryta, as he finds that the alcohol, in distillation from its com pound 
with anhydrous calcium chloride, which requires a temperature of 160°-200°, is partly 
cthorified ; if the wilcium chloride used contains so much water that the alcohol can bo 
distilled off in the w<ater-bath, the distillate contains as much water as the original 
alcohol befoi-e treatment with calcium chloride. By repeated treatment with caustic 
baryta in scaled tubes and subsequent fractional distillation, Linneiminn obtained from 
the crude product, 74 p.c. of pure anhydrous trimethyl carbinol. 

Trimetliyl carbinol crystallises at temperatures below + 20° in large rhombic, 
iloulJyrefractingppisms,which molt at 25°-26‘6°and readily attract water, whereby they 
are liquefied (Butlerow, ZeitscJir. Chem. [2] vii. 273). According to Liniiemann, it 
molts at 23°-24° and often remains liquid at temperatures below the melting point, 
solidifying suddenly on agitation or on throwing into it a piece of thin platinum wire. 
It boils at 82‘94° (Linnemann) ; at 82'5° under a pressure of 7*'50 mm. (Butlcrow). 
jSp.gr. = 0-7792 at 37® (Linnemann) ; 0*7788 at 30°; its coefficient of expinsion 
hotween 30° and oO® is 0*0136 for 1° (Butlerow). On adding water to anhydrous 
trimetliyl carbinol, considerable contraction takes place. The hydrate 2C(CH*)*.On + 
11^0 is liquid at 0°, boils constantly at 80° and crystallises at the temporaturo of a 
mixture of .snow and salt, in fine, silky needles (Butlerow). 

Te riittry Biityl Chloride^ C(CII*)*C1, is obhiincd by pissing isobutylene into 
very strong hydrochloric acid in tubes cooled by a freezing mixture, then scaling the 
lubes, and heating them to 100° for sovoral hours: 


C(CH*)* 

Uh‘ 


+ HCl 


C(C1P)*C1 


Hh. 


An oily liquid is tlieroby formed w'hich is eonvertod into irimcthyl carbinol by boiling 
with water (Salessky, Ann, Ch, Pharm. clxv. 92). 

Tertiary Butyl Iodide, C(CH*)*.I, heated with dry mercuric cyanide is converted 
into the corresponding cyanide, according to the equation : 


caw + ng(CN)= « Hgl(CN) + C^H»CN. 


The reaction is very violent, and must be moderated by cooling, but even tlion, a 
certain quantity of gaseous isobutylene is given off. The product distilled with water 
yields an oil containing the nitril, G^H^CN, together with a small quantity of iso- 
cyanide, which may be decomposed by hydrochloric acid. The portion of the oil boiling 
.'It 90°-l 20° consists chiefiy of the nitril ; tlie higher portions up to 200° which con- 
Ktituto the larger portion, consist mainly of polymeric isobutylenc.s. The nitril 
boils at about 103°. On decomposing it in a digester with alcoholic potash, extracting 
the potiiBsium salt with alcohol, distilling it with sulphuric acid, and dehy^ting tlie 
fiiBtillate ivith phosphoric anhydride, trimethyl-acetic acid, C(CH*)*.CO®H, is 
obtiined, which solidifies imm^iately to a vitreous mass intersporsed with czystols, 
melts at 31°-35° and boils at 161° (Butlerow, Deut. Chem, Ges. ier, v. 478). 


(Liebon a. Boss!, Ann, Ch. Pharm, clviii. 172 ; Linnemann, 
M. didi. 3). yormal btHylamiHe, C‘H"N - prepared 

by heating butyl chloride to 100°-110° in scaled tubes for two days with solid potaa- 
Jiium cyanate and alcohol, and digesting the rmlting alcoholic liquid, which contains 
butyl cyanato, with caustic potasn. On distilling the liquid to diyness, adding water 
nnd iigaip distilling, acidulating the mixture of the two distillates with hydrochloric 
uoid, again evaporating to dryness, and exhausting the residue with alcohol, a solution is 

while sal-ammoniac remains undissolved. The alcoholic extract ovaporat^ to ^ynesft 
und distilled with lime from a combnstion-tube, the front part of which contains anhy- 
drous biuyta, yields a mixture of the three normal butylamines, from which the monp- 
butylomine is easily separated by fractional distillation ; the di-and tri-butylainino 
p-ro less easy tp separate. The throe butylamines are likewise obtained as hy-producto 
Lc the prepandon of normal valeric acid from hu^l cyanide (Idehen B. Boesf.) 
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formal butyUmine may also be prepared by hydrogonifling butjrTonitril CHH’N, 
(boiling at 116°-117®) which is obtained by distilling with zinc chloride the ammoninm 
salt of normal butyric acid. By mixing this butyronitril with hydrochloric or sul- 
phuric acid, a)i(l allowing the mixture to flow on to ziiic,^ a small qnantit.y of btityl- 
amine is formed, and an additional quantity may bo obtained by distilling off the un- 
altered nitril and repeating the process from twenty to twenty-five times (Linne- 
manii). 

Normal biitylaminc ifl a colourless, hygroscopic, ammoniiical-smolling, fuming 
liquid, whicli boils at 75 5® under a pressure of 74*0 mm. and lias a sp. gr. of 0-7653 
at 0^, 07333 at 20° (Lioben a. liossi) ; boils at 76®-77° and has a sp. gr. of 0740 at 
20® (Linneraaiiii). Its vapour produces a feeling of heat on the skin, and strongly 
attacks cork and caoutchouc. It mixes in all X}r(^rtions with water, and the solution 
precipitates tho salts of lead, aluniininm, magnesium, copper and silver. The copper 
and silver precipitates, and apparently also tho aluminium precipitate, are soluble in 
excess of butylnmino. 

Tlydrochloriik of Butf/taminc is very soluble in alcohol, melts at 195°, decomposes 
to a groat extent when distilled (Linnemann). 

Tho platmo-chloridc^ 2(C^II"N.nCl).PtCl*, crystallises in golden-yollow plates 
slightly soluble in cold, moderately soluble in hot water ; soluble also in alcohol. 

Normal butylamine is converted by nitrous acid, not into normal butyl alcohol, but 
into isobutyl alcohol (Linnemann); sec p. 217* 

Bihtdylaniinc N1P(C^1I")-, boils at 160° and forms a platino-clilorido, crystallising 
in long needles which melt and dissolve easily in hot water, very spiu’ingly in 
cold water. 


Trihutylamine N(C‘H“)‘, is prepared by heating with butyl iodide and alcohol, tho. 
mixture of primary, secondary, and tertiary amines obtained ns a by-product in tlio 
synthesis of normal valeric acid from butyl cyanide. By boiling the product wifcli 
caustic potash, ietralnitylmmmmunt iodide and trihutylamine are formed. Tho former 
is not attacked by boiling caustic potash, but is quickly decomposed by moist silver 
oxide. The latter boils between 211® and 215° (corr.) under a pressure of 740 inin. 
(tributjrlamine from fermentation butyl alcohol boils at about 30° lower) ; it forms a 
crystalline hydrochloride, from which caustic potash or ammonia procipilates tlie l>aso 
as an oily liquid (Licjbon a, Kossi, Ann. Ch, Pliarm. clxv. 109). Tho plaibm»c}dor\de 
2(C‘*H*'’'N.HCl).PtCl^ crystallises in groups of small needles, which melt and arc 
slightly soluble in warm water, very slightly soluble in cold water, moro freely ia 
alcohol (Linnemann). 


laohutylamine, N discovered by Wurte, and already doscribed 

under the name of tctryhimino (v. 737) is obtiined by distilling a mixture of the 
potassium^ salt of isobutylsuliihiiric .acid and potassium cyanate, and treating the 
product with caustic potash. It boils at 69°-70° (Wurtz), at 65-8®-68-3® under a 
pressure of 743 mm. (Linnemann) ; has a sp. gr. of 07357 at 15° ; dissolves in ell 
proportions of water, and solidilios on exposure to the air, forming a carbonato. Its 
/lydmcfUor^e dissolves in 073 pt. water at 15°, and melts at 160° (below 100° ac- 
coroing to Wurtz). The platino-chloride is slightly soluble in water (liinncmannV 
Hydrochlondo of isobutylamine distilled with silver nitrite and water yields, 
not isobutyl alcohol, but tertiary butyl alcohol or trimethyl cnrbinol C(CH*)*.OH, 
01 mg at 81 -85 ; and it has been already stated that normal butylamine similarly 
treated yields isobutvl alcohol: it in fmmH niim 



always producing the alcohol of a radicle containing one moro methyl 
group than the original amine (provided of course that tho amino is camble of 
fonnmg an isomende containing one more methyl group) (Linnemoun). 
ftobutylamines jirepared by K. Roimor from isobutyl alcohol obtained by KrSiner 

Hofii^n {Ikut. Chem. Ber. in. 756). Tho alcohol hoUed at 108-: *W» 

TTIrkl.Inrl 1 a-.1 1 .1 « .... 


I . 'll iT looj. i.no atwuui uoueu ol luo'': iroBiea wiw 

J* (besides butylene hydrobromide) isobutyl bfoniido 

►0° with alcoholic ammonia yifiMod.- * 


, r *1, jrjujum I Dcsiaes DULvienc 

bwmi'lehyaWto ISO- with alcohoUo anmonia' yielded :* 
^ wohutylammes. which were but imperfccUy eepanble bv £^<aiHd 
by the application of H&nn's 

method to the euitablofertione, into mono-isobutylaminelxMliDff 8t8a*^6«"liS4 
di-i8obutyIamino boiling at 120--122-. The higfaeot boiling potflon 
mixture of bases, when further treated with tho isobutyl bromidl yielded the Wa 
bTomido of a nearly pure tri-isobutylamino boiling at 

This base digested wiUt the bromide yielded, not tho totrabutylammonium 
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The NjjiijjV, derived from mono-isobuty- 

lamine, boils at 101®-163® and forms with ammonia a woll-crystalliscd urea 
CS(NH*)[NH(C*iI*)] melting at 90®-91®. Tho iKomoric isohutyl sidpho-cyanate 

3 produced b^ the action of potasaium siilpbocyauate on iaobutyl sulphoto 

boils at 174»-176».. 

Tertiary BiUylamine or Trimethyl^carhinylamine, N , is pre- 


proparod by heating isobutyl iodide with dry silver cyanato, mixing tho resulting 
solid compound of silver iodide and isobiityl cyanato with finely pulverised potassium 
Jiydrate, and heating the mixture by small quantities at a time. Vapours of trimethyl- 
(-arl)inylamino (not of isobutylamino) are then given oflf; these may bo absorbed by 
hydrochloric acid, and the resulting hydrochloride of tricarbinylamino separated from 
sal-ammoniac by digestion with alcohol after evaporation to dryness. 

Pure trimethyl-carbinylamino separated from tho hydrochloride by distiUation 
with an alkali, is a liquid boiling at 45®-46° and having a sp. gr. of 0‘6087 at 16°. 
its hydrochloride melts above 250° and is distillable; it dissolves in 17 parts of 
water at 15°. Tho platinocMoride is somewhat soluble in alcohol. Tho hydrochloride 
boiled with silver nitrite and water yields trimethyl cnrbinol. 

The boiling points of the iodides and amines of tho aleohol-radicics exhibit a 
constant difference of about 53® e, g. 


1 


loilido 

Amino 

Diflort'iiciJ 

Ethyl 

Propyl .... 

Putyi 

j Isobutyl .... 

i Trinielhyl-carbinyl 

CH‘CH* 

CH*CH*CII* 

CH=CH*CH«CH» 

CH*CH(CH»)‘-* 

C(CH*)» 

72 

102-2 

129-9 

120-6 

98-5 

187 

49 

76-5 

07-6 

46 

63-3 

63-2 

63’4 

63-1 

62*6 


(Linnomann, Ann. Ch. Pharm. clxii. 3). 

BirmBirs, C*H". Tho number of possible modifications of this and other 
oloflues will bo greater or smaller, according as wo suppose, oil the ono hand that 
tlicir molecules contain either dyad carbon, or free combining units, or on tho other 
hand that they aro saturated compounds, having two of their carbon-atoms linked 
together by two combining units. Thus if butylene be supposed to contain only tetoad 
carbon-atoms, each pair being united by only one unit of affinity, nine modifications 
of it may bo conceived to exist, four saturated and flvo unsaturated, vix. those figured 
iu the First Supplement (p. 37fi) ; and three of these latter, viz. tho second, fifth, 
and eighth, might also bo regaled ns saturated molecules containing dyad carbon; 
hut if the hutyloDos are saturated molecules containing only tetrad carbon and having 
twu of those carbon-atoms united by two combining units, then only three modifica- 
tions aro possible, viz.: 


CH* 

CH* 

H»0 CH» 


'cH 

V 

ijH ■ 

Oh. 



1 

CH» 



~ These ore in fact the only modifications act^lly known, tho first and second being 
produced by abstraction of fil (action of alcoholic potash) from, normal primary butyl 
iodide. CH;-CH*-CH*-CJEPI, or from secondary butyl iodide, CH»CH*-CHI-OH«, 
und the third in like manner from isobutyl iodide CH(CH*)*— CH*I orfromtrimethyl- 
curbiiiyl iodide CI(CH*)*. Tho preparation of this third modification (isobutylene) 
irom isobutyl iodide and its conversion into trimethyl carbinol have been already do* 

smbed(p.2l0). ■ 

Isobutylene has the same properties whether it bo prepared feom isobutyl iodide or 
irom trimothyl-carbinyl iodide ; that obtained by Sutlerow from the former source 
uoiied at —6®, that from the latter at •— 7° to —8® ; but it was obtained in very small 
quantity only, and BuUerow regards as the true boiling pmnt The butylene 
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obtained by electrolyns of isoTaleric (ordinary valeric) add, CH*CH([CH*)*.COOH, is 
likewise isobutyleno, inasmuch ns the butyl iwide obtained by combining it witfrHl, 
is converted, by treatment with silver oxide and water, into trimethyl carbinol, which, 
could not bo produced from either of the other modifications of butylene (Butlerow 
Zeitschr,/, Che.n. [2] vi. 236). 

By combining a butylene with 2 atoms of bromine and treating the compound 
C*H“Br= with alcoholic potash, it might bo expected that a hydrocarbon C*H* would b« 
produced, viz. crotonyleno; andOaventou indeed states that crotonylono is thus ob- 
tained from the butylene produced by exposing the vapour of fuseUoil to heat, (ii. 

196) which, as Butlerow has shown, is isobutylene. But isobutylene H®C — 

cannot yield a crotonyleno, except by transposition of the atoms, or by the formation 

< CH* 

I . It is more probable, therefore, that 
CH" 

Cavoutau’s butylene was one of the other modifications above mentioned (p. 223), the 
di bromide of either of which might yield a crotonyleno : 

CH» 

in 


CIP 

1 

CH’ 

CH* 

1 

CIP 

I 

CH* 

CH*Br 

1 — 2HBr 

~ 1 

; and | 

tJHBr 

G 

CH“Br 

1 

III 

! 

CH=Br 

CH 

CH* 


— 2lIBr = 111 
CH 

CII* 

Recent experiments by Primior {Campt, rend, Ixxvi, 1410) have shown that tlio 
first of these formula?, which is that of ethyl*acetylene, is tlio true ropresontation of 
the constitution of crotonylene. 

Butlerow, by heating isobutylene dibromido with alcoholic potash, obtains, not 
crotonyleno but isocrotyl bromide O^H^Br: 

H»C CH* H*C OH* 

\/ 

CBr — HBr 

in^Br 

^eavy, aromatic liquid, insoluble or nearly bo, in water, 
0 ng at 88 -02 . Heated in sealed tubes to 160® with concentrated alcoholic potash 
or crystallised sodium ethylate, it is converted, by exchange of Br for OC*H^into 
ctnyl-isocrotyl ether : 

/'CH* 


. Y 

'i: 


C=CH(OC’H*) 

^.CH« 


C*H* 

C*H' 


!->• 


(Butlerow, Zeitschr, f. Chem. [2] vi. 623). 

[2] 109) butylene bromide may be ob- 
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isobutylene (produced by direct combination, ^by^he action of bromine on Secondary 
butyl iodide), and bas the constitution GH 4 CH* ; when slowly oxidised by dilute 
nitric acid, it is converted chiefly into butyl^tic or oxy-isubutyric ficid : 

H>C OIPOH H»0 CH*OH 

\z . \z , 


Butylcne-glycol. 


CH 

. <!x)OH 

Oxy-isubutyilc 

acid. 


Another modification is produced by the action of sodium-amalgam on acetic aldehyde, 
the (' 11:1 nge, whicli consists in a duplication of tlio molecule with addition of hydrogen : 
2C'iI^O + being analogous to that by which benzoic aldohycle C’II*0 

is coiivcrt-fid into benzoin 0‘*IT’*0*. 

To prefuiro it, sodium-nmnlgam is added to an acidulated dilute aqueous solution of 
Hldcliydo, and the filtrate is neutralised and distilled, to separate the ethyl alcohol 
formed at the same time ; other by-products tiro removed by agitation with other ; 
thi^ aqueous liquid is evaporated almost to dryness, mixed with alcohol, filtered 
li'iiiu srxliiim chloride, and distilled ; end tlie butylene glycol is finally obtained from 
I Ik; pm-tion of higher boiling point by rcixsatod fractional distillation. The product 
is. Ijowevcr, very small, even under the most favourable conditions. 

Jlutyhuio glycol tlius prepared is a clear syrupy liquid having a sweet but slightly 
pungent taste; easily soluble in water and alcohol, insoluble in etlier; boils at 2U3‘5*^- 
When oxidised by nitric acid, it yields acetic, oxalic, and carbonic adds; with 
aqueous chromic acid, only acetic and carbonic acids, the oxalic acid undergoing furtlier 
cixidation. In botli cases, also, crotonic aldehyde is formed, together with small quanti- 
ties of acetic aldehyde. 

The foriTiation of crotonic aldehyde by oxidation of this butylene glycol shows that 
the foniiuLi of the latter is CH*'”CII*OH— CH— CH*OH. Probably the elements of 
witor are first separated, giving rise to crotonic alcohol CH* — CHmCH — CH*OH, 
uliifli is then oxidised to crotonic aldehyde CH* — OII=:CH — COH. This aldehyde 
yioKls the same oxidation-products as the butylene glycol (KekuU, D^tt. Chem. Gee. 
Jitr. Y. 66 ). 

BVTTMG JliOIB. Linnemann a. von Zotta (Ann. Ch. Pharm. clxi. 175) have 
prciMrcd normal butyric acid, CH*CH*CH* — COOH, from pure fermentation 
propyl alcohol, by coiivorting this alcohol into iodide, the latter into cyanide by heating 
It tor 30 hours with alcohmic potassium cyanide, and decomposing the cyanide with 
caustic potash. From the potassium butyrate thus obtained, the acid was separated 
hy nGutnilisation with hydrochloric acid, evaporation to diTUoss, and treatment with 
«lry hydrochloric acid gas, and finally purified by distillation over phosphoric anhydride, 

Xomal butyric acid thus prepared is identical with that whi^ is produced by the 
fermentation of sugar, as the following* comparison will show 



Butyric acid prepared 
by Oynthoeu 

Boding point (corrected) ... 
Specific gravity at 14® . . , 

of silver salt AgC*H*0» ini 

caldiim salt ci(C*H*0»)»| 

Solubility of barium ult B^C*irO*)»{ 

htliylic ether 

Boiling point . . , 

Specific gravity fit .16® ... 

162®-lfl3® , 

. 0*0601 

in 200 parts at 14® 

in 8*2 parts at 16® 

in 2*4 parts at 14® 

121*06® 

0*8068 


fermentation of Sugar 

162*82® 

0*0580 


121070 
V - 6 0008 


away, ■ 
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According to Grunzwcig Ch. Pharm, clxii. 193) it boils at 157®-160® undor 
a barometric prossuro of 716 mm., and its salts exhibit the following soIubilitieB: 

100 parts of water dissolvo of tho 


Silvor salt Ag C^H’O* . 

SiSS?;. IlH) 

Strontium salt (ci^st.) Sr(C'H'O-)® + H-O | 
Zinc salt (cryst.) Zn (C^II'CV*)* + 2H-0 


0*413 part at 16° 
16’1 parts,, 22° 
19*61 „ 220 

39*2 „ 20° 

40*2 „ 22° 

10*7 ,, 16° 


Isobttt^lu! Normal Puiyrate, CH‘CH*C1I® 

I , prepared by treating isobutyl 

coo[cn*cH(cir*)2] 


alcohol with sulphuric acid and normal butyi*ic acid, boils at lo0®-165o (nncorroctcd) 
under a pressure of 722 mm. and has a specific gravity of 0*08798 at 0®, 0*8663j 
at 16°, 0*81838 at 98*44° (Griinzwcig). 


Xsobutarrie acid, C1T( 011^)^.00011, is prepared by oxidising isobutyl alcohol 
with chromic acid mixture. Linnemann and v. Zotta, (^nn. Chem, Vhartn, clxii. 7), 
purify it l)y converting the product into a calcium salt and decomposing this salt 
with diy hydrochloric acid gas. Piorro a. Ihicliot Ckim. Phys, [4] xxviii. 363) 
convert the alcohol by partial oxidation into isobiitylic isobutyr.ato ; decompose this 
ether with potash ; distil the resulting potassium isobutyrate witli dilute sulpliiiriL' 
acid ; and subject tlio distillate of aqueous butyric acid to a series of fractional distilln* 
tions, whereby pure isobutjTic acid C*H“0- i.s obtained. 

Isobutyric acid boils at lfi4*ll° (Limiomann and v. Zotta), at 155*5° (Pierre ii. 
Fuchot) under a pressure of 760 mm.; at 149°-151° under a pressure of 716 mni. 
(Gritnzweig). Its sp. gr. is 0*9503 at 20°, (L. and Z.) 0*9697 at 0°, 0*916 at 62*6°, 
0*8665 at 99*8°, 0 822 at 139*8° (I*icrrti a. Puehot). Theso determinations agree ver}* 
nearly with those obtained by Harkownikoff in 1865 (Is^ 378), qnd show th\t 

isobutyric acid is quite distinct in its physical properties from tho normal acid; 
nevertheless, Piorro a. Pucliot do not appear to consider tho existence of two modifica- 
tions of butyric acid as distinctly proved * (see p, 379 of their memoir) ; and as their 
acid agrees nearly in physical proiicrties with the but jTic acid obtained by formonti- 
tion of sugar, which M'us examined several years ago by Kopp and by Delfls (i. 
692), and found to boil at 1 56° they appear to regard this latter as tho pure butyric 
aci^ and the acid of higher boiling ]x>int obtained in the same manner, as ap impure 
pjK^uct. As, however, tho butj'ric acid of formenbit ion boiling at 164° agrees in its 
properties and those of its derivatives with tho acid obtained by oxidation of normal 
butylic alcohol, it is much more probable that the fermentation acid boiling at 166“ 
examined by Kopp and by Dclifs yras an impure product contaminated with lower 
homologuos. 

The metallic isobutyrates arc more soluble than the corresponding normal butyriitcs, 
as may bo seen from the following determinations by Grunzwcig : 

100 parts of water dissolve of the 


Silver ealt AgC'H'O* 0 028 parts at Ifl* 

Calcium salt Ca(C*H'0»)» + 511*0 36-0 W 

Strontium salt Sr(0*II'0*)* + 5IFO 4*'l „ 17° 

Zinc salt Zn(C‘H’0*)* + H*0 , . . , . 17-3 „ IW" 


, ®A«r«. — The hoiling points and specific grnvities of methyl and rthyl 

isoratyrato have been determined by Pierre a. Fuchot : those of isbbutyl jsobntyjste 
byGninzwoig: 
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Oxidaiion'-j^oducts of Normal Butyric and laobutyric Acid* — Isobatjric acid is 
oxidised by bromic acid mixture to acetic and carbonic acids : 

C'ITO= + 0* = C2IP0* + 2C0« + 2IP0. 

(I'Mcnmcyer, Zeitschr.f Cltem. [2] vii. 57). 

Now Veicl has shown {Ist SujipL 587)i tliat normal butyric acid treated in a similar 
niaiiiier yields propyl butyrate and ethyl butyrate, but no acid containing a smalloir 
number of carbon-atoms. These reactions appoa.r therefore to afford an easy mode of 
distinguishing the two modifications of butyric acid one from the other. 

According to Griinzwcig, however, the only difference existing betw’ocn normal 
l)iityric acid and isobutyric acid as to the products of their oxidation by cliromic acid 
h(‘s in tile fact that the normal acid is much less readily acted on : the cactuu! products, 
howovor, arc the same in tiach case, viz. acetic and carbonic acids ; in two experiments 
with the iso-acid, 98’4 and 100*4 per cent, of tlio tlicorctical quantity of carbonic acid 
were obtained, whilst in three experiments with the normal acid 71* 7o, and 100 
per cent, were rospoctivoly obtained. 

Bvtiyric Acid from various Natural Sources, — The butyric acid from ordinary butter, 
and that produced by oxidation of conino (ii. 3) consist of the normal acid, whereas 
tliiit which exists in the carob bean, or St. John’s bread, the fruit of Ccratonia Siliqua^ 
is iffohiit.yric acid. When, how(^vcr, the portion of this fruit Icsft behind on distillation 
with water is fennented with chalk and cheese, normal butyric acid is produced. The 
acid ill each case was identified by the properties of its .silver and calcium salts as 
given above (Griinzweig, Ch. Bkarm. clviii. 117; clxii. 193). Gorup-13esaucz 

found butyric acid in old fruit of the soap- tree {Sapittda sapowirifi)^ and considers it 
probable that this acid exists in old tamarinds. Griinzwcig found only acetic acid in 
tho latter. 

■ Crude Butyric Acid of Fermentation, — Grillone {Ann, Ch. Pharm, clxv. 127) has 
rxiiniiricd the composition of tliu acid obtained by leaving a mixture of malt, milk, 
chalk, and minced meat to sbind for several w'oeks. On heating the product to 80°, 
filtering, prcjcipi taring with sodium carbonate, filtering again, evaporating tho filtrate 
to a small bulk, and mixing it with sulplmric acid, a considerable layer of crude fatty 
acid was obtained, tho greater part of which distilled between 156° and 164°, a portion 
iilsu below 125°, another between 125° and 155°, and another as high ns 215°. 

Tho portion boiling below 125° consisted almost wholly of acetic ucid; that which 
distilled between 125° to 156°, of acetic and butyric acids, which wore separated by 
fractional ssiturfition with sodium carbonate ana distillation, tho biitjTric acid then 
pissing over, wdiilo sodium acetate remained behind. No propoiiic acid could be do- 
tiictod : a result whicli agrees with tho statement of Liiinomunn (Ann, Ch, Pkarm. clx, 
224) ns to tho non-occurrenco of propronic acid in crude fermentation butyric acid. 

Of tho portion distilling above tho boiling point of butyric acid, a large fraction 
vontover between 155° and 174°, which seemed to indicate the presence of valerio 
acid ; but this acid was not found. Hy repeatedly washing tho distilhite with water, 
.1 considerable portion of it was dissolved, and this portion saturated with limo 
yielded a calcium salt exhibiting very nearly the composition of calcium butyrate, 
only file traces of tho salts of higher acids being present. 

TIio portion insoluble in water distilled between 200° and 205°, and exhibited the 
composition of caproic acid, tho presence of which in crude butyric acid had previously 
been demonstrated by Stich (Jahresb. 18G8, 522). Tho caproic acid thus isolated, 
yielded an anhydrous barium salt, 100 parts of a saturated solution of which contained 
at 21°-22°, 8'3 parts of dry salt. Now normal barinm caproato is anhydrous, and 
100 parts of its solution at 18*5°contiiin 8*4 parts of dry salti, whereas the caproic acid 
obtained from fermentation amyl cyanide forms a barium salt which cmitains 2H*Oa 
|Miii dissolves at 18*5° to the amount of 84*65 parts of dry salt in 100 parts of water. 
Xlio calcium salt of the caproic acid separatea as above, contains 1 mol. H*0, corre- 
sponding therefore with ^e normal caproato, and nob with that of ordinary caprao 
which contains 3IPO. 100 parts of its solution at 2l°-22° contain 4*4 parts of 
dry salt, tho solution of normal calcium caproate at 186° containing 2*7 parts, and 
‘hat of the ordinary caproate, 11*3 parts of dry salt. These properties show the 
^proic acid contained in emdo butyric acid of fermentation is normal caproic add. 
^0 acid was found boiling at' a higher tempeiatoro than caprede acid. 

, Bumuo AUmEnfly G*H”0 ■■ C*Q^CHO. The preparation nomajl 
^tyric aldehyde, its physical properties, and its Gonveipsioh into normal bu^J^hsphefi 
Haro been alz^y described in connection with that alcohol (p. 214). 

. ^^ohutyrio Aldehyde, OH(OH»)^OHa may be pi»pa^ by distilUng caVito 
»iobuty];ate with calcium formate^ or by 0Kidari<m m isobuty! alcohol. By the 
lorincr process Linhemaiui and ▼. %tta olJdi.^ 7)obteiue^^ 

" < 1,2 ■■ ■ 
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ntdehTde having a sp. gr. of 0-808 at 20®, and a corrected boiling point of 60^-62® ; it 
dissolved in 9 volnnies of water at 20®, «md gave crystals with sodinm bisulphite, 
from which it was separated by potash without alteration. By the action of water 
and sodium -amalgam it is reduced to isobutyl alcohol (p. 214). 

A. Pinner (DmL Cfiem. Gcs. Ber. v. 609) prepares isobutyric aldehyde by cautiously 
oxidising isobutyl alcohol with chromic acid solution mixed with sulphuric acid, to 
dissolyo the chromic hydrate produced ; 100 grams of tho alcohol, ^ litre of water, 95 
grams of chromic acid, and about 90 c.c. of strong sulphuric acid being employed, and 
the mixture being only gently warmed. On re-distillation of tho distillate in the 
water-bath, isobutylic isobutyrate is left, .and tho aldehyde distils over. After treat- 
ment with sodium bisuiphitc (whereby crystals are formed), and drying over calcium 
chloride, the aldehyde boils cou.st.intly at 61®. It forms a difficultly crystallisablc 
compound with ammonia. Potash appears to polymerizo tho aldehyde, forming a 
yellow liquid of peculiar aromatic odour, lioiling for the most part at 145°-155°. 

Sulphuretted hydrogen iotma with i.sobutyric aldehyde an uncrystallisable oil having 
an abominable alliaceous odour. With an aqueous solution of isobutyl -aldehyde- 
ammonia, sulphuretted hydrogen y i elds i s ob ii ty r a 1 cl i n c, C"! [“NS-, as an amorphous 
mass, very difficult to crystallise. This compound forms with mercuric chloride a 
compound nearly insolublo in water, amorphous to tho naked oyo, but ciystalline 
under tho microscope. Isobutyric aldehyde shaken with carbon bisulphide, nftxir 
saturation with concentrated ammonia, forms carboisobutyraldine, G‘'II‘"N'‘'S-, 
which is ciy-stallisable and soluble in alcohol and ether, but not in wat», and melts 
at 91®. 

Para-isohutpric Aldehyde, Barl>aglia {pent, Chem, Gcs.Ber, v. lOo, 2) obtained 
a polymeric modi6cation of isobutyric aldeliyde by passing chlorine into the aldehyde 
kept at a low temperature. A white crystalline bcxly was thereby produced, insoluble 
in water, but soluljlo in alcohol and more freely in ether ; melting at 59®- 60®, and 
solidifying at 50°-51° ; volatile with vapour of water, and subliming easily Avithoiit 
decomposition. It contained no chlorine, and gave by analysis numbers agreeing with 
tho formula C^IPO. Its vapour-density however (105‘55 and 103*76 in two determi- 
nations) showed that its true formula is tho calculated vapour-density for 

which is 108. This modificaiion is therefore para -isobutyric iildehyde; but tho cir- 
cumstances under which it is formed have not yet been ascertained, 4is on repeatiug 
the exporimont, the same body was not produced. 


BVTnOlTB, Cai»0 = CO(C=»H')». Dipropi/l Ketone (Kurtz, Ch, Pham. 
clxi. 206. K. iSclimidt, Deut. Chem, Gcs. Ber, v. 597). Kurtz i)ropare8 thi.s bo'dy by 
Cliancers method (Is/ Svppl. 697) namely by distilling pure calcium butyrate in small 
}X)rtions at a time, and submittiug tho crude distillate to fraction.al distillatioo. 
Agitation with alksilino bisulpliitos did not separato any of the biityrono, but appa- 
rently a mixture of methyl-ethyl ketone and methyl-propyl ketone (la/ Suppl, 592).^ 

Schmidt heats calcium butyrate mixed with calcium carbonato, to prevent fusion, in 
a wido iron tube placed in a combustion-furnaco, the heat being gradiuilly carried firoin 
tho back to the front. By operating in this manner in tho preparation of butyronc 
and of other ketones, a much hirger product is oblainod than when a retort is used, the 
formation of secondary products being in great part prevontod. Calcium carbonate is 
a more convenient addition, to prevent fluxing, than quidclimc, as the latter gives 
rise to tho formation of aldehydes. The crude product is dehydrated by calciuip 
chloride and prifiod by fractional distillation. 

Butyrone boils at 144® and has a sp. gr. of 0*819 at 20® (Schmidt) ; 0*83 (Chancel). 
It is converted by nitric acid into nitropropionic acid C*H'’(NO®)0*, and by oxidation 
with chromic acid mixture into propionic and butyric acids. 


oo{gg; ♦ 0. . + 'i^lo . 

Chlorine acts on butyronc, with evolution, of hydrogen chloride, produdng a 
which decomposes on distillation or when left to itsel f. A similar product is obtained 
with potassium chlorate and hydrochloric acid. !^oBphoTus pentachloride alw 
readily on butyrone, but the product is not easily separated from phosphorus cinyridh*' 
ride^Kurta). 

On adding sodium^ in small pieces to butyrone mixed with a very fftngll ejuantity 
water^ a strong reaction takes place, and a produce is formed containing butyirn^®* 
pi nacone and a secondary heptyl alcohol, having the 

of d propylcarbinol. 


CO + 

c*rr 


(C*H» 

4GHOH 

tow 
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This alcohol boils at 140®-160®, op about 24® lowop than normal heptyl alcohol op 
hexyl cnrbinol iind about 12° lower than the secondary methyl-pentyl 

i iirbinol OIl“.CHOH.C*II", both of which have been obtained by >Schorlemmer from 
ijotToleum oil (see Heptyl A-LCOHOLs). 

j;y oxidation with chromic acid mixture* dippopyl corbinol is peconverted into 
bntyroiie (Kurtz). 

StrXYBOm-PWACOM, « 2C’H»0 + H*, is a crystalline body of 

sp. gr. 0-87 at 20°, molting at 68®. resolidifying at 57°, and distilling at about 260° It 
.miiolls and tastos like camphor, dissolves in alcohol and other, sparingly in water, but 
lions not appear to form a definite hydrate, as is the case with thepinacono of common 
.u rtono. By oxidation witli potassium dichromato and sulphuric acid, it is reconverted 
ijito butyrono (KurU). 


c 

CABBilGIl* Analyses of the ashes of the w'inter cabbage {Brasdea oleracea^ var. 
twpphala) have been made by Hofmann {Landwirthschafiliche Versucha-Stationen^ xiii. 
lio/i). The plant w^as examined at two stages of its dovelopmont, as young plants 
pithnrod in July, and as mature plants taken in the following January. The young 
jilants averaged 20 cm. in height, and 4*8 grams in weight. The full-grown cabbages 
vi ro 40-50 cm. in height, and their average weight, after removing the lessor roots, 
WJis 236 grams. Of this weight the leaves of the cabbage contributed 188 grams, and 
ihi) stalk 48 grams. Analysis showed 100 ports in the fresh state to contain: 



Young plant 

Winter cabbage 

Loaves 

Stalk 

1 Water .... 

85-167 

20*634 

22*458 

1 JJry Substance 

1 14*833 

79*366 

77-542 

I Ash 

4*257 

1*820 

1-466 

1 ^Nitrogen 

*688 

3*064 

1-661 


Thc^composition of the ash in 100 parts was as follows: — 



Young plant 

Winter cabbage 

Leaves 

Stalk 

Potash . . ^ 


30-059 

31-728 

39-415 

Soda 


— 

2-015 

3*517 

Lime . . . 


17-710 

14-426 

12-355 

Magnesia 


4-090 

2-845 

4-887 

Ferric oxide . 


H565 

8-108 

1-347 

i*bosphoric acid . 


7-750 

10-008 

12*263 

Sulpliuric acid 


8-616 

6-087 

0-203 

Silica . 


1-231 

1-198 

-845 

Chlorine . , 


8-189 

7-640 

6-805 

Carbonic acid 


15-175 

13*114 

7-878 

Sand and charcoiil 


6-420 

2-692 

1*325 



101-714 

99*946 

99*840 


CADKimiC* Accoj^ng to Schonn {ZeiUghr. anal. Cham. x. 291)» the ae^cm of, 
this metal on nitric acid ,whiSi is rapid under ordinazy dxcninstaiiceii iaMeitodlrh 
the cadmium is placed in contact with a snfliciently large quMltitr of j 

When a plate of cadmium and a ^ate of copper are inoneried^ m .qs4* 
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CESIUM— CAFFEINE, 


mium eulphato deprivod of oir and covered with a layer of oil, only a slight disen, 
gagement of hydrogen is observed on the snrfaco of Iho cadmium, so long as the two 
plates do not touch, the cadmium being at the same time feebly attacked ; but as soou 
us the plates are xnado to touch, a dejiositiou of cadmium takes place on the conno 
plate (Kaoult, Cmivpt. rend. Ixxv. 1103). 

CJB811JM. Ocourrence. The hot spring of Wheal Clifford in Cornwall contains 
1*71 part of caesium chloride iu a million parts by weight, or 0*12 grain in a gallon 
that is about 10 times the quantity contained in the Diirkhoim water f Col Vnri, ’ 
Chem. Siic. J. [2] x. 273). ^ 

Sonstadt has detected ca?sium and rubidium in sea-water and in sea-weed (CJn>u, 
xxii. 25, 44). . 

Preparation from Lepidolite. Stolba {Dlnfil pal. oxevii. 336) heats lepidolito 
with sulphuric acid (for the preparation of silicofluoi*ic acid) and utilises Uie residue 
for the preparation of cmsiiim and rubidium. The resiihio is boiled with 6 or 6 tiniw 
it.s voliiiiio of water, to wliicli ^wtassiiim carbonaito is added f40 parte to 100 lepidolito) 
and the liquid is filtered at the boiling heat. On cooling it doposite a largo quantity 
of potassium-alum containing rubidium and casium, wliich may bo separated either by 
Ih>dtonbachcr‘.s method (v. 129) or by dissolving the alums in liot strong hydrochloric 
acid, precipiteting the caesium with sbinnic chloride (U/ Suppl. 382), and alter ovano- 
rating the excess of hydrochloric acid from the filtrate, separating tlio rubidium bv 
silieofluoric acid. The lithium remains in the mother-liquor of the alums ^ 

According to Lecoq do Jloisbaiidran {Jiull. Soc. Chirn. [2] xvii. 551) a solution con- 
taining nothing but alkaline salts may be obtained from lepidolito, more rapidly tlwn 
by the usual methods, by acting on that mineral with hydrofluoric acid, adding excess 
ot chalk, filtering, precipitating with sodium carbonate and sodium sulphide anrl 
again filtering. ’ i 

In separating the rubidium and caesium by Bunsen’s method, it is better instead of 
washing the inixed lutartratcs. to dissolve tlioin in just enough hot water, and to stir 
the solution till it is cold. When the resulting precipitate of rubidium bitartmto 
18 treated in the same way two or throe times, it is obtained quite free from cmsium 
Casiosiannw cAfeWrfc 2(:sC].SnCl', crystallises inoctaliedrons or cubo-octaliedwns, 
and has a sp. gr. of 3*308 at 20*o® (referred to water at the same temperature). Before 
precipitating caesium with stannic chloride, it is nbcessaiy to expid ammoniacal salLs 
inasmuch as aminonio-stannic chloride is insoluble in strong liydroehloric acid To 
deconiDoso the caesiostjmiiic chloride, it is mixed with powdered siil-ammoniac nnil 
Ignited, whereupon the sUnmc cliloride vohitilisoB (Wtolba, Dingl.pol. J. cxcidii. 265). 

f^om Cn/cr.— Acccording to H. Aubert 
{J^ugers Archiv.f. Ph/mdogie, v. 589) the largest amount of caffeine is obtain^ bv 
exhausting the coffee with water, citherbypmiLion orby 

new^eo treating the s^Tup from five to eight times with clilorofomi at a tem^ture 

liaw beans of the yellow Java kind yielded bv this method n* 7 no n>fiAn wTiSIa 

much io.i8tod, coffee loses a certain quantity of caffeine, which sublimes whevoaiit 
loses none by slight roasting. Notwithstanding tlii.s, tlio coffee made in the usual wav* 

coffee prepared from lej grams of colons caffeine in a of 

M „p*„ .. 
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Eithmtion of Caffeine in Tea-leavee . — The finely powdered tea-leaves ore heated for 
a fow minutes with throe times their quantity af chloroform, and the liquid, when cold, 
is filtered ofT. The diloruform is then removed l>y distillation, and the residue is well 
wii!jlied with hot wiitor and filtered ; the filtrate, on evaporation, loaves a ciystallino 
mass of caffeine. By this moans sufficient cafieino may bo extracted from 20 grams of 
te':i to give tlio characteristic reaction with clilorino-wator and ammonia (E, Lioronthal, 
Cht'm. Centralbldlft 1872, 631). 

Acf ioii of Jian/ta-waicr 07h Caffeine and Caffddine. — The baso C®H'NO*, obtained, 
together witli forniic acid, hy tho prolonged action of baryta-water on caf&ino, was 
regarded liy iScliultzon, who discovered it, as different both from sarcosiiio and from 
alanine, inasmuch as it did not appear to form doublo suits with auric chlorido or 
pliitinic chloride (Is^ Sujjpl. 383). Kosengartona. Strockor, however (Ann, CA, Pharm, 
dvii. 1), have succoodod in preparing both tho nuro-chlorido and tho plati no-chloride 
of this k'lso, and find that they are identical in composition and properties with tho 
correaponding salts of sarcosiiio or methyl-glycociiio, CH*(NHCH®).COOH. The base 
oljtained from caffoino also dissolvos cupric oxido on boiling, and the liquid on cooling 
yields well-defined rhombic c^^stals of tlie com|X)und (C*H“N0®)*Cu + H*0, identical 
witli those obtained in like manner from sareosirio prepared from creatine (v. 107). 
moreover, when its aqueous solution is mixed with eyauamido and a littlfl ammoniai 
it is converted into creatino. 

A furtlior proof of tho identity of this liaso with snreosino is afforded by tho fact, 
iiol iced by Schultzon, that when treated with nitrous acid it yields a nitroso compound, 
tlni cjilc'ium salt of w’hich is roprcsoiitod by tho formula [C*H^(NO)NO‘*]‘‘'Ca + H“0, 
jiiiismucli as ('omj)ounds which contain tho group Nil* uro usually converted by nitrous 
iin<l into oxy-conipounds (e.q, alnnino into lactic acid), whereas those which con- 
^tiiin tho iiiethylaniiTie residue Nil(CII“) yield nitroso-compounds ; thus 
K.NH2 + 11N02 ,, + IPO + N*. 

II.NHCIP + HNO* =. R.N(OH*)NO + H*.0. 

Tlio equation ropresouting tho decomposition of caffhino by baryta-water iB 

C-Il‘«N^02 + 6H*0 « 2C0» + 2CH»N + NIP + CH*0» + C»H»NO». 

f'rciitine similarly treated yields sarcosino, carbon dioxide, and ammonia, but neither 
Ibi'inic acid nor muthyliimino. 

CAJUVirr OXXi. The presence of copper in c^juput oil was first obsen’^od by 
Guibniirt, Avho found, on examination of a certain spocimen, as much as 0*0274 
p.c. (1 m/ Siipp/. 710) ; at tho present day, however, tlie actual occurrence of copper in 
M ull-niithonticatod samples has boon much doubted, more especially since the investi- 
gations of later ehomists, have, as a rulo, failed to corroborate tho experiments of 
(riiihourt. On the other hand, K Histod, having carefully examined numerous specimens 
of cajnput oil from various commercial sources, has obtiiined in every instance abundant 
indications of tho presence of copper. Ho finds, moreover, that cajuput oil, though 
nfiturally possessing a green colour, becomes perfectly colourless when rodistillra. 
'I’his colourless oil acts readily upon metallic copper, and in a few days ro-nequires a 
grocn colour ; tho quantity of copper dissolved is, however, too small to render the oil 
unfit for medicinal use (Pharm, J, Trans, [3] ii. 804), 

CAlAMirS OX&. Wlion tlio voktilo oil obtained from tho root of Acorua 
Ca/amus is submitted to fractional distillation, tho boiling point rises frpm 140° to 
280°, and tbe fraction passing over at 170° yields, bn carefUl redistillation, a con- 
siderable quantity of product boiling at 108°-159°. Tho oil thus obtained is a hydro- 
carbon (calumone) having tho composition It smells like turpentine, is trans- 

parent, soluble in alcohol and ctlior, and has a specific gravity of 0*8793 at 0°. It 
unites with liydrochloric acid, forming n ciystallino mass which melts at about 65°. 

The oils of higher boiling point ^ola by rectification a bluish liquid boiling at 250^-- 
255°. The colour disappears on Imiling with sodium, and thehydrocarbon then Itoils 
‘?t256°-268°. This hydrocarbon has also the composition C'*H**; it dissolves slightly 
in alcohol, easily in other, and docs not combine with hydrochloric acid (KurhatoWi 
Ohem, Ges, Per, vi. 1210),. 

CAXiCBVAB. . See Cabsonatiu, (p, 267). 

OA.&CXUM OBiLOUIA Supersaturated aolution,-^A 4olvtion of 86(HI00 
of cxystallis^ calduni chlondo in 60 c.c. of water, or of 200 giamB of tl^ 
iiniiydrous salt in 260 c.c. of water, prepared 'warm, may be elbalceh altw. coding, 
ntner alone or with fiiigmonts of glass, /mthoiit cxystallisinj^ but Adidi as ebon as 
a crystal of cahuuin chltende. The same iqltiUon wbw cooli^ to 
v’o begins to drysta Ibtoi tho tempetature ^n riilii^ to ' A 
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toiniiig 65 p.c. GaCP cloposits at about 16° largo plates of CaOP.4H^O, whicH do not 
induce the cryst^illisatiun of the supernatant liquid. This solution in passing from 
the liquid to the solid state undergoes at 70° a contraction amounting to 0*0832 of 
its volume (.E. Lnfubvrc, Compi. rend. Ixx. 684). 

CAMPBZC ACZD. — An acid produced, togotlier with borneol, by 

heating camphor with alcoholic potash in scaled tubes to 180®-200° : ^ 

2C'«I1'«0 + KHO 

Caiiiphor. Borneol. Fotassinin 

camphatu 

When separated by acids fivjni the putassiiiiu salt, it forms a more or less coloured 
nearly solid rosin, and the solutions of its salts when evaporated leave only uncrysbiil’ 
lisublo syrups or aniorphous iimssos (llortholot, Amt. Ch. Phya, [3] Ivi. 94). Wheeler 
{Ann, Ch. Pluinn. cxlri. 84) obtained the lead salt as a white insoluble powder which 
^vc by analysis 3877 p.c. lead, the formula Pb(C' “11**0-)- requiring 38*27 p.c. The 
(txycamphor^ which Wlicelei* obtained by heating monochlorocamphor 'ivith alcoholic 
potish, h.as tlio same composition ns canipliic acid Suppt, 387)* 

Kaclilcr {Amr. Ch. Pharm. clxii. 268) denies the existence of camphic acid as a 
distinct compound. By boiling camijhor (i lb.) with alcoholic potash in a flask fitted 
with a condensing tube for 260 hours, treating the cooled mass with water, and Btr<ain< 
iiig Mie liquid through a cloth, he obbiincd a iiiilkj' liquid containing potassium 
cainplinte and unaltered camphor ; the latter w'us rcmovotl by ether, and a cdoar solu- 
tion tlieroliy obluiTicd from which sulphuric a<‘id throw down a flocciilont resinous mass 
of crude camphic acid. This, when subjected to prolonged boiling witli water, yielded 
a distillate containing cainpliolic acid, and as residue, a hai-d, brittle, slightly acid 
resin, which, when heated with potassium hydrate, gave off a large quantity of camphor 
vapour, leaving a difficultly oxidisablc rc.siduc. Hence Itchier concludes that tho* 
so-calUxl camphic acid is notliing but a mixtim^ of ciiinpholic acid with an acid resin, 
l>pobably formed by condensation and oxidation of several molecules of camphor To 
tlds Bortholot replies {Bull. Soc. Chim. [2] xvii. 390) that Kachlors failure in obtain- 
ing a definite product by the action of alcoholic potash on camphor probably arose 
from his having opeiuted in an open vessel, whereas BerMiolot himself obtained camphic 
acid by heating tho matoriuls in scaled tubes. J. Montgolfier {ibid, xviii. 114) heated 
some of the camphic acid prepared by Bertlielot with water, without obtaining a 
trace of campholic acid ; neither did the camphic acid when treated with nitric acid, 
yield any^ camphoric acid, as it should havo done had it contained campholic acid. 
Iho question as to the existence of camphic acid os a definite compound must therefore 
bo .regam<m ns at present iindocidod. According to Montgolfier, camphic acid is almost 
insolublo m cold, slightly sohiblo in boiling water, and has a specific rotatory power 

OI Itl'o • 


•n AdBf C'*II*’0®, Tliis monobasic acid, originally obtained by 

Uotolande by ^ssing (amphor-Taponr over rod-hot potasb-lime (1st Supvl. 726), is 
ost ^pared by Malms process (1st Suppl, ,?86), namely by tbo action of potassium 
■ in petroleum boiling at about ISO*. Tho potasnum 

campholate thus produced yields, when decomposed by sulphuric acid, a quantity of 

eampholm acid amounting to 20-22 p. c. of the camphor employed. 

cii. acid crystallises from cthcr-alcohol iu soft nooular groups of irregular- 

“ coW water, molu below the boiling pointof 
i> to a slight extent, and separates in ciystallino flocks on cooling- 

C>«Hiso3 + o» = CWH>«0« + H*0 

Campholic. Camphorio. 

cSS ^ + CO» + 2H*0 


« C®H»0* + 
Comphoronic. 


Wtth br^ino and water, campholic acid yields, flrsb Ami 

romo-campbono anhydride. C'»Hi»BrO« .n,i i...,ii— ’ 


, water, cnmpnoiic acid 

bwm^phomo anhydride, C«H«*BrO*, and lastly o*y<amphorio anhydrids C 
pontMhlonde converts it into^campholie dilorl&^i. 
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dilute flolutioDB with strong i»iustic alkali. The other salts are formed from the 
ammonium salt by double decomposition ; the barium, calcium, cine, and magnesium 
salts separate in microscopic needles ; the copper salt as an amorphous light-green 
iiroripitate ; the silver salt, C*®H’^AgO*, els a white precipitate not much a&ictod by 
ixposuro to light. Ethyl cainpholnto is not formed by the action of hydrogen 
chloride on an alcoholic solution of the acid.. 

CAMPHOB, ArtiJicUd Formation, When cymeno (prepared from turpen- 

tino-oil or from citrone) is oxidised witli potassium chroniato and sulphuric acid, in a 
llask provided witli an upright condensing tube, a small quantity of a white crystnllino 
subsUnco sublimes in the tube, having the appearance, odour, and composition of ordinary 
L'jiniplior. The substance thus obtained w'as found to boil at i02^, common camphor 
boiling at 175®; the difference was probably duo to impurity, as the quantity of 
substance obtained was too small to admit of purification (Opponlicim, I)eut. Chem. 
(ies. her, v. 631). 

Action of Nitnc Acid. When camphor is heated in a retort with nitric acid of 
sp. gr. r37, there is formed, besides camphoric and eamphretic (enraphoronie) acids, a 
volatile liquid which floats on top of the Jicid liquid condensed in the receiver. This 
substance is more or less decomposed by washing with WcOt cr or by distillation, and 
can therefore bo purified from ab&orbe<l nitrous vapours only by passing tlirough it a 
si ream of dry air or carbonic acid gas. It has the comijosition of a oiiiraie of camphor 
‘2C'®il'®0.N"0®, analogous to that of cinnamic aldehyde 2C®1I®0.N*0*. Water imme- 
diately ilocomposcs it, forming camplior and nitric acid. Caustic potash, on the other 
hand, docs not affect it (Kachlcr, ihid. iv. 380). 

Tlio mother-liquors obtained in the prepiration of camphoric acid deposit, after long 
standing, ii cryKialliiic body, which by recrystallisation from water, is obtained in thin- 
hansparent rhombs having the composition of t e ti* a iv i t ro - c a m p h or C*“H'“(N0")'0. 
It volatilises by slow evaporation, and explodes when quickly heated. It dissolves 
sparingly in cold water, easily in alcohol, other, and ammonia, and forms with the 
latter a" salt which is precipitated by lead acetate and silver nitrate (Sohlcbusch, 
iii. 591). 

Action of Ammonium Sulphide , — Camphor hented for eight or ten hours to 130® 
with alcoholic ammouium sulphide, yields n product which crystallises from hot' 
uU'ohol in feathery crystals and appears to have the composition (Schlc- 

buach), 

ConstittUion of Camphor and its Derivatives, 


As camphor, by abstraction of water, yields a homologue of benzene, viz. cymone, 
it probably contains a 6-earbon nucleus to whicli tlie remaining four carbon -atoms are 
at tached in lateral chains. V. Moyer, however {Deut, Chem, Ges, Ber. iii. 116), supposes 
that the carbon-atoms in this nucleus do not form a closed chain, and that in tho 
oxidation of camplior it is not tho lateral chains which are attacked (as in that case 
hydrogen would bo removed) ; but that tho oxidation appears to be wholly confined to 
two of tho six carbon-atoms of tho nucleus. Moreover, he considers that tlio carbon- 
atoms which yield carboxyl by oxidation, cannot bo attached to the same carbon-atom 
of the camphor-molecule, as in that case the cam]plior could not be converted by 
dehydration into a homologue of benzene. On this view then, there remain onlythreo 
foriinilm by which the constitution of camphor may be expressed : 


COH 

A»h« 


III 

CH 


-G(OH) 

-Hh 





The nucleus (which includes the 4 carbon-atoms present as lateral chains) is 

iQ these formula) quadrivalent ; in camphoric acid, on the other hand, it is bivalent, 
*te units of affinity neutralising one another {yid, 

Tho first of these formulae represents camphor as an aldehyde, which is the view 
proposcrl some time ago bvBert^lot; but as Tollens and Fittig have shown that it 
dofls not exhibit any of the properties of an aldehyde (le^ Suppi, 88®) ffimulg 
^«Bt bo reiojctod. Aoeording to the second formula, camphor contains the group OH, 
should therefore exhibit alcoholic characters. It differs, however, fivm the 
•ucohols by its complots indifference to acids ; indeed Berthelot has slm^ that; it may ’ 
>0 separated from bcumeol, which is a decid^ alcohol, by its indiiihrem stearic 
and other acids^ Moreover, it is hot altered in the sughtest dei^a hy prolonged 
’icutitig with acetyl chloride, and when ite alcoholic solution satu^ted withliydi^ 
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chlorido is left for weeks in sealed tubes, hot a trace of ethylated camphor is produced, 
I'rom theso results it may bo inferred that camphor does not contain the group 0H[ 
and therefore that it cannot bo represented by the s^nd of tho above formule. 

^CH 

Tliere remains then only the third formula 0<^ as thd representative of its 


\« 


constitution. Tho constitution of tho nucleus C“H‘^ may bo inferred from that of 
cymeno, which, according to the cxporiinonts of Pittig, Kobreich and Jilke, has tlic 
constitution of methyl-prop^-l- (or isopropyl-) benzene (Is^ Supply 302). Tliis hydros 
carbon, together with cninphor and camphoric acid, may accordingly be represented Ly 
the following formnlre : 

COOH 

, cicH» 

udn 

iidn 

— (!c>ic 
I 

coon 

Camphoric acid. 

Borncol and campholic acid may be represented by tho following formulse; 

CH(OII) COOH 

II II 

C-H» 



CH» 

Borneo!. 


C'H'* 

OH* 

Campholic acid. 


Hlasiwetz {ihid, »539) agrees with Meyer as to tho position of the oxygen-atom i 
camphor, but represents tho group in a different manner, thus : 

11*0 CH-* 


H*0- 


IPC" 


cm 


II* c 




.cm 



CH- 


H“0 CH- 

Group 

i-k 4,1 1 VBLUipUUr, 

I 1 “ Ch. Pham. cUix. 185) reeards aa a 

.r ' 4 .-^“^ ketonic character is inferred from its convoreioii into borneol 
aicohol,*^ and” by ?te*Mactio^ w'th b similar to that of acetone into isopjopjl 

mRdon\ftC*SrZ*l ""d camphoric acid by the following formidie. tke ite- 

™oa m ino gronp CO into COOH and of the piopyl groan 0*H» into C*H*OOOH) 
^ OH. 

ITOf^ >CC*B. jpp 


H^ 



OH- 

CMuphor. 


« a®®* 

Cunphoflo add. 
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WroJen {Ik^U Chm, Ges, Bar, ▼. 1106) flnda tliat tlio hydrocarbon C*II“ obtainod 
from camphoric cicid is’ converted by fuming nitric acid into trinitro-isoxylono : 
whouco it would appear that camphoric acid is t e t r a h y d ro-i s o x y 1 o ii c-b i c a r b o n ic 
acid: 



CH* CH" 

Tebrahytlro-isoxyleno. Camphoric ncld. 


Borncol is related to camphor in tlio samoj manner as isopropyl alcohol to acetone ; 
anil ciimpliolic acid may bo represented as the mono-carbonic acid of a propyl-hoxylcne. 


CH* 



Oil" 

Borneo]. 


CIT“ 



CTI" 

Cftiiipliolic acid. 


CAMPBO&XC ACn, C^^U^O' » C*H** {qqqjJ* Wrodon {Ann, Cfi, Pharm, 

( Ixiii. 323) prepares this aeid by dissolving 160 grams of camphor in 2 litres of nitric 
acid, sp. gp. 1*27 (2 vols. of the strong commercial acid to 1 vol. of water) and heats 
tlio solution for 60 hours in a largo flask standing in a water-bath and having cemented 
to its mouth u long condensing tube, bent at right angles and leading into the chimney. 
Ciimphor thus treated yields more than half its weight of puriflod camphoric acid. 
Camphoric acid molts at 174°-176®, not 60® and 70®, as commonly stated (V. Moyer, 
J)cut. (Jiuim. Ges. Her. iii. 116). 

Camphoric acid heated with hydriodie aoid (sp. gr. I'T! to 200® for not more than 
ciglit iiours—the gases formed (CO and CO*) being allowed tp escape from time to time 
—yields a heavy iodised oil of variable boiling point, from which, by distillation over 
quicklime and subsequent treatment with sodium, the hydrocarbon C"H*‘ is obtained, 
TJio decomposition is represented by the equation : 

- C*H>« + H*0 -I- CO + CO«. 

Ily further heating the iodised oil (C"H*MII?) with hydriodie acid to 200® for nine 
hours, the hydrocarlion C*H** is produced (Wredoii, Zeitschr, f. VJicni. [2j vii. 120), ^ 
Camphoric acid distilled with excess of limCt splits up into water and camphoric 
anhydride C**1I**0*, which at a higher temperature is further decomposed by the 
lime yielding phorone : 

C*®H»0» » CO* + C»E»*0, 

Cupric camphorate when strongly heated gives off carbon dioxide and the hydrocarbon 
C-H'S ns flrst observed by Moitissier (Jahresh, 1866, 428) : 

C«H”CuO< « Ctt + 2CO* + C"n>* 

(V. Moyer, Ctoi. iii. 498)« 

Meso^amptaorlo Milda Camphoric odd lias hitherto been known in four iso- 
moric inodillcations : vis. doxtro-camphoric acid (the ordinary acid) ; Imvo-camphoric 
ucid, an optically inactive add (para-camphoric add) obtained by mixing equivalent 
quantities of these two active amds; and an insolunle modification, also opUeally - 
iuiictive, which is formed by decomposing para-camphoric other with boiling potash-loy 

. ^ now inactive modification — ^meso-camphoric add-^relatod to dextio-camphoric ccid 
111 the same manner as meso-tartario acid to dextro-tartaric add-— is fbx^d by Uio 
^•^gulntod action of concentrated hydriodie or hydrochloi'ic acid on the ordi oaiy dextro- 
•icKl, e.g. when this acid is heated to 140® in portions of 6 grama each with 30 o^. ^ 
fuming hydxoehlonc add ^at 200® the Vdxoctfbc^C’H*^ is obtainMl)^ 
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Meso-camplioric ncid cryfitallises firom ’water in felted needles or nodules. It 
crystallises unaltered from solution in strong sulphuric acid, ’whereas ordinary cam- 
phoric acid is converted thereby into the anhydride. By prolonged action of sulpliutict 
acid a sulpho-acid is formed exhibiting all the properties of Walter’s sulpho-camphorio 
acid. 

Moso-cnmphoric acid when hentod yields a sublimate of camphoric anhydride. Its 
ammonium salt forms an amorphous ti’ans^mront mass, the calcium salt has been ob- 
tained only in pellicles. 

When meso-caniphoric acid is repeatedly crystallised from w-ater, or, bettor, from 
dilute alcohol, or when its aqueous solution is boiled for a fortnight with hydrochloric 
acid, it is converted into a now modification, having all the properties of common 
camphoric acid, with the exception of being inactive. By treating it with an excess 
of coiicentpntod hydriodic acid, the hydrocarbons C"H“, CII'* are formed 

(Wreden, Zeitschr.f. Chun. [2] vii. 419). 


Snhstitution-;prodiicta of Cam^phoric Anhydride 

Sromo-oaxnpliorio Anliydildef C*®II'®BrO®. — When 1 mol. bromine is heated 
with 1 mol. camphoric acid in presence of water to 170° and the mixture is loft to cool, 
long prismatic cryshiLs, probably having the composition C>®H*®O^Br*, are obtained] 
which when exposed to tlie air are slowly resolved into bromine and ’ c.amphoric .acid! 
In iho absence of water the reaction takes a different coiir.se, broinocamphoric anhy- 
dride being formed : ^ 

(jioj£i«oi + Br= * C«H>*BrO» + HBr + IPO. 


To prepare this body, a mixture of 12 grams camphoric anhydride and 18 grams dry 
bromine is heated in a sealexl tube for about three hours .at 130°— 140°. The contents 
of the tube are then wa.shed out with ether, and iho wliito powder so obtained is re- 
ci 78 tiillised from chloroform. It is less soluble in other than camphoric anhydride ; 
crystallises from strong boiling alcohol in small needles, but with partial decomposi! 
tion.^ It dissolves undecomposed in 60 per cent, spirit at a temperature of 60®, and is 
readily soluble in chloroform, from which it may be obtained in transparent prismatic 
crysUls. It blackens when heated to 100®, and is not atUickod by phosphorus ponta- 
chlorido under the ordinary atmospheric pressure. It does not exhibit the usual 
behaviour with water characteristic of anhydrides ; for on treatment 'vi'ith water or 
alcohol, the bromino becomes replaced by the OH or OC*H» group. More highly 
prochicts of camphoric anhydride have not been obtained (Wreden, Ani 
Ch.rharm, clxiii. 3.30 ; Zeiischr.f Chem. [2] rii. 97). 

Ozyoampliorto AnhydrldOp = C'»H*»(0H)0» (also called Camphmie 

acia) IS prepared by heating broinocamphoric anhydride with water in a flask con- 
nected with an inverted condenser. If the bromanhydrido contain.? camphoric anhy- 
■ *? .u. I P j contain c.amphoric acid. To remove this, it is converted 

nito the load salt, whereupon insoluble lead eimphorato is formed, which may be 
hltered and the oxyacid then set free by sulphuric acid (Wreden). It is also pro- 
duced by the action of bromine and water on canipholic acid (Kuchlor, ibid, 264): 

+ 2IPO + Br» « 8HBr + 


Oxycamphoric anhydride melts at 201®, .and if heated for some time at 200® 
to decompewe ; it is soluble in ether and alcohol, also in water, but in this case it first 
T> 11 - separates as an oil on cooling from a hot saturated aqueous solution. 
It crystellises with one or two molecules of water, but becomes anhydrous on standing 
over sulphuric acid in a v,acuum. -uujfuxuup o 



salt, j _ , 

JSiliS docomp^e woen 

lOO- The prisms which lom their, wstw 

® I <5^ p. produced hy ptussins’ hydrochloric arid gril-feto » 
solution of oiyTOmphom anhydride in ahsoftte slrobol, or by hcaii^tlrit®' 
jnth ^hol to lfiO» in sealed tubes, forms pristadtla iis^ 
whicli mrit at 6S and sublime below 100« ; it dissolves leodilv ^s WM. vsawr, 

o^r^ Ih’s in boiling water, whici fo 

on It. It wsnpdmfliri by heating with potash-solution. ^ 

sbwStSSuM P?^*>'f®'d« converts oxycamphoric anhydride into tha 
chl^nhjrinde ftom which water rogonoiates oxycamphSo anh^ST 
On heatmg the ealcmm salt of oigrcamphoric anh^dos.oB ril ii < 
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After heatine vith sodium in a scaled tube to 100^ boils at 118°— 120^bas the 
imposition and the vapour-density 3-76 (calculated 3*8) : 

« c«n« + 2CO*. 

The saino body is formed by heating oxycamphoric anhycliido with water to 180°, 
carbonic anhydride and carbonic oxide being evolved; probably also by heating the 
anhydride to 150° with strong hydriodic acid (Wreden). 

It will be seen from the results above described that oxycamphoric anhydride 
cxlkibits the characters of an acid, hence the name campMnic acid ; it is the first 
representative of a new class of acids not containing carboxyl (Wreden, he. 

Anliydrlde and aold^ is formed by dis- 
solving bromocamphoric anhy(^d6, in aqueous ammonia at 160°. It 

crystallises in needles, is spai'ingly soluble in boiling water and cold alcohol, but 
dissolves readily in boiling alcolml. When heated it begins to sublime at 150°, and 
melts at 208^. Nitrous acid converts it into oxycamphoric anhydride, C‘“ll‘*(lIO)0®. 
The same compound is formed by boiling it with concentrated alkalis, whilst dilute 
alkalis produce amidocamphoric acid^ C*®H**(NH*)0^ + H®0, which is more soluhlo 
ill alcohol than the anhydride, and crystallises in small shining prisms. It loses its 
water at 85°, and between 85°-160° is changed into the anhydride, which is also 
fornidd hy the action of nitrous, or of concentrated hydrochloric and sulphuric acids. 
The calcium salt Ca(C*®H*‘NH‘‘*0*)- + 2H*0 forms transparent prisma, and dissolves 
readily in water; a normal calcium salt could not bo obtained. The copper salt 
crystallises from water in blue sliining needles ; the cadmiumsali in iridescent pellicles. 

CAMPBOXOiriC ACX9, (Kachlor, Ann. Ch. Pharm. clix. 281), This 

acid is formed, togotlier with camphoric acid, by the action of nitric acid on camphor. 

■ Tlift synipy concentrated mother-liquor from which the camphoric acid has separated 
deposits crystals, after stiinding for somo months, the mass finally becoming semi- 
solid ; and, on subjecting this mass to strong pressure, and reciystallising the solid 
]K)rtion from water,aftor decoloration with animal charcoal, camphoronic acid is obtained 
in miniito pearly crystals, very soluble in water, alcohol and ether, but almost insoluble 
in benzene and carbon sulphide. The aqueous solution has an acid biste and reaction 
nnd decomposes carbonates, forming two classes of salts, in which 2 and 3 atoms of 
liydrogen are replaced by metals. The acid itself, when air-dry, has the com- 
poHitioD C“H”0® or C“H”0*.H=0. It does not give off water at 100°, but when 
lioatcd to 110° it begins to fuse and loses water, giving an anhydrous compound which 
melts at 115°, and distils unaltered at a slightly higher temperature ; botli the dis- 
tilled product and tlie substance melting at 115° have the composition 
Camphoronic acid is not precipitated in the cold by any metallic salt, except load-salts, 
wlkich give a white precipitate. On heating it with solution of cupric acetate, a 
copious light green predpitate is formed, which rodissolvcs completely as the liquid 
cools. 

The bibasica7nfnomum salt gives off both water and ammonia at 100°; dried m 
vacuo it contains C*H'®(NH®)*0* + H'-'O. Tho biba.tic barium and ginc salts aro ob- 
tained by treating the acid with the carbonates of these metals; dried at 170° they 
contain C®H*®BaO® and C"H‘®ZuO® + H*0, tho latter not losing its water oven at 
200 °. 

By boiling a solution of tho acid saturated until ammoni.i with harmm chloride, an 
insoluble sandy ciystallino powder is precipitated which will boar washing with water; 
this is a trihasic salt, and has the composition Ba®(C®H®0®)® + 2H*0, tho water of . 
crystallisation bdng lost at 186° ; tho formation of this sandy procipitato on boiling 
servos as a qualitative test for tho acid, and also as a moans of preparing the puro 
acid from the syrupy mother-liquors in tho first instance, by decomposition of the 
salt with dilute sulphuric acid and exhaustion with ether. 

A trhakio salt Ca*(C®H®0®)* + 4H*0 is obtmned in noodle-shaped crystals by 
satumting the add with calcium carbonate. 

A iricupric salt is formed, as above mentioned, by heating tho solution of camphor- 
omc acid with cupric oxide, and separates as a light green powder, which rodissolves bn 
^ he washed with hot water ; its composition ,is Cu®(0®H®0»)* -h 
11 liquid filtered from this and concentrated, deposits after some time a « 

luisn pmen aalt of darker colour than the preceding, and having, when dried, the . 

composition Cu®(C*H"0>)* + 2H»0. , 

The /cad and silver salts, which aro obtained by precipitation, the latter Aom the 
* mmomum salt, are decomposed by washing ; the silver salt appiMirs to bO tribasic. 

sails saa extremely soluble, and here not been obtained; 

An alcoholic solution of cainphoronio acid saturated 
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depoBita an oil which yields by distillation, hoilinff 

at 302°. ^ 

Tho calcium salt, mixed with quicklime and distilled, gives a thick product, from 
which, by rectification, a clear and perfectly volatile siibstanco G’H'^0, may be 
isolated, formed by the reaction, C"II*-0* = 2CO* + C’H'®0. This formula requires 
avapouT-donsity »3'86; tho numbers found in two determinations were 3*69 and 3 ' 74 , 
Camphoroiiic acid, heated with three times its -weight of caustic potash, is com- 
pletely decomposed ; and by distillation of tho product with dilute sulphuric acid, a 
distillate conbiining buiaric acid is obbiined, tho reaction being, C*H“0* -i- H“ + mn 
« 2G*H'‘0=* + CO;. 

Camphoroiiic acid is a product of the oxidation of camphoric acid, and is always 
formed when tlio latter is boiled with nitric acid till camphoric acid no longer crysfed- 
lisos out on cooling. If the liquid bo then evaporated, an acid syrnp is obtained 
cxhibitingall tho properties of >Schwancrt'scamphretic acid (Ist Svppl. 300). Tho acki 
so called app(’ars, Iiowcvcr, to bo nothing but a mixture of ctimphoronic and cam- 
phoric acids, the former of wliidi may bo separated as a barium salt in tho manner 
above described; and if tho filtrate bo then acidulated with sulphuric acid and agitated 
with etlior, ami tliu ethereal solution evaporated, a syrupy liquid rcsombliiig the so- 
callctl caraphi-ctic iK'id is obtained, which, sometimes merely on standing, but more 
frequently after dilution with water, deposits c^’^tals of camphoric acid. The mother- 
liquors, if again treated with ammonia and barium chloride, yield an additional quan- 
tity of camphoronic acid. ^ 

Oxycam'j[»hoTonic acid is formed when a mixture of 1 mol. air-dried 

camphoronic acid, Cir^OMI-O, and 2 atoms of bromine is heated to 130® fop two 
hoursin scaled tubes: C»JI»0« ^ Br^ « 2HBr + G"H'«0“. On opening the tubes a 
largo quantity of hydrogen bromide escapes, and a syrupy liquid is loft, which dissolves 
almost wholly in water, forming a solution which, after concentration, deposits hydratint 
oxy^mphoronic acid, in largo crystals which give off their water at 

The crystals, which are obtained particularly liirgo and fine by redissolving tlic 
acid in water, decolorising tho solution with animal charcoal, and leaving it to 
evaporate over sulphuric acid, are monoclinic, having their axes a\ h\ c \ ^ 1*4918: 

1 : 0-9807O, and tho knglo ac « 80*50. Obson*cd faces ooPoo.OP. +P<».oeP. 
(qo Poo). — ;] Pod. 

Oxycamphoronic iicid has a pure and pleasant sour taste: it dissolves easily in 
water alcohol, and other. The dehydrated acid begins to molt at 210®, BolidifloBinHio 
ciystallino form on cooling, and may 1)6 distilled without alteration. It is a sUonp 
acid, decomposing carbonates with facility, and forming salts in which 2 or 3 atoms of 
hydrogen arc replaced by metals, Liko camphoronic acid, it is not directly precipitated 
by aiw metallic salts, excepting basic lead acetate. It dons not exhibit the reaction of 
c;impnoron]c acid with cupric acetate, but behaves in a similar planner to that acid, 
n solution saturated with ammonia is heated with barium chloride, oxcopting 

that the prompitatod barium salt is bibasic instead of tribasic, as in the case of cam' 
phoroniciicid. 

H*0 is obtained in small shining cxystals by 
saturating the half of a solution of tho acid with potassium carbonate, then adding tlio 
other hall, and concentrating. Tho nctUral .tali C^H^'K-O", obtained by complete 
vacuum to a gummy very hygroscopic mass. The bariuin 
sau O II BaO , pwparod as aboi'o, forms nacreous lumin®. Tho caicium sait C*H**Ga0* 
dnes up in a vacuum to a fissured mass which may bo triturated to a chalky powder, 

120®, the composition 

sUuL' ^ trimetallic oxyeamphoronato yet obtained^ Th® 

^hito flocks fit is modofstoly 
^ ^‘■<!P>”Pose8 partiaUy during washing and drying. 

fomod from anhydrous camphoronic emid by the astipn 
bromine substitution-compound obtidnabloftom^WX^^»c>^^ 

potash acts on both acids alike ; both are but little attacked Iqr xd***® 
acid, and are unaltered by treatment with sodium-amalgam. 7 


Schwnnert to a prodnet isotteifey^ 
f.® obtained by the action of sulphuric acid u 
(Ij^ 200). AccoKling to Kachlfr. however ^ 

compound, but i mktUM ^ 
hyAi^bon which raises its boiling point to 230®-23fiO fnure nhorone 
Mid telling at 208®). Camphrono prepared according to Seh^neort*s 
by analysis 1 p.c. less mijon than that required by tho 
resolved by fructioual distillation into a portion boiling at^a - 
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Deraturo, and a liquid which boiled at 242®-247°i and contained only 6 9 p.c. o^gon, 
instead of 11 '59 as required by the same formula. By oxidation with chromic acid 
mixture the camphrcne prepared as above yielded acetic and adipic acids— which acids 
nTQ likewise obtained by oxidation of phorone from camphoric acid— together with a 
crystjillino acid having the composition C"1I“0‘ — apparently identical with Schwanert’s 
carnphrenic acid— and exhibiting all the properties of Hofmann’s insolinic acid (v. 725), 
of the I'lcid which Hirzel a. Beilstein obtainckl by oxidation of xylic acid, and therefore 

having the formula C“H*(CH*)| COOH* xylidic acid of FittJg a, Laubinger. 

Hence it appears probable that these several products are one and the same homologue 
of teiTplithalic acid, and that Schwanert’s camphronic acid is produced by oxidation, 
not of phorone, but of the ' hydrocarbon with which the phorone is mixed in the so- 
ciillcd camphrono. 

Scliwanert obtained from his camphrene, by the action of phosphoric anhydride, a 
hydrocarbon C®II'* which boiled at 170°~176°, and was therefore regarded by him as 
only isomeric with cumene, which boils at 150°-160®. As, however, Schwanert’s 
analysis of this hydrocarbon exhibits a deficiency of 1 to 1-5 p.c. in the carbon, it is 
probable that this hydrocarbon still contained a portion of the so-called camphrene, 
wliich would raise its boiling point. 

Schwanert’s cainphrenic anhydride, which sublimed in white feathery crystals when 
camphrenic acid was heated to 250^ was perhaps benzoic acid, which, according to 
Ilnfmaiiii, is produced, together with benzene and carbon dioxide, by distillation of 
insolinic acid. 


CASfBXiS-XnJTSa — These nuts, so called from their property of taking fire and 
lairniiig with a bright flame, like ordinary candles, are the fruit of Aleurites triloba^ 
•l!brAt(l^. Amhimtx^ l^ers. ; A. imluccana^ Willd; Croton moluccantm^ Linn.); a shrub 
belonging to the order Eujthorhiacea, tribe AcaN/tB^ indigenous in the Moluccas and 
in some of the islands of the Pacific. They are also known by the name of Baneoul 
nuls, and in Tahiti by that of Tdili, 

The fniit of Aleurites trilolta is formed of two large fleshy drapes, adhering laterally, 
nnd divided internally into two cells, each of which contains a singlo indehiscont seed 
of the size of a common nut, and is covered, especially in the, furrows, with a thin whitish 
^kill of earthy aspect, beneath which is the husk, of blackish colour, and very hard. 
Tho almond is white, nnd formed of a largo oleaginous albumen, surrounding the 
liomotropous embryo, which is provided with thin membranous cotyledons rather 
narrower than the albumen. 

The seeds are usually sent to Europe deprived of their husks, which are used as fuel. 
Tho imperfect combustion of those husks serves in Tahiti for tho preparation of a kind 
of lampblack, used by tho natives in tattooing. In the same locality tho bark of the 
shrub IS used for the manufacture of various textile fabrics. 

The fresh almonds have a not unpleasant taste, hut are difficult to digest, and exert 
n purgative action even in moderato doses. In tho islands of the Pacific they ore 
eaten only after slight torrcfaction, which renders them innocuous. They are, iow- 
over, chiefly used by tho natives for tho extraction of oil for burning. Tho shelled 
jjjmonds quickly turn rancid, acquiring a yellow-brown colour nnd a disagreeablo taste. 
The flit extracted from them is subject to similar alterations. This fat is used in 
Europe solely for soap-making. The oil-cake forms an excellent manure. 

The average weight of the husks is 6*5 grams ; of tho almonds, 3*3 grams. 


Composition of the Husks, 


Water 


r, — i matter . 

Jttinerttl matter . 


3'71 

8900 

6-39 


Composition of ihs recently shelled 
Almonds. 

Water 5*25 

Fat ^extracted by carbon sul-l ^ 2-97 

Colhdose and otlior organic) ao.^a 
matters . . • . / 

Mineral matter * . « t * 


100*00 

Kitrogen, 3*64 p.qb 


^79 

lOQOO 
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CoTnposiium of tht Ash of ihB^ JSm&nd, 

In 100 parts 
of ash 


Ijimo 

IVIagnesia 

Potash . . . 

Phosphoric iiuhydrido 


18-69 . 
6-01 . 
11*33 . 
29-30 . 


In loo ports 
of the almonds 
In their natural 
state 
. 0-62 
. 0*17 
. 0*31 
. 0-82 


The fatty matter extracted from the almonds by carbon sulphido at ordinary tern- 
peniturcs forms a tninsparcnt, amber-yellow, syrupy liquid. When cooled to -10“ 
it becomes viscous, but neitlier loses its transparency nor changes colour (Nallino, 
Guzeetta chimica italianat li. 2d7). 

CAOUTCBOirc* The sulphur in vuVuinisod caoutchouc is easily oxidised by 
ozone. A. M. Wright {SW. Am. J [3] iv. 29) observed that the ebonite insulators 
belonging to Holtz’s electrical machine, and the ebonite jackets of some induction-coils, 
became unusually hygroscopic soon after the instruments had boon used for the pro- 
duction of ozone, to such an extent, indeed, that the accumulated liquid was somotimoH 
so abundant as to trickle down in drops. An examination of this liquid showed that 
it contained a considerable amount of freo sulphuric acid, the presence of which was 
attributed to the action of the ozone upon the sulphur of the vulcanised caoutehouc. 
Experiments were made which confirmed tills supposition. Air, strongly ozonised, 
was passed through a vulcanised rubber tube, and then bubbled through water. In 
a short time the water acquired the odour of sulphurous acid, and ultimately gave a 
white precipitcate with barium chloride. 

In a similar manner a thin dry slip of ebonite placed in a small bottle into which' 
ozone was driven became in a short time bedewed witli moisture having an acid ro- 
siction, and exhibiting the same properties as that formed on the insulators of the 
machine. An attempt to oxidise free sulphur by means of ozone was unsuccessful. 


The caoutchouc of Borneo yields a saccharino substance called borne site, having; 
the composition CTI**0* (p. 20C). 


OAVnb&AUTT. Constants of Capillarity (Q. Quincko, Pogg. Ann, cxxxir. 
356; cxxxT. 621 ; cxxxviii. 141 ; cxxxix. 1). The great tenacity exhibited by fused 
substances, like glass or cemont, whidi, while in the fused state, have been able to 
fonu a suifuce of equilibrium, leads to Uio idea that tlie phenomena of capillarity ato 
developed not only in liquids, but likewise in solid bodies, the smallost particles of these 
bodies being indeed not absolutely ftxcd, but susceptible of a certain amount of displace- 
ment Many plionomena may, according to Quincke, bo explained on the assumption of 
a tension existing on the suifaco of solid bodies, whether this surface is free, that is, 
bounded by tlio air, or the surface of separation between the body in quostioii and 
another body, solid or liquid. If tho free surface of a body is the same as that of a 
liquid acted upon by tho Siimo external forces, this free surface must possess a certain 
degree of tenacity measured by the tension exerted on a linear unit of the surface. Tho 
tenacity of round metallic wires may therefore bo expressed by two members, the fint 
of which is proportional to tho transverse section, tho second to the periphery of 
wire. 

Tho law for the tenacity of metallic wires lias also been deduced em|nricaUy 
numerous^ experiments by Karmarsch .{Bingl, pdlyt, J, cliv. 45), who lepsei^te^^® 
tenacity (in half-kilogiams) by tho formula. 


T = a D* + 5 D ; 

whore B is tlio diameter of the wire in millimeters, and a 5 are constahtK 
Quincke replaces this equation by the following : • 

^ » a . 2«r -I- j8 . irr® 

where ^is the tenacity in grams, r the radius of the wire in milllmotow, ai^ IV ft 
constants related to. a and 5 08 follows : 


= - 600; 
If 


/8 


500 


The(]|nantity a„ called the constant or coclftcient of capillarity 
in grams of the tension exerted on 1 mm. of tho surikeefperipht^y 
in other words, it is the messure of the surface-tension of th^wlni* ’ 

In liquids the same constant is the weight of the liquid Goln^ raii^ I 
in a tube' of ^ren diameter. 

The fallowing T^ble contains the results deduced 
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Capillanty’COiistantSt a of Solid Metals. 



Hai'd-drawii 

Anncnlod 

Iron 

grams 

.5731 

gi'iims 

1592 

Platinum 

3025 

2388 

Copper . . . ■ . 

Silver 

2388 

0 

2388 

478 

Gold 

1502 

478 

Zinc 

657 1 

— 

Steel 

‘V' 6685 

055 

Nickcl-tiilver .... 

6685 

1114 

Silver 

5253 ! 

! 2547 

Gold (14 carats) .... 

3661 

2228 

lira SB (wire) .... 

2547 

j 17.51 

{ „ (thmuls) . 

1751 

j 087 


TIio order of the metals in this tuhlo is the samo ns that which they assume when 
arranged witli rrgnitl to their hardness, as ilctemiined by the experiments of Calvert 
a. Johnson {PhU. Mag. [-4] xvii. 114). 

„ Capillar Ui/' Constants of Fused Jiodirs . — To determine these consUntS, the noble 
metals, in the form of thin vertical wires, and glass in the form of threads, were 
moltod in a damo of the lowest possible teniperature, till tho drop hanging to the end 
fi ll down. Neglecting tho small w’oight of the fused mass remaining attached to tlio 
rliiii wire or thread, tlio weight W of the fallen drop is tho greatest weight that the 
fusoii vertical mass is capable of sustaining. Tho constant of capillarity a of tho 
f\iscd metal is therefore determined by the relation, 

W « a.2irj' 

Ti'luivc 2r is tho diameter of tho wire in millimotors. 

base metals and other bodies, as zinc, tin and scdenium, were fused in glass tubes, 
the fuimel-sJiapod extremities of which were inserted into narrow vertical tubes. For 
uusily uxidable bodies, such as phosphonis, cadmium, lead, antimony and bismuth, tliu 
drops were formed (by moans of a peculiar apparatus) in an atmosphere of carbonic 
iiuhydride. Sodium and potassium wore made to drop into rock-oil ; the number 
obtained for potassium is howovor regarded as uncertain. 

Tho capillarity-coustanls of gold, cast iron, silver and copper wore determined by 
Jinotlicr method, which will bo <lt'scribed hercaftor. 

Tho capillarity-constants of salts were estimated by fusing beads of them on a 
horizontal platinum wire of known diameter, and adding or removing portions of the 
palt by means of another thin platinum wire, till tho quantity of salt was found 
which would just hang, or just drop, from tho end of tho xnre when placed vertically. 
Ihe falling drops were received on platinum foil and weighed, hygroscopic salts 
between watch-glasses. 

Tho capillary coefficients of water, mcrcuiy and bromine were determined by the 
inore exact method of measuring the heights of these liquids in capillary tubes. That 
w sulphur is calculated from the experiments of Frankenheim (Jakretb. /. Chm, 
18'‘7^6)*^^ of wax from the experiments of lYertheim (Zamminei's Jahresb. f. 

Tlio mean values of the several capillnrity-constants are given in the following table, 
>e sabstances being arranged in tlie order of magnitude of these constants. The 

wluos of o’* Bt ^ and of a are also given, a being the specific gravity of the fused 

Iw V specific cavities <r^ at 0 ® were determined directly, excepting in the case 
■ilm 1 t asteridcs, and thence tho specific gravities for the melting points were 
xa ^ 1 * calculations are, however, iJablo to some uncertainty, for ‘want of 

coefficient of expansion, the melting point, and the expansion or 
^“traction which takes placedn fusiSn 
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Capillarity-Comtanis of Fused Bodies. 


Substance 

point 

^0 

<r 

a 

a- 

a 

% 

Platinum 

0 

2000 

20033 

18-915 

m pr. 
169-01 

sq, nnn. 
17'86 

tnm. 

4^227 

Palladium 

1050 

11-4* 

10-8 

f3C-4 

25-26 

6-026 

Gold 

1200 

18 002 

17-009 

1315 

15-39 

3-923 

Cost iron 

1200 

— 

7-5 

101-7 

27-14 

5-21 

„ (anotlier specimen) 


..... 

7-5 

96-81 

25-81 

.5-08 

Zinc (in CO-) . . . 

260 

7-119 

6-900 

87-68 

26-42 

5-042 

„ (in air) . . . 

:<(io 

7-110 

6-900 

82-79 

24- 

4*899 

Silver 

1000 

10-621 

10-002 

79-75 

15-94 

3-993 

Cadmium (in CO*) . . 

320 

8-627 

8-304 

70-65 

16-84 

4-103 

Tin 

230 

7-267 

7-144 

69-85 

16-75 

4-094 

3-8 

Copper 

1000 

8-05 

8-2 

59-2 

14-44 

Mercury 

-40 

13-596 

— 

58-79 

8-616 

2-941 

Lead (in CO') . . 

330 

11-266 

10-952 

4566 

8-339 

2-887 

Bismuth (in CO*) . . 

265 

9-819 

9-709 

38-9.3 

8019 

2-831 

Potassium (in CO*) ; 

58 

0-865 



37-09 

85-74 

8-768 

Sodium (in CO*) . . 

90 

0-972 


25-75 

52-97 

7‘278 

Antimony (in CO*) . . 

432 

6-620 

6-528 

21-92 

7-635 

2-764 

Borax 

1000 

2-G«f 

2 5 

21-60 

17-28 

4-254 

Microcosmic salt . . 


2-502 

2-45 • 

20-57 

16-79 

4-098 

Glass 

1100 

2-452 

2-380 

18-09 

15-21 

3-899 

Boric anhydride . . . 

1300 

1-83* 

1-75 

10-69 

12-22 

3-405 

Water 

0 

1- 


8-79 

17-58 

4*193 

Selenium 

217 

4-3^ 

4-2 • 

7-180 

3-419 

1-849 

Bromine 1 

-21 

31S7 

325 

6-328 

3-805 

1*973 

Sulphur 1 

111 

2-033 1 

1-966 

4-207 

4-280 

2-068 

Phosphorus (in CO*) . i 

43 

1-986 i 

1-833 

4-194 

4-575 

2-140 

Wax ! 

68 

0-963 ! 

! 

^ i 

3-40 

7061 

2-657 


In another series of experiments (Fogg. Am. cxxxriii. 141) Qnincko has determined 
the capillanty-constjints of salts by a method ■wliicli lio regards as more exact, 
especially in Uie case of compounds which are liable to bo decomposed by contact with 
fljime-gnses. TIio substance, melted in a platinum crucible, was poiirod on a horizontal 
plate of platinum or porcelain, where it usually formed a drop having its up^r surfaco 

horizontal; and it is shown, by a process of 
matliomatical analysis for which we must 
refer to the original paper, tliat the squaw 
of the vertical distance between this upper 
surface aud the vertical clement of the meri- 
dional curve of the drop (K jfc, in fig. 7) is 
Fig. 7. llio constant a- in the preceding 

«. , - table (called tho specific coJtesim rf the 

liquid), which, w^n multiplied into half the specific gravity, gives the capillarity-Con- 

of ^e“l^:^ZSh ftTdSp io^ltpgother independontof thi ^ 

I”'"*" (lotnrminod by the Ion rf fe^t 

rfl i “■ Hubstance ; these Setenrfml^ 

‘ V 'fero n'ove tlio melting point, tlndaf #o «» 

?h* «*• ordinary temporatMes by Other oWwrW* 

ane rumbers tor cwtain sugars and fats ore also ^ven. ^ : 




W!Mi^ 


Substance 

Mcltinif 

point 


V 

a 

«■ 

a 

Lithium Carbonate . . 


2*111 

1*787 


sq. mm. 
17*39 

mm. 

4-17 

Sodium Carbonate . . 

-T- 

2-600 

2*041 

16-58 


4-03 

Potiissium Carbonate . 

— 

2*267 


14-82 

14-82 

3-85 

Sodium Sulphate . . 

— 



18-56 

17*64 

4-20 

Pot;i.s.‘<ium Sulphate. . 

— 



16*73 

15*92 

3-99 

Sodium Nitrate . , . 

— 

2*260 

1*878 


8*55 

2*92 

Potassium Nitrate . . 

— 

2*087 


7-11 

8-35 

2*89 

Lithium Chloride . . 


1*908 

1*516 

6*46 

8*53 

2-92 

Sodium Cliloride . . 



1*612 

6*78 

8*41 

2*90 

I’otassium Chloride. . 

— 

1-995 

1*612 

706 


2-96 

(.'alciiim Clilorido . . 

— 

2*205 

2*1 20 

10-07 

9-49 

3*08 

Strontium Chloride . . 


2-960 

2-77() 

11-33 

8*18 

2*86 

Parium Chloride . . 

— 

3-8ul 


16*34 

8-29 

2*88 

Silver Chloride 



6-880 

5-300 

21*68 

8-18 

2-80 

Sodium Bromide . . 

— 


2*448 

5*00 

4-08 

2*02 

Potassium Bromide 

— 

2*415 

2*199 

4*93 

4-19 

2-12 

Silver Bromide . . 

— 

6*425 

6*200 

12-40 

4-00 

2-00 

Potassium Iodide . . 


3-076 

2-197 

6-04 

4*84 

2*20 

Cauo Sugar .... 

ICO 

1-606 

1-600 

6-82 

8-53 

1 2*92 

Grape Sugar .... 

— • 

1*390 

1*300 

5-85 

9*00 

3-00 

Pectin Sugar .... 


? 

— 

— 

9-18 

3*00 

Spermaceti .... 

44 

— 

0-842 

3*32 

9*89 

2*81 

1 Paraffin 

6. 

— 

0-776 

3-16 

8-14 

2*85 


The most important result doduciblo from this and tho precoding' tiiblc is that the 
v.'iluos of tho constants for metals and other substances may bo arranged in groups 
of iioni'ly equal magnitude, tlio numbers in which aro entire multiples of 4*3. Henco 
it follows that when different substances in tlio melted state, and nt temperatures a 
lit tin above their respective molting points, are dropped from tubes of tho same diameter, 
the volumes of tho drops arc to one another ns the numbers 1, 2, 3, &c.; or moregener- 
nlly, that tho specific cohesions of all fused bodies at tomporuturcs near their melting 
points aro to one another nearly as the numbers 1, 2, 3, &c. 

Tho second table shows that fused bodies of similar chemical composition have, at 
temperatures near their melting points, nearly the same specific cohesion Water, 

. carbonates and sulphates (probably also phosphates), in tho fused state have a specific 
1 cohesion twice as groat as that of mercury ; nitrates, chlorides, sugars and fats, the 
= Kamo; bromides and iodides half as great specific cohesion as morcu^. Among tlie 
metals, load, bismuth, and antimony have tho same specific cohesion as mercury;^ 
platinum, gold, silver, cadmium, tin and copper, twice as great; zinC, iron, palladium, 
tlirco limes as great ; sodium six times as groat a specific cohesion as mercury. Firom 
f'^periments with borax in the oxidising blowpipe>flame, according to the first method, 
Quincke believes also that this body should idso be included ill the mercury group. 

CapiUarit^ of Sdine Solutions , — Buliginsky cxxxiv. 440) has determined 

ihe rapillanty-constants of saline solutions at difierent degrees of concentration, by 
tho height to which the several solutions aro raised in capillary tubes at 
uiffoToiit temperatures. Por the description of the apparatus used and the method of 
observing, wo must refer to the orimnal memoir. In the case of potassium nitrate 
obHcTTafeions on solutions of four di&rent strengths were mode in tiireo groups : the 
nrst at temperatures varying from 9® to 12® ; tao second from 16® to 18® ; the thlM 
Item 22*6® to 24*6®. By compuason of these observations, the difibrences of height in 
the columns corresponding to degree of temperature were determined, and by means 
these differences the observed heights of 'the columns were reduced to the standard 
fimperaturo of 16®. The mean of all the hdghts for each solutioii: (fof which ;the 
nservftfi eights reduced as above deviated but little) was then oakulated proportion- 
capillary height of irator er lOO; and oy mulUrtylng the^valu^ thi^i 
into the corresponding donsitiei of the solutions, and thw ^ 

water 96 100, tl^e cajillarity-constonto detoiMni]^ 


%to the 

uoterininod 

pwdnetoto 
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CapiUarity-Consiants of Saline Solid wn. 



Fotaasinni 
Nitrate in 100 
parts by weight 
of Holutiou 

Density at 
referred to 
w-ntcr at 4® 

Mean Capillary 
Height 

Capillarity- 

Constant 

Distilled water 

— — 

0*99918 

100-00 

100*00 

Solution I. . 

4*630 

1-0270 

98*00 

100*73 

Solution II. 

7*572 

1*0465 

96*69 

101*27 

Solution III. 

10*405 

1-0657 

9533 

101*68 

Solution IV. 

13*218 

lt)862 

93*98 

102*17 


If G denote the capillarity-constant of a solution, A that of distilled water ; g tho 
weight of the salt in 1 gram of the solution that of water in 1 gram of the solution; 
and k a coefficient to bo determined fi’om tho observations, the connection between the 
observed capillarity-constants appears to be expressed with sufficient approximation 
by the formula : 

G = A (p + k.) 

Thus for k = 1*1628, we liave tho following values : 

calculated: 10000 100*75 101*23 101*69 103*15 

observed: 100 00 100*73 100-27 101*68 102*17 


Experiments with aqueous solutions of ammonium chloride of four different strength*!, 
made at temperatures varying from 15*9° to 16 -6° gave results, from -which, by calcu- 
lating as above, tho following values were obtained : — 



Ainmoninm 
Chloride in 100 
parts by weight 
of solution 

Denidty at 15® 
referroil to 
water at 4° 

Mean 

Canilliiry 

Ibdght 

Mcfan 

Tcinpora- 

turo 

Capillarity- 

Constant 

Distilled water . 
Solution I. 

Solution IT. 

Solution III. . 
Solution IV. 

0 

6*247 

13*645 

2()'440 

25*242 

0*99918 

1*0156 

1*0406 

1*0587 

1*0721 

100 00 
100*41 
100*97 
101*86 
102'57 

160 

16*3 

16*2 

16*6 

16*0 

100*00 

102-06 

105*16 

107*93 

110*06 


It is romnrkjible that the heights of the columns for solutions of Bal-ammoniac ak 
greater than those for water, whereas compirativo experiments with solutions of 
sugar, sodium chloride, ammonium iodide, potzissium chloride, calcium chloride, 
magnesium chloride, and ammonia always g;ivo heights smaller than for water. 

Calculating the capillarity-constants of tho preceding sal-ammoniac solutions ac* 
cording to the formula G *= A (p -t- j Xr) and making k ■» 1*3895, wo find ' 

calculated: 100*00 102*01 105*31 107*96 109*83 

observed: 100*00 102*06 105*16 107*93 110*06 

> Tho relations between tlio capillarity and density of salino solutions have also been 
examined by C. A. Valson {Compt. rend, Ixxiv. 103), whose method consists in 
determining tho densities and tho capillary heights in tubes of ^ mm. diameter of a 
series of solutions containing equivalent quantities (in grams) of the salts in a ^ 
water: tlieso he calls normal solutions: — 

Tho results are given in the following Table, in whicli E denotes the 
the several metals ; Htho capillary hciglits of tlie several solutions, at the 
of Id**; D tho density of tbo normal solutions at tho same tomperatuie ; P H the 
products of tho cfipilloiy heights into tho densities, tliat is to say the 
tents: 

Tho product of the height and density is very nearly constant, and, with 
exceptions, lies between tho numbers 61*5 and 62*0. It follows therefore t]N 
weight of a normal salino soliition raised in a capillary tube of given diamstST 
bo regarded as constant ; for a tube of J mm. diameter, this weight is 
grams. 

The numbers in the following table are also connected by tho relati<m . : 

H « 118*6-- 66*8 D. " " 

which shows that in passing from one normal solution to another, W 
of capillary height is proportional to the diminution of Uie density. - v ^ j 

Jn a previous series of oxporiments (Compt. rend. Ixy. 1040 ) 






Re/a/ toil f! ftciiceen C(tpi//ari/y and Density fti 



. . V ilOS 
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espocially the increase or decrease produced in the height of tho capillary column of a 
uormfll solution by a change in one or both of the radicles contained in it^ and con- 
cluded that ihe capillary action of each metallic and each chlorous radiclo is constant 
and independent of that witli wliich it is associated ; and consequently that when botli 
radicles clmuge together, tlio change in the height of tho capillary column is equal U) 
the sum of the cliangcs Avhich woiilil bo produced by a change in each radichj sepa- 
rately. Tho change in tJio lieight of tho column of a standard solution (ammonium 
chloritlo) produced by tho substitution of any other r.idiclo for tho bajylous ov 
chlorous element of that solution, is called tho ca p i 1 1 a r y ni o d u I ii s of the cori*c8pond- 
ing radicle. The following table contains the moduli of a number of radicles— for ii 
tube 5 millimeters in diameter, and for a tomperntiiro of ld°. 

Moduli of Capilhmhi. 


Metallic Ilailiclo 

1 Modulus 

Chlorous Itadicic 

1 “ 
Moduliw i 

( 


j mm* 



Ammonium, ^'1P . 

1 00 

Chloridc8‘(Cl). 

0-0 

Lithium 

005 

Carbonati's (CO®) . 

0v> 

Sodium 

! 1-^ 

Nitrates (NO®) 

1-0 

3Iagiicsium . 

1 1-4 

Bicarbonates (C-0®) 

M 

Calcium 

i 

Sulphates (SO^) 

1-2 

Potassium 

1*5 

Sulphites (SO®) 

1-3 

Manganese 

! 2-5 

Thiosulphates (S®0®) 

1-4 

Iron .... 

; 2-5 

Bromides (Br) 

2*1 

Zinc .... 

2-7 

Iodides (I) • 

3*9 

Copper .... 

2-9 



Strontiniii 

2-9 



liariiim .... 

3-9 



Cadmium 

I 4-3 



1 Silver . ... 

5*5 



1 Load 

5*9 



1 Thallium . 

1 7-9 


^ J 


XV, wi tins uloie, ulo capijiaiy noigjit ot the normal solution of anvsalt. 

banum nitrate for example, lu a tube of tho diameter abQya,.aiontiouod, fjE«m the 
know height, (60'9 mm ) of that of a normal solution of amhionlam chlorido!Wl»i»t 
KiibbUnct ironi^B height tho number 4-9, that is to say, tho snm of the moduli of ths- 
two radicles of barium nitrate tho rosiilt being 5-6 ; direct observation gives 6-9. 

the chlorides of lithium and ammonium aro tho only salts in the aboTO table whose 
cnpilinry height is greater than that of water. 

<>ipinarUp{Q,maitki,,Pogg. 

402). The phenomena of eaiiillarity aro nsnally ascribed to mol(Sar forces actio* 

bb^vorr^r^^^w^r'’ ^•>0 oxperiments of sev J 

ISol. 2 ; ^52, 2 ; Zamminet's jakre^. f. Phwriki 1857, fc 

toX rarrataM I f h’ of a given liquid va^es accotfio* 

^ Bohd wall on which tho elevation of the liquid is ohstfS 

5w!i, ^ J” O'* the supposition that the greatest diiM 

»» *“ otl'CT worts, tbem-caUed^ 
too ephero of actioa, I, is not immeasurably small. Quincke has eodeavonr^ 
t^ine the magnitude, or rather too lower limit of tho magnitude, rf this n' 

^ ‘’’“J® *'™”8 <* clean hom^neoUs «rS!#| 

It too Idff “^®'^ another substance, the tliicknMs of wh^ ITvf 

At the edge of the wedge, and then gradually increases. Naw nfliAn fKiA ?Siiagfr s 
” brought in contact with a liquid which does not wet it- the Ml 
which tho last element of tho surfiice of the liquid cuts the solid wall will IwM' ^ 
upon the miitual attract ons of the particles of the solid 
h^me constant only where tho thickness of the wedirc-shaned lavni* ta 
that IS ^ say, greater than tho radius of tlie sphere of octiW si^ at SS®-' 
toe u^lyiDg glan jikte will act upon the partSif . 

the angle. Tlie resnlu obUiued by this method nr^ho following ; ^ ■ 

^ ^ ^ Silver, ni«i. 

• a0'(w00483 mnie for Mercury, Silver sulnhidb Gloss 

< 0 000080 mm. far Jlercury, Collodion, Qlase, 
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According to Llicso dotornii notions, the radius of the sphere of action amounts to 60 
millioutJis of a inillimoter, which is about the tenth of tho breadth of a medium light- 
wave, or more. Quincke is further of opinion that other molecular forces, as those 
which dotorniino olastioity and tho optical properties of bodies, ore likewise effective 
at finite distances : a view which, if established, would considerably modify the pre- 
vailing tlioorotical views respecting these forces. 

Surface-tension of Liquids^ and Spreading of one Liquid on the Surface of another, 
^Tho following propositions relating to tho surface-tension of liquids have boon 
(lodiicod by Plateau (JPogg. Ann. cxli. 44), firoin a comparison of tho results obtained 
by diiferunt observers : 1. Tension exists over the whole surface of a liquid, and 
tl'iHreforo in every liquid film. 2. This tension is independent of tho curvature of the 
horface or film ; it is of the samo magnitude throughout tho surfiice or film, and tho 
Einnio nt each point, in all tangential directions. 3. It is independent of the thickness 
of ihe film, so long nt least as this thickness is not loss than twice tho radius of 
Tiiolociilar nttnictioii. 4. It varies according to tho nature of tho liquid. 5. In tho 
same liquid it varies in inverse direction to the temperature; at ordinary temperatures 
lipwov('p, tlie variation is but small. 

*Tlio following proposition is regarded by Plateau as established by his own experi- 
ments. Tho Biiporfioial layer of a liquid possi sses a peculiar viscidity independent of 
tljiit of the interior of tho mass : in certain liquids, as water, and especially in solution 
of saponin, this superficial tension is much stronger than the internal ; in others, on 
tins contr.ary, as turpentine, oil, and alcohol, it is w'caker and often mucii weaker than 
tlio iutoriiiil viscidity. In the formation and persistence of largo films thepartiDlayed 
by cohc.sioii is as secondary as that of the internal viscidity. 

On tho Surface-tension of Liquids and the Formation of Drops, see also Dudaux 
(Ann. Ch. Vhys. [4] xxi. 378 ; Compt. rt%id. Ixx. 933 ; Jahresb. 1870, 31). 

* Oil Capillary Action in the Evolution of Onses, see J. C. d’ Almeida (Compt. rend, 
Ixviii. 533 ; Jahresb. 1869, 37). 


H. Ludtgo (Pogg. Ann. cxxxix. 620) has endeavoured to determine by experiment 
tho limit up to wliich it is allowable to regard the tension of liquid films as indepen- 
dent of their thickness, and secondly in w'liat manner beyond this limit, the tension is 
jiffoctod by the thickness of tlie film. Ho infers : 1. That a liquid film, immediately 
nftcr its formation, has a thickness loss than twice tho radius of the sphere of action 
of the molecular forces a millimeter, according to Quincke), and con- 

sequently that tho tension of a film is not constant, but a function of the thickness. 
2. That tho tension of a. film increases as its thickness decreases. This second pro- 
position is at variation iritli the rosults obtained by Monsbrugghe (Pogg. Ann. cxli. 
GOB), who found that films of various thickness exhibited equal tensions, and that in 
thn Rarae film tho greatest tension did not occur at the thinnest parts. 

Ludtgo (Pogg. Ann. cxxxvii. 362) has also made experiments on the spreading 
of one liquid on the surface of another, from which tho following conclusions a^ 
dedaoed: 1. If a drop of one liquid spreads itself out on the surface of a second, 
tho second never diffuses itself over the surface of the first, 2. If there bo two 
liquids whoso mutual adhesion is greater than the cohesion of the less coherent of tho 
two, a drop of the less coherent liquid will spread itself out on the surface of tho 
other. 3. On the contrary, a drop of the more coherent liquid placed on the surfaco 
of tho loss coherent retains its drop-like form, and becomes covered with a thin layer 
of the other liquid. 4. All liquids which satisfy tho preceding condition as to tho 
of their mutual adhesion may therefore be arran^ inis series, in which each 
hq^d spreads itself out on tlie surface of the following one, never the contrary. 6. This 
Rorios iR the samo os that which is obtained when tho same liquids are arranged 
^rding to their constants of capillarity, beginning witli the smallest, as in the 
follow!^ table:— ' 


ghyl Oxide . 
^hyl Acetate 
Alcohol . 


"uuaone , ^ 

Tmrpontine-oil 
Flttteau’s Soap T 
solution J 
Acetic acid 
Poppy-oil, 


• A 07 

. 2-292 
. 2-496 
. 2-7A 
, 2-78 

. 2-8 
2-884 


■Frankonheim 

Plateau 
BAde 


^oppy-oil .... 8-06 1 rt *1. • 

Cai-bon Sulphide . 8-31 / 

•Potash solution . , — 

6. The spreading tokci^ plAea ; 


Glycerin .... 4 Platoan 
Hitricacid . . . 6-026 V 
Sulphuric acid . . 6-623 1'Frankenhoim 
Hyorool^oric acid . 7 '026/ 

Ammoni a . . , . — 

Cupric Sidpliato . — 

Water , .... 7'68 Erankenhifiles^ 
Solution of Sal-ammoniao 
Solution of Feirio Chloride 
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less misciblo and as tho difforonco of their cohesion is grofitor, ^ 7. The spn^ing of a 
liquid on its own surfaco may bo produced by placing n drop raised to^n higher tempe- 
rature on the surfuco of the same liquid at a lower temporatUM. 8. 'J ho greater the 
cohesion of any liquid, the greater is tho difficulty of hooping its surface clean. See 
also G. van dcr Monsbruggho {Pogg. Auil cxxviii. ; Jaltresb* 18b9, 39). 

Tho following propositions relating to the capillary phenomena^ developed at the 
surface of contact of two liquids are deduced from an elaborate series of exporimonts 
by Quincko {Pogg, Ann. cxxxix. 1-80): — 1. At tlio common surface of two liquids, 1 
and 2, a surface-tension is developed similar to that whicli exists at tho free surface of 
a liquid bounded by tlio air. 2. Tho surface-tension or ctipillarity-constant oi o at tho 
common boundary -surface of two liquitls, multiplied into tho sum of the reciprocals of 
the principal radii of curvature at any point of that surface, gives tho capillaiy 
pressure in the direction of tho normal to the surface at that point. 3. The magnitudo 
of this capillarity-constant ai,a cannot be directly determined from the csipillarity- 
constants a, and Og of tho free surfaces of the two liquids, but must be determined by 
special experiments. It may have all values between 0 and — a^. If ca o, the 
liquids 1 and 2 are miscible in all proportions, and no drops or bubbles of either 
liquid can form within tho mass of tho other. For the rest, ai,, appears to be smaller, 
tho more misciblo the liquids are, and always less than a, — a... 4. If throe capillary 

surfaces meet in the same point, the dihedral angles formed by the intersection of tlio 
throe surfaces are equal to tho throe external angles of a triangle whose sides are 
proportional to the capillarity-constants of tho three surfaces. 5. A liquid 3 spreads 
oiit on tho common surface of two liquids 1 and 2, whenever < a^.i — 02,3. 6. A 

liquid 2 sjireads out on the free surface of a liquid 1, whenever a|,3<a, — Og. 7. If 
liquids which are misciblo in all proportions, so that 01,3 = 0, bo so arranged in a 
scries that eacli successive liquid is capable of spreading on tho surface of that which 
precedes it, the series thus obtained is identical with that on whicli tho liquids .aro^ 
arranged according to the magnitudes of tho capillarity-constants of their Ireo* 


.surhices. 8. If a lenticular drop of .a liquid 2 remains on the free surface of a liquid 
1, without spreading out, thou certainly in most cases, and probably in all, the free 
surface of the liquid I is contaminated with a thin film of a foreign liquid 3. The 
action of this foreign liquid film increases with its thickness up to a certain limit, 
which is o(|ual to twice the radius of tho sphere of action. 9. If a liquid 2 spreads in 
a thin film on a flat drop of a liquid 1 in air, or on a flat air-bubblo in tho interior of 
thoimmo liquid, tho vertical distance K— ^(fig. 7, p. 244) between the horizontal and 
vortical portions of tho capillary surface diminishes. Tho new form of tho flat drops 
or bubbles may bo calculated as soon as cj.g and Og are known. 10. Wliena liquid 3 
spreads out on the surface of a flat drop of a liquid 2 within a liquid 1, all that can bo 
predicted is that the depth ,K~A of the drop will diminish ; tho alteration of form in 
this case cannot always bo determined by calculation. 11. Tho capillarity-constants 
of free liquid surfaces determined on flat drops or bubbles are larger than when 
they are calculated from the heights of tho columns in fresh-drawn capillary tubes. 

^ . The dihedral anglo^ which a liquid makes witli a clean glass surface is but rarely *■ 0., 
12. When two liquids rest one above the other in a capillary tube, tho weight or liquid 
raised abovo tlio general level depends upon tho form of tho free surface of the upper 
liquid V, and that of the^ contnct-surfaco of the upper and lower liquids v and u. 18. 
The weight of liquid raised above tho general level is never determined, as stated by 
Poisson, by tho lower liquid alone ; but in many casos when the two liquids are 
miscible in all proportions, it is determined by tho upper liquid alone. 14, The 
hmghb of tho liquid v and u may he calculated from the values of tho constants 
iEpiu measured as flat drops or bubbles when tilie dihedral angle made by the jroa 
surface and that of tho contact-surface of the two liquids with the wall of the tui^ 
kno^ ; this angle is only in a few cases equal to 0° or 180®. 16. Observation! QQ. t!ie 
heights of liquid columns in capillaiy tubes, or on flat drops of a liquid, or 
lalu^ from vertical tubes into the air, are apt to give too small a value 
capillanty-constant, inasmuch as foreign bodies difiused through the air in the 
vapowB condeii^ on tho curved capillary surface, and the resulting fllm of Ikpw V 
spread emt on that surface diminishes the superficial tension of the free surfiace. 
soum of e™r isgroater at ordinary than at nigh temperatures, greater also in li^'^: 
with largo than in those with small capillarity-constants, and explains the tOQ.ilHEMl ■ 
yuues of ^e capillanty-constants of certmn liquids, as mercury and water foiipd-St 
observers.^ 16. This coudensation of vapours on the surface of 
Hpuhs the varying forms of lenticular water-drops on mercury and the 


nno^Tw^lso beenstudied by DuBois-Eeymond (Pogg, Ann. 

the flfoe fluiw of a liquid ^lis covered with a thin layer of another liqmd 
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jiiay either be totally different from the former, or a mixtui-e of another substance \vitli 
tho^ liquid A, as when the vapours of certain liquids fall on tlie surface of certain 
others, or thirdly, a warmer film of the liquid A, brisk movcinents are often observed 
on the Biiifaco and in the interior of A, indicating tliat the superficial layer is striving, 
from some unknown cause, to extend in all directions the area of surface which it 
covers, and carrying with it centrifugally the covered liquid, wherever the two are in 
contact. The visible effect is, therefore, as if the covering liquid were actuated by a 
repulsive force tending to tear it asunder. The existence of such a force has been 
ailmittod by some observers, wlicroas othops nttribiito the phenomena in question to 
(•npillarity or somo similar force. Du Dois-Keymond rognrds those phenomena as duo 
partly to capillarity, partly to manifestations of hitherto unknown forces, having their 
scut in sufficiently thin films of c^‘ptain liquids. Ho points out tliat tho meridian 
ciir\'o of a drop floating in equilibrium can have no point of contrniy flexure either at 
ils free or at its lower surface. Tho horizontal dianietor .of .a drop of given small 
mass must therefore bo greater as tlie anglo at u'hich its upper and lower surfaces 
meet is smaller. If tliis angle vanishes, the diameter of tho drop becomes infinitely 
great, that is to say, tho drop spreads itself out. He regards as vague and unsatis- 
lactory tho tension hypothesis, according to which tho surface of a liquid is compared 
with <a moiubraiio tending to contract with a certain force depending on tho nature of 
tJie liquid; and refers to tho stationary diffusion of alcohol upon oil, obsoi-ved 
(iinnilfaueously by himself and by Plateau, in which, notwithstanding the uniforni 
centrifugal flow of the alcoliol, the entire surface assumes a fixed form. Finally, he 
ivgnrds tho existeiico of a repulsivo force in thin films of certain liquids as ostablisliod 
witli a degree of probability equal to that which is attainable in tho case of physical 
forces in goneral. 


. CAPaxC or MUTIC ACZB, C»«H=®02 = C»H'».COOH (F. Grimm, Amt, Ch. 
Vharm. clvii. 2G4). This acid has been found, togoMici* W'itli caprylic acid, in tho 
fusel-oil of Hungarian winc.s. Tho liquid, freed by distillation from water, ethyl alcohol 
jiml amyl alcohol, was boiled with strong caustic soda, and tho low*or layer containing 
tlio sodium salts of the fatty acids was treated v/ith dilute sulphuric acid, whereby a 
brown disagreeably smelling oil was separated. Tliis oil was dissolved in dilute 
.'luimonia; the liquid freed from au undissolvod fatty substance was prcdpitiitod by 
barium chloride ; and the precipitate w*as collected on a linen cloth and pressed botwoon 
iiJter paper. To remove tho fatty substjinco which still adhered to it, tho barium salt ^vas 
(Icconiposod by hydrochloric acid, and tho fatty acids wore saponified with a dilute sohi- 
tiua of sodium carbonate. After repenting this operation twice, a mixture of fatty acids 
wns obtained, wliicli solidified at + 20°, On distillation, it began to boil at 226°, tho 
tdmporaturo rising gradually to 280°, when a thick brown i*csiduo was left in the rclort. 

A small portion of the distillato was precipitated in fractions by a hot concentrated 
I'liliilieii of caustic baryta. The analysis of tho different fractions showed that tlio 
Jiads consisted chiefly of capric acid with a littlo caprylic and perhaps a small quantity 
«'f cDTiiinthylic ncid. Tho sumo acids w'erc found by Fischer in crude cenanthic other, 
excepting that ho obteiuod nioro caprylic add. 

To obtain pure capric acid, tho mixture of adds was sulnectod to fractional distil- 
I'ltiriji, and tho portion boiling above 260° pressed between nltor-paper, first at a very 
lew, and afterwards at the common temperature. 

Pure capric add melts at 30° to a clear oil, which begins to solidify again at 29'6°, 
find boils with partial decomposition at 268°-270°. 

Methyl capratc, was obtained by snturating a solution of tlio add in 

roethyl alcohol with dry hydrochloric acid gas. It is a colourless liquid, boiling at 
122°~226°, and haying a pleasant fruit-liko smell. Ethyl ca^ate, which has been 
fioparod by Fischer and Howney, boils at 243°, 

Amyl capratet prepared by acting with hydrochloric acid on a 

solution of tho acid in amyl alcohol, is a light colourless liquid, which has only a faint 
smell. The snuiU quantity obtained distilled between 276°-200° with partial docom- 
foKitioi), This ether is contained in large quantity in the Hungarian fusel-oil, which 
contains neither propyl nor butyl alcohol. 

Capric chloride^ C*®H**.OCl, corresponding ^iritii the preceding acid, is best pre- 
pured by the action of phosphorus pentachloride on tho add. It has not howovoy^ 
oeen obtained in the pure state, ns it is decomposed by distillation and by conta^ 
water. It is a heavy liquid, boilipg at a temperature above 200°, and having i ^ 
not pungent odour. 

Tho action of phosphorus pentachloride on tho acid Hkewieti givos rise to j 
luanmy of a white crystalline body, which is not acted upon by boiling 
>ota8h solutioD, and therefore does not appear to consist ^capric anhyw^H^Mife* 



250 


CAPROIC ACID. 


Tko capric acid above described is doubtless identical with that which was obtained 
some years ago by liowuoy fi'om Scotch fuscl-oil. It is probably an iso-acid. 

Another modification, liquid oven at low tcmporatiircs, has been prepared by Borodin 
{Zeitschr, /. Chem. vi. 416), by oxidation of tlio docyl alcohol which he ob- 

tained in 1 804 by the act ion of sodium on valeral (r. 972). This alcohol, heated with 
a dilute mixture of potissium dichroniato and sulphuric acid, is converted into capric 
aldehyde C'“jr"0, and capric acid, which may bo separated by potash-ley, the acid 
iilono dissolving therein ; tlic aldehyde is also converted into the acid by further 
oxidation. 

The cupric acid precipitated from the potash-solution by hydrochloric acid may bo 
freed from admixed lower lioiiologiios by converting into the calcium or cadmium salt,, 
both of winch are crysbilli sable. It boils at 241*5°, becomes syrupy at —20°, but does 
not solidify oven at —37° It has ii faint odour and a disagreeablo rancid taste, is 
insoluble in water, but dissolves rwvdily in alcohol and ether. 

The potassium, sodium, and animonium salts are obtained by neutralisation ; the 
rest by precipitation. The 2 ^oiiissium salt KC*®H*®0- is an amorphous very soluble 
mass, the cunconcratcd aqueous solution of which is decomposed by water, witli 
formation of an acid salt. The sodium salt NaC’®H“'0* is very much like tlio potas- 
sium salt. The silver salt AgO’®II‘*0'- is a white precipitate somowhat soluble in 
hot alcohol, from which it separates in flocks on cooling. The cadmium adt 
CJ(C'"J1'“0-)- is also a white precipitate soluble in alcohol, from which it Bcpapjitc.s 
easily in ncedle-shapecl crystals. The calcium salt Ca(C*“H“'0"y- is a white prccipitito 
sparingly soluble in water and in alcohol, easily in ether, from which it crystallises in 
noodles. stroniiurn salt resembles the calcium salt ; the barium salt is oily or 
waxy and seldom crystallises ; the 'imgnesiu7ii salt is soluble. The zinc, manganese, 
2 >o«, chromium, aluminium, cobalt, nickel, copper, mercury, and lead salts are all in- 
soluble or slightly soluble, glutinous precipitates. 

Borodin regjirda this modification of cupric acid ns an amylated valeric acid 
C^Il’*(CMl'»).COOH. 

CAPROIC ACXD, Qm^‘0\^Normal Caproic acid, (ClPVCH*.COOH, is pre- 
pared l>y heating normal nmyl cyanide (CH*)^CH*.CN with alcoholic potash, and de- 
composing the resulting potassium salt with sulphuric acid. The add then separntoB 
ns an oily layer, which may bo purified by washing and distillation. It is a colourless 
liquid, which does not mix with water, has an odour fainter and somewhat less dis- 
ngreoablo than that of ordinary caproic acid, and a strongly acid taste. It boils at. 
204*5°-205° (bur, at 0*7385 met.); ordinary caproic acid boils at 199*7°. Its specific 
gravity at different tcniperalurcs is as follows : — 

Temperature , . 0° 20° 40° 99*1° 

Specific gravity . . 0-9149 0*9294 0-9172 0*8947 

(Liebcn a. Rossi, Gazzeiia chimica iialUcna, i. 314). 

1 be following table exhibits the composition and solubility of the calcium and 
biirium salts of, this acid,, and of ordinary caproic acid prepared from fermoDtatioii 
amyl alcohol, 1^ converting it into the chloride, this into the cyanide, &c. Tho 
numbers denote the quantities of anhydrous salt dissolved in 100 parts of water nt 
186° 


1 

Normal 

Ordinary 

Calcium Salts 

Barium Salts 

Ca(C®H“02)- + H-0 
2-6676—2*707 parts at 18*6° ; 
a little more in boiling water. 
Ba(C«II»‘0*)» 

8*496 parts at 18-6° ; much 
more soluble in hot water. 

0a((?H"0‘)* + 8H*P 

4-4 ^rte at 18-6® j m4» 
solnblo in hot water. 

BB(C*n"0*)* + 2H!0,.. 
34-65 parte at Iw 

soluble in hot water. 


The normal Ijirinm salt contjiined a little water, pi*obably hygroscopic. 

Normal ethyl caproate, preparecl by 'treating 10 granju 

'ialTo grams alcohol of 99 p.c. and 6 grams of sulphuric 

n a pressure of 736-8 mm., and has a sp. gr. of 0*8898 at 0° a*878l*fef^^ 

0*8o94 at 40.° 

prepared in like manner, toil* at 160-4® (awfAiw * 
pr^re rf 787 mm. and haa a sp. gr. of 0-887 at 0®, 0-8700 at 80®, O’SAW . 

mo cai^ a^A Aom -which the preceding componnds wm pttspim 

a vciy feeble optical^^at^ power: hence the itatemente mode roepec^^W^ 
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nocesfwirily truo for every specimen of caproic acid prepared from fermentation amyl 
alcohol (Liebcu a. Eossi, Aim. Ch. Pharm. clxv. 118). 

Normal caproic acid is contained in the less, volatile portions of tlio crude acid ob- 
tained by the butyric fermentation of sugar. A mixture of rice, malt, milk, chopped 
meat and chalk, left to ferment for several weeks, yielded a mixture of acetic, butyric, 
luul caproic acids (no propionic or valeric acid). The portion wliich passed ov(?r on 
fraclional distillation between 164° and 17o°coii.sisted of butyric aiul caproic acids, from 
whicli tile formar was removed by ivpeatod washing with water. The caproic add 
wJiich remained boiled at 200°-205°, yieldinl an aiihyilrous bnrinhi salt, 100 parts of a 
Hituratod solution of which at 21°-22‘* contained 8-;j parts of salt, and a calcium salt, 
Ca(C'dr*0’'')® + II'-O, containing iu 100 paits of solution saturated iit 2l°-22°, 4-4 
parts of anhydrous salt (Grilloiie, Atm. Ch. Pharrn. clxv. 127). 

According to A. ritiiind {J. p. Chem. [2] iii. 224) ordinary caproic acid is formed, 
logetlicr with formic, acetic, and butyric acids (but no valeric acid), by the fermonta- 
1 ion of wheat-bran in contact with loatlicr-cuttings (the process rccommcndod by Keller 
for the preparation of propionic acid). 

This caproic iicid added to a solution of cupric acetate throws down cupric 
caproato in bluish-green, heavy, oily drops, which after a short time become crystal- 
lim?. TJie salt is nearly insoluble in water, and may thcn'foro bo roailily obtained 
pure by washing; it is readily soluble iu alcohol, and is obtained by spoutaneou.s 
fv.'iporjiLioii in small, dark green, anhydrous rhombolicdrons (Freund). 

Zinc capruaic is formed iu like manner by tlio action of caproic acid on zinc acetate, 
as a. difficultly soluble cry.stal lino. precipitate, wliieli redissolves partly on warming iu 
the mother-liquor, and is ilopositcd in small plates on cooling. The crystals separated 
from the luotlior-liquor are but slightly soluble in water, but rc.adily soluble in warm 
jilcoliol, from whicli the salt separates in anhydi*oiis crystalline needles having a 
biotlior-of-pearl lustre aud a soapy fool. The formation of this salt may bo cinploycil 
MS a method of distinguishing caproic acid fi’om valeric and buty ric acid, neither of 
wliicli forms a precipitate when added to an aqueous solution of zinc ncutato. Tlio 
Siimo salt is produced by acting on zinc oxide witli an alcoholic solution of caproic 
add (Freund). 

CiiPROirS or Bnroim XBTOXni« » OO(C0H>‘>)^ is obtained in 

largo quantities by distilling tlie calcium salt of cnpric add from Hungarian 
fiisisl-nil (p. 249). It crystallises in white ^jearly scales, whicli are insoluble in 
MMt.cr, readily soluble in ether and boiling alcohol ; it molts at 58°, solidifies 
agiiii at 5G°, and boils above 350°. It is not acted iijicn by a boiling mixture of 8 
parts of potissium dichroniato, 3 parts of sulpliimc acid, and 10 parts of water; 
neither i.s it changed liy dilute nitric uckl ; when it is heated with concentrated nitric 
MLid, a violent action takes place, and, amongst other products, cnpric acid, and per- 
haps also caprylic acid, are furmod (Grimm, lac. cit.). 

CAPROOXra or BIAMTB XSTOXTS, « CO(C^Il“)< E. Schmidt 

{Deut. Chem. Ges. Bar, v. 597) prepares this compound (and other ketones in like 
iniiinier) by heating calcium caproate, mixed with chalk to prevent fusion, in a wide 
iron tube placed in a combustion furnace. ' After dehydration by calcinm chloride and 
rtjpeaUid fractional distillation, it has a sp. gr. of 0’822 at 20°, imd boftsat 220°-221° 
(at 165° according to Hrazior a. Goslcth). Nitric ncid acts Wolontly on it, forming 
LMproic and nitrovalcric acids : . . . 

CO(OTI")a + 3HNO* = C*H"(COOH) + C^H^CNO*)©* 4- ^*0* + 2H-0. 

Methyl’-c aproone^ CO {q^ih prepared in like manner Seating a mixture of 

the calcium salts of caproic and acetic acids, has a sp. gr. of 0'813 at 20° (0*828, at 0° 
according toPopoff), and boils at 155f-166° (at 144® according to Popoflf; at 162°, ac- 
cording to Schnrlemmer’s * Lehrbuch ’). With nitric acid it yields caproic and a^io 
(S d’ °i^ro-acid. With sodium bisulphite it forms an abundant crop of crystals 

CAPBTXi cnoitlDa, C«H»OCl, see Oapric actd, (p. 2i9). 

MKA nkU.’-^Amnumium Carhamali!^ dO*N*H« » NH*.COONH*, splits up 
^mpletely, when yolatilised, into ammonia and carbon dioxide. A. Nauman {Pent* 
Gcs. Per. iv. 770), in five determinotiond of the vapour-density made with 
ilofmann’s apparatus (UiSupp^* 1127), at tomporatures ranging botwoto 37^' and 100®', 
»>btainod numbers between 0'8f^ and 0*891, the density calculatod fbr 2NH* + CO^ 
|4 vols.) being 0*898. The apparatus has to bo heated for an hojur before the tehsibn 
.botomoB constant^ and at low, temperatures the tension, reacdies ito maximum w 
bx^uie slowness, both when the point of aaturation hse^t been previously attained,: 
and when it has beep passed, over by eooH^, oltof: tho 
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siibstanao to a highor teinporuture. Boilies -wliirli yolatiliso w ithout decomposition! ji.s 
Hi I pht halo no and oJirhoii sesquicliloride, bohavo ditteroiitly. 

Trom a great number of experimeTits, the foll<)v.’ing Table hns been calculated: — 
Decomposition-Tensions of Am nioniwiii Cnrbamate. 


Temp. 

Tension 

Temp. 

Tension 

i Temp. 

Tension 

1 Temp. 

TonsioD 


' mm. 


mm. 

26® 

nnn. 


nun. 

-la® 

2-6 

10® 

29-8 

97-5 

42® 

278 

-10 

4-8 

12 

34 

i 28 

no 

44 

.316 

— 5 

7*5 

14 

39 

j 30 

124 

46 

364 

0 

12-4 

16 

40*5 

1 32 

143 

48 

402 
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This table shows that the decompusition-tonsion of ammonium carbamate increases 
by incroaso of tomporiituro similarly to tho tensions of other substancos. 

Tho time required for this decomposition depends partly on the quantity of undecom- 
posed salt present, and becomes shorter tho larger tho surface of tho latter. Both 
during decomposition and during reproduction, tho tension increases or decreases iiioro 
slowly, thq^nparer it comes to the point of equilibrium. 

The long time required for the decomposition hy boat, or for the reproduction, of this 
compound, shows that it is an atomic and not a molecular combination. In this respect 
it resembles formic motaldehyde, C*H«0», which, as Hofmann has shown, splits*^ up 
when hciited into throe molecules of formic aldcliydo CH*0, this gas on cooli^ being 
slowly rocoiivortod into tho solid polymeric compound (Naumann, Dcut, Chem, Ges 
Der, V. 815). 

Bensyl OarUmmate, CO.NII«,OC»ir, is produced, together with benzyl chloride, 
by tlio action of cyanogen chloride, gaseous or solid, on benzyl alcohol. See Benktl- 
COMPOU.VLS (p. 178). ^ 

Bbonyl CarbftmOite, CO.NII*.OC®II*, is formed, together with ammonium 
ohloride, by tlio action of dry ammonia gas on a solution of phenyl chlorocarbonato 
in absolute ether : 

- MCI + 

The solution^ filtered from tlie h;i 1 -ammoniac and left to evaporate, yields phenyl car- 
bamate in beautiful lamina? melting sit 141®, soluble in alcohol and water, as well as 
in ethor. ‘When evaporated with strong soda-solution, it gives off a largo quantity of 
animonia, and forms sodium cjirbonato and sodium pheiiato. Heated to 140®-lfi0^ 
with saturated aqueous ammonia, it forms phenol and urea: 

CO,NH*OC«H5 + NH» =* HOC®H* + CON®fl* 

(Eempf, DeuU Chem. Ges, Her. iii. 263). 

■tbjl Vbenyloarbamate, Btbyllo CarbanUate, Vbenyloarbamio Btber« 
<iit«i«nyI-npettaa«,(?H“NO« = CO ®tt>or is formed »lwii 

1 mol. ethyl chlorocarbonato is allowed to flow upon, 2 mol. anilino contained in 
a flask wnnocted with an inverted condenser. Tho whole solidifies to a ciystallinp 
sna^s, whicli, when heated in a water-bath and freed from excess of aniline by WBihittg 
It, first with water containing hydrochloric acid, and then several tirnds with cold water, 
yields ciystals of ethyl carbanilato : 

■ <■ * na . 

The ether nay he pnrified either by boiling jt \rith a' large quantity of waWr i?^ 
altering quicWy.^ bettOT, by distilling it after drying. It is n^ly inmtubie itt(!J«. 
somewhat solubll in boiling water, easily solnble in tdeohol and ether: paiiM «(»»f 
abun^ntly with Mue^ranour ; melta at 6l»-6-«2» ; TolatiUBee without deeqiijipo^^ 
and boils at 33. -238 . It is decomposed by baiyta^water and hydtiodSe ai^'IW.' 
carbanilic acid cannot bo prepared ftom it It reacts like the nretha^ and 
be only isoinenc_withjtopt|ylio ether of anthranilio or meta-amidobelnbia^MitP^' 
tawed by the action ff hoibif potash on indigo, M Oqipl. 761), but prob*bt^fii«rWf< 
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the body which Hofmann obtiuned in 1849 by the action of ethyl alcohol on 
phenyl cyanato or carbanil (ii. 197). When treated with potash-ley, it yields at first 
alcohol} carbon dioxide and aniline, the last of which acts further on the uiidocom- 
posod e*thyl carbanilate, converting it into diphenyl -urea, CON*H*(Cfn*)*. Tho 
dipheDyl-uoa obtained in this manner, or directly by heating ethyl carbanilate with 
aniline to 160°, differs from Hofmann's carbanilide (i. 766) only by boiling at 226° . 
instead of 205°, and by its smaller solubility in alcohol. Ethyl carbanilate heated 
-with' ammonia yields aniline and urea (Wilm a. Wischin, Chenu Soc. J. [2] vi. 192). 

H. SchiiF(Z^^. Chffm. Ges. Bar, vi. 649) has obtained an ethyl carbanilate differing 
in p^perties from that above doscribod, by tho action of aniline on ethyl chlorocar- 
bonate in ethereal solution. 1 part of ethyl chlorocarbonate dissolved in 10 to 15 
times its volume of absolute ether was added by drops to 2 parts of aniline; the liquid 
filtered from tho aniline hydrochloride and evaporated ; and thq residue washed, first 
■with acidulated, then with pure water, dried over calcium chloride, again dissolved in 
ether, and evaporated. 

Tho product thus obtained has tho composition of ethyl carbanilate, but does not 
crystallise. It is not volatile without decomposition, but decomposes when heated 
above 200°, giving off vapour of ether, and between 230° and 235° a colourless liquid 
which begins to boil in the roceivor, giving off ether-vapour and an odour of phenyl 
cyanato, and finally solidifying to a white crystalline mass. After some time 
more crystals are formed, the odour of phenyl cyanate is no longer emi Ited, and the mass, 
which then contains alcohol, may be freed from the uncryst^lisable portion by treat- 
ment with other or benzene. 

Tho crystallised mass thus obtained conbuns three compounds which may be sepa- 
rated by moans of alcohol ; all three, when fused witli potash, yield ftnilino and 
carbonic anhydride, and when fused alone, emit the odour of phenyl cyanate. These 
‘compounds are: 1. Trijphenyl Cyanurate^ C*N*(OC*H*)* ; small colourless prisms, in- 
soluble in water and in ether, nearly insoluble in cold, very slightly soluble in hot 
aicobel, moderately soluble in hot bonzeno and in the alcoholic solutions of the com- 
pounds 2 and 3. It melts at 214°-216° (corr. 222°) and is identical with tho compound 
which Hofmann obtained by heating ethyl carbanilate with phosphoric anhydride 
Cham. Ges, Ber, iii. 76d)i and by tho action of cyanpgon chloride on potassium 
plienate {ibid. 269). 2. BipJieiiyl-carhamideot CcvrhanUidef K'.CO.(C”H’)^H'‘^, identical 
with that efetainod in various* other ways (i. 756; 1st 8uppl. 398). It forms long 
shining needles, molting at 2b0°-203°, easily soluble in hot alcohol, more soluble 
in cold alcohol than the preceding compound. It forms tho prlnc^l part of tho 
product obtained by the decomposition of the carbauilic ethor. 3. iHphffiiyl-buireU 

(CONHC-H* 

N - C”H^ . This constitutes the portion of the product easily soluble in alcohol ; 

CONHC-IP . 

it is best precipitated from the .alcoholic solution by water, whereby aU indistinctly 
crystalline muss is obtained which molts at 106°, and may be distilled but decomposes • 

At tho same time, yielding triphonyl cyanurato and diphonyl-carbomide. 

Etliyl-aniline acts on ethyl chlorocarbonate loss strongly tliou aniline, forming a 
compound which distils without decomposirion between 245° and 250° (Schiff). 

Btlijl Tolyloartoamate or Tolyl-vratliMie, CO , is obtained by tho 

action of chlorocarbonic ether upon toluidino; tho reaction is very Violent, and is 
best conducted in presence of ether. Tho solution filtered from the toluidino 
hydrochlorido and evaporated loaves tho tolyl-urethone as an arcmiatio oil, which,. 
'A'hcn cooled by a freezing mixture, solidifies witii difficulty. It is inrolublo in water; 
crystallises from alcohol in long prismsmelting at 32°. By distillation with phos- 
phoric anhydride it yields tolyl isocyanate or tolyl-carbimide, N | (Hofmann, 
IVoc. Roy, Soc, xix. 108). 

Bthyl SKjiyiearbMaate or atyljl-m^tluuie, CO {qo^h"^' obtained in 

i ihe manner from cliloiocarbonio ether and toluidine, dystallisos in slender needles 
molting at 08° (Hoftnann). 

■thy! HaphtbyloBTbamaUi or Hapbtbyl-iirothmiia, 

tiinod by tTe.ating naphthylamiup chlorocarbonic etbSTf cxystaUiMS from uicohol 
m needles which melt at 70 ° (Sof^on}. * 

OAUAXOft, C»H»N. (Griwbo a. Gee. v. 12 ; Giuebe, 

wid. 076, also Ann, Ch, 256 , dMf. 

Pttnfication of crude ^^thniesne ccidib^ nbt yet ptedsiajr! * ' 
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spociiled. For purification it is distilled onco or twico, then dissolved, together with 
nil equal weight of picric ucid, in tar-oil of high boiling point. The solution on cooling 
deposits fiiio rod crystals of a compound of carbfizol and picric acid, which when 
’ treated with aramonia, yields the carbazol. It is also produced, together with 
hydrogen, ammonia and ammonium cyanide, by passing auilinc-vapour through a 
porcelain tube heated to bright redness : 

!2C«H’N = + H’* -H NH» ; 

and more readily by decomposition of diphenylaniino, «= 

Hence it may bo supposed to have the composition of imido-di phen vi 

I Three dotorini nations of its vapour-density (in sulphur-vapour) gave 

the numbers 5'97, 5'9G and 6 01, the calculated number for C*®H*N being 5-85. 

By sublimation or crystallisation, carbazol is obtained in beautiful white laminio or 
tables. It is insoluble in water, but dissolves in alcohol, other, and benzene, sparingly 
at oriliiiaiy, more freely at higher temperatures. It melts at 238° and boils at 338°. 
It is not decomposed by passing through a red-hot tube or by distillation over red- 
hot zine-dnst or soda-linio. It dissolves in cold sulphurio acid, ordinary or fuming, 
and separates out unalterod on addition of water; but when heated to 109° witll 
oivlinary sulphuric acid, it is converted into carbazol-disulphonic acid. Nilrk 
arid, according to its degree of concentration, converts carbaizol into a mono- or di- 
nhm-coinpouiid. Fiiining nitric acid acta upon it with great violence. The same 
nitpo-deriyativL's arc formed by the action of nitrous acid on carbazol dissolved in 
alcohol. Cg.rbazol is not decomposed by hydrocliloric arid, by fusion with iMtnssium 
hydrate, or by heating to 200° with alcoholic potash-solution. Neither is it reduced 
by sodium -amalgam in alcoholic solution, or by liydriodic acid at 200°, but wjion, 
heated to 200°-‘220^ with Btrong /tj^drioflic acid and anu>rphom phosphorus, it tiikos up* 
6at. hydrogen and is converted into carbazoli no. Carbazol is sti*ongly at tacked bv 
oxidising agents ; when di.ssolvodin glacial acetic acid, it is readily oxidised by chroniu 
and, but docs not yield any wcll-dclinod product. With chlorine and bromine it forma 
substitution-products. 

Tho comwund of carbazol with pkric acid C'2H®N.C'»IP(NO*)®0 forms beautiful red 
needles slightly soluble, in cold benzene, more freely in hot bonzeno and in ether. It 
IS docompwed by water and by alcohol like tho corresponding anthraccno-compound, 
from which indeed It is distinguishable only by the form of its crystals find by its 
infOTior sombuity in benzene. By careful heating it may bo sublimed in needles, 
witii only ii^gnt decomposition. 

In tho electors of Its picric acid compound, as well as in not combining wifh 
mineral acids, and indeed in all tlio characters above described, carbazol resembles a 
liydrocarbon inuch more closely tlinn a nitrogonised organic base. 

^ formed, as already mentioned, by tho action 
of hydnodic acid on carbuzol m presence of amorphous phosphorus. To prepare it, 
w heated for some hoiivs to 200°..230° with 4 parts of hydriodic acid (b. p. 
127 l and 4 part of amorphous phosphonis; tho contents of tho tube when cold are 
mixed with water ; .and tho solution is warmed, and iiltorod from a brown unctuous 
mans form^ at tho samo timo. Tho flltrato, on addition of nmmonia, d^sita «8i- 
baaoUno, which may ho punfliKl hy crystnlUsation from akohol. 

^rbazolmo crystalhaes from alcohol in largo whit® noodlca ; it molta at 06®, and 
dial yaponr-density is 613®, 6 00® being tho cnlcnUted 

onsity for C H N. It eiibhmca in needles, and volatilisos with wator-vapour. It is 
readily soluble in alcohol, olhor, and benzene, and forms salts with acids ww soluKo 
. aUohoI; Its hydrochloride is C»H'*lf.HCl. Platinic chlori^, ferric 
WnHonL «nd potassium permanganate, readily ozidiso its 

Bn OT 1*9 f ** ^ 1 formation of a brown amorphous mass ; nitric acid pf 

? TosinoUs body; red-hot soda-lime and niolti| 2 g potash are iriihout 
action on it (Gr.aebo ii. Glaser, loc. cit.), 

O^OOiLTqo&UO aTBSM (Ilointz, Ann. Ch. S67). 

1. Bihyi ^arbodifflffiollate, C'Il>iO’=CO'^^^^ , 

_ ^ .^OOH*COOG»II* ’ ‘‘ 

toother:' ^th^I chlorocarbonate aqd glycollids, ithen gaseomi earbi 
Jlih^ne) M continuously pasMd through othylalyeoikte. • On Iobti'm 
gljwlli^ C=R»0» separates out ; and on washing* 
with ether, mixing Oifrotherosl washingg with tho ftoin which tho 

seated, and agita^ng thO otboioal solution hsdredilorie i 
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fflycoUato dissolre, and tho remaining ethereal liquid dehy^ated inth calcium chloride, 
and evaporated, leaves a liquid which by fractional distillation ^dolds ethyl chloro- 
carhonato, ethyl glycollato, and ethyl carbodiglycollato. 

Tlie formation of carbodiglycollic ether in the above reaction is reprosonted by the 


equation : 


/CIPOH 

2CO^ + COCl* 

X0C»H» 


2UC1 + 


COC^ 


OCffCOOC?H* 

oon»cooc»H»’ 


tho simultaneous fornuition of glycollido and dilorocarbonic ether probably by the 


equations : 

(1) 

( 2 .) 


/CH'OH , 

004: + coci* = Hci + coc ; 

\.OC=IP '^OCH»COOC»H* 


co/ 


Cl 

'•ooH«cooc*n‘ 


c=n»o« + CO 


/Cl 


\OC?H» 


Carbodiglycollic other is a viscid liquid of yellowisli colour (probably colourless in 
tluj pure state), sinking in wjitcr, having a somewhat ethereal, not altogether pleasant 
ndour, and a peculiar burning taste ; easily solublo in alcohol and ether. It boils with 
j '.irtifil decomposition at about 280°. Under the influence of leases, it decomposes, readily 
yiidding carbonate and glycollato ; proljably, however, a carbodigly'collato is funned 
iis an intermediate product, for the ether dissolves in lime- or baryta-water without 
iimncdiato deposition of carbonate; but decomposition ensues on heating tho liquid, 
and partially even when it is loft to evaporate at ordinary temperatures, so that it has 
Hot vet been found possible to prepare a pure metallic carbodiglycolbile. 

2. Ethyl CarhoglycollatCy = CO . , i.s produced 

\ooH»cooc“n‘ 


Ia- the .action of ethyl chlorocarbonato on ethyl glycollato 
^C1 ^CIFOII 

COcT + COC « HCI + CO 


-OC=H^ 


\oc- 


ap 


-^OC*H* 
'^CH»COOC»H»' 


A mixture of tho two ethers is heated to 100° in a sealed tube till hydrochloric acid 
no longer escapes on opening tho tube ; and by subjecting the product to .repeated 
fractiounl distillation, carlxiglycnllic ether is at length obtained in the a some* 

'ftliat viscid colourless liquid boiling at about 240°. It has a pleasant though faint 
(thcroal odour, and a disagreeable burning tasto; sinks in water; dissoly^l in alcohol 
!inrl ether ; also, without turbidity, in cold lime- and baryta-water. ' Hme metallic 
lailtoglycollates appear to bo producible, but they are very easily resolved into car- 
lion.'itcs and glycoliates. 

In the preparation of tliis ether, glycollido and ethyl carbonate are ibrmed at the 
siuiic time by a simple decomposition of tho ethyl carlwglycollate : 


CO> 


-OCH*COOC-H»" 


C*H* 0 » + OOc:^ 


•OO'H* 


OC»H* 


CAUBOXr. Allotrtmic Modifications . — ^Bospretz found, several years ago, that all 
Kinds of carbon heated in the electric arc of a battery of 500 to 600 Bnnson’a elements, 
w’ftfin and are ultimately convortod into graphite. According to Bettendorf (Arch. 

[2] cxliv. 79), gas-coko may bo thus transformod by a battery of only 24 
'■nsnuints. When wood (of box, ash, liornbeam, elder, lilac or cork), or flax, hemp, 
p.apor, Or silk is placed'in a porcelain tube, vapour of. carliOn suljiimde passocl 
I’vm* it Ht ordinary temperatures till all the air is driven out, and the tube then slowly 
itiid gradually hoatl^ to redness for about an hour, the organic substance is founds after 
^'^«hng. to bo conv^ed into a kind of coke, hftvinn tho ring of steel, silver, &c., and 
} power of conduoting heat and electricity. When h^tod it gi^nally beeves 
'»«'nndpKccnt throughout its whole mass, without taking fire% ai^ pai^ and 

; down ns soon ns the soureek qf heat is remoYod it migh^. to 

^>i’ni the carbon cylinders of Bunch's batt.si;y. , snrr : 

IS denser than woQ4:charcbg), aud absorb. gasof^vAmnd ; 

■u-hon, which is a good 

likewise obtained by strongly fh h' '<Sf\ilibfe,flUedirithv^ povnlm?. 

■ rjod-spirit, hydriicarboB^^ &^iSS^^ Is ^09^' 

ino clastic and -* - 
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fi TWft j trhereby ths intorior of tho tube becomes coated with silvor whito threads of 
carbon about a centimeter long (Sidot, CompU rend, Ixx. GOA). 

CarlM in Meteorite&. Certain meteorites contain carbon, both in the free and in 
tho combined state, that is, in tho form of liydrocarbons ; tho combined ciirbon is com- 
pletely dissolved out by free acids. In two samples of meteoric iron front CailJe, 
BousKlngaiilt {Conipt, rend. Ixxiv. 1287) found 0-12 p.c. combined carbon. Three 
specimens of meteoric iron from Ovifvak, in Greenland, were found by Danbree {ihid. 
240) to contain : 

Combined Carbon . . . 3*00 2’6 3*6 p. c. 

Free Carbon .... 1*64 0*3 1*1 „ 

The meteorite found at Cranbourno near Melbourne contains fragments of pyrites 
and a certain quantity of amorplious carbon. On treating the amorphous carbon, 
first with nitric acid, to remove admixed pyrites, and then with a mixture of fuming 
nitric acid and jKjtnssium chlorate, a groeni.«h graphitic oxide is obtained, identical in 
all respects with tho oxide from tho graphite which crystallises from molten cast-iron, 
but different from tlio oxide obtaiiiwl from plumbago. From its association with 
pyrites in tho metoorito, tins carbon may have arisen from tho action of carbon sulphide 
on the incand( 3 scoiit iron; at any rate, it lias bcoii formed under tlioinfluoncc of a very 
high temperature (Bortholot, Compt. rend-. Ixxiii. 494). 

Carhon frnm the decomposition of Carijonic Omde hy Iron . — In the decomposition of 
carlxinic oxide by iron and oxide of iron, at a comparatively low temperature, a largo 
cpiaiitity of amorphous carbon is produced. By repeated treatment with nitric acid 
and potassium elilorato, this carbon dissolves almost completely, in tho samo way as 
tho combined carbon in carburetted iron and manganese, a trace only of graphitic oxide 
being formed (Berbliclot). 

CA&BOW BROMIDS (TBTBA-), CBr* (Boihs a. Gfroves, Cheni. Soc. J. [2] ix. 
773). Tho formation of this compound by tho action of bromine in presence of 
iodine bromide or antimonious bromide on carbon sulphide, bromopicrin or bromoform, 
has been already noticed (Is/ Siippi. 400. See also Bromoforw, in this volume). 
Subsequent experiments have .^liown: (1). That this compound is formed in small 
quantity when ciirbon sulphitlc is heated with pure bromine alono to 180®-200®fop 
Several hundred hours ; (2). that tho quantity produced is greatly increased by tho 
presence of tho bromides of bismuth, arsenic, gold, platinum, cadmium, zinc, or nickel, 
whereas the bromides of iron, tin, phosphorus and sulphur have but little influence on 
the result. Bismuth heated with carbon sulphide and excess of bromine for a con- 
sidflinblo time, converts a large proportion of carbon sulphide into tetrabromidc, app- 
rently yielding a result as g(^ as that obtained witli antimony ; arsonious brotnido 
under similar circumstances also transforms tlio greater portion of the carbon sulphide. 
On the whole, however, iodine bromide in presence of excess of bromine appears to bo 
tho most convenient agent for effecting tho conversion. CSarbon tetiabromide is also 
produced in tho following reactions. 

a. By decomposition of Bromopicrin^ CBr*(NO*). When this liquid, in quantities of 
200 to 300 grams, is gently heated for thirty or forty hours in a flask connected vith 
a condensing apparatus, nitrogen oxides and carbon dioxide are given off, if a dork 
liquid having nearly the composition NOBr* collects in the receiver, and tho liquid 
remaining in the flask deposits after some time largo crystals of carbon tetrabromide- 
To obtain this compound in the pure state, the liquid is mixed with water, caustic 
soda added to neutralise excess of bromine, and tlie solution is heated till the carbon 
tetrabromide melts into a cake. The product thus obtained contains a small quantity 
of an oily substance, which may bo removed by strong prossuro between bibulous 
paper before <9yBtallisation. Traces of bromopicrin which remain undeeoiupoBC*^ 
unle^ tho heating has been continued fur a somewhat longer time than that' above 
^ecified, may be removed by_ heating tho product with aqueous potassium 
The action of heat on bromopicrin aiflirds an easy and expeutious method of ptepanfig 
small quantities^ of carbon tetrabromide, the yield being about 30 p.c. in 
on small quantities, however, care lUusi^.l^ takeii that tho liquid does not dryup ®® 
the sides of the vessel, and become strongly heated, as in that dase the whole M •P*' 
to decompose with explosive violeoco. 

By the action qf ^ CHI". At ordiiMy tempeUat^ 

reaction gives rise to C BtaiTT but an exe^^f bromine 

teinperatiu-es removes the:lH||H|HH wholo of the iodine, produciaflr 
tetral^mido. When introduced kito a t?u&> and 

Its weight an)rominn add^ tq^^ti^;^ixture became nnd niueh 
tiberated. The tube wnCf then seaf^ and heated to abaat I30® for 70 hou^ 

Opening it at expiration of considen^le qntnntity of 
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escaped. The contents were tlien neutralised i»dth sodium hydrate, aiid distilled in 
tiio usual way. The somi-solkl crystalline mass, after being separated from the 
Milter, and having the greater portion of the oily matter removed by pressure, was 
cxiiniinod, and found to bo carbon tetrabromide contaminated with a minute quantity 
of t lie .nbovo-mon tinned oil, which was, however, easily removed by crystallisation from 
spirit. In this experiment bromiodoform was undoubtedly first produced, the liberated 
iodine combining with the excess of bromine ; and the bromide of iodine thus formed, 
ai'ling upon the bromiodoform, transformed it into tetrabromide of carbon. 

7. By the action of Iodine 'Bromide and Bromine on Chioroform . — This reaction 
yif'Ms the compounds CBr^ and C‘Br*Cl, together with otlier products. When dry 
clilurofonn was Jieatcd to 1*50° in scaled tubes with one part of iodine and S parts of 
lii'omino till the tubes on being Opened no longer emitted gas, the contents when 
siilunittod to fractional distillation yielded several fractions, the lowest of which (100®- 
130°) wa.s liquid at ordinary temperatures, while the intermediate fractions deposited 
Lirgo colourless crystals when cooled, and the highest (180®-200°) solidified at once 
to a crystalline ma.ss, which when recrystallisod from alcohol had nearly the composi- 
fioii of tribromochloromcthano CBr*Cl. Another rectification of the higher fraction 
yii ldod a substance, which, after crystallisation from spirit, melted at 76° and gave by 
niialysia 92'91 p.c. bromine and 3 p.c. chlorine. Now as carbon tetrabromide con- 
tfiins 9G'4 p.c. bromine, it would appear that the substmeb in question was simply 
iMrboii tetrabromide contaminated with a small quantity of tribromometliano. 

Boding point and Specific gravity . — The following table gives the results of two 
parallel sc-ries of experiments made with the tetrabromide prepared from carbon 
MilpJiiile and from bromopicrin. Column I. represents the pressure in millimeters ; 
column II. the boiling point of the tetrabromide derived from carbon bisulphide; 
Column III. the boiling point of that from bromopicrin 


I. 

11 . 

III. 

uim. 

CBr*fromCS=. 

CBr* from 0»0=Br*. 

60 

101-76 

101'76 

100 

120-50 

121-00 

228 

143-00 

143-60 ^ 

280 

15000 

150-50 

380 

160-25 

161-00 , 

430 

— 

165'50 

482 

— 

169-50 

658 

— 

17500 


Tetrabromide of carbon under the ordinary pressure (760 mm.) boils at ISO'S®, ^tit 
nt tlio same time it'undcrgoes a slight decomposition, bromine being liberated. It can, 
however, bo distilled without change in a vacuum, but, when thb pressure is increased 
to about 360 mm., a very slight decomposition commences. 

1 ho specific gra\'ity of carbon tetrabromide was found to be 3*42 at 14®;. but the 
Tiisult 18 perhaps rather too low, as tho substance is very apt to form cavities in 
crystallising, 

Bea^ious.- 1. Cwbon tetrabromide heated to 200® in a sealed tube, undergoes 
pjirtial ilccomposition, a small quantity of bromine being libozated. The same 
P lenomenon takes place when the tetrabromide is exposed to bright sunshine,' the 
istanco at the same time showing a strong tendency to crystallise on the ride of tlie 
0 "earcst tho light, in -well-formed and very brilliant crystals. 

tetrabromide heated to 100® with alcohol in a sealed tube, yIeldB hydro- 
gen bromide, aldehyde and bromoform : 


CBr« + C*H*0 - HBr + 0*H<0 + CHBr*. * 

^ * sealed tube foi^ sevezal hours, it' 

bromofoim, produced as above, together with a small quantity of 

rf^lxmtotwtpoiiiiide h lS^te^thS {Muteof awtirii 

iiillionf r’ *“ * potir^rfM jSdbcsHoo feMiB. vUch completM ftadf 

in. rf heat, rad |b« «dz^.pa ebcOiw to a 

:\th« ' teij^a* 


■^iphenyiguani^iie i 

6(CTO.]^)]!r - 3[(€ffl- 

Tho reaction w ekacti;^&Ur to tlu 
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6 ntalteUi^^de heated with antimof^ P'W® “P P"‘ hromine, and yields 
« wScM«l>UM. 6. When it was heated with nUver oxalate to 100® in a sealed 
tube, a yiolent explosion took place. 

OAMBOV OBXiO«»BB. The trichloride (7CL‘' is ];>Tocliiccd by the action 
of chlorine on acetylene tctrachlorido (HPC1\ Acetylene tetruchlorido heated in a 
sealed tube to 300“ for fifteen hours splits up into chloracctylone dichloride and 
hydrogen chlcffido. The action is : 

C=1I-C1< + Cl^ = 2IIC1 + C-Cl*. 


Carbon ti-iclilorido is also formed, when hydrogen, mixed with the vapour of tlio 
totr«icliloridc, is passed through a red-hot glass tube filled with fragments of glass : 

2CC1* + 11* = 2HC1 + C=»C1«. 

Tho reaction takes plaeo at a temperature at which no perceptible resolution of tlio 
telTfichloridt! into tlie trichloride and chlorine takes place (Stiidoler, Ann. Ch. Vkarm. 
Suppl, vii. 168). 

lliirdl}’, carbon trichloride is formed by the action of phosphorus pontachlorido on 
acotvl chloride CH^.COCl, tho oxygcn-iitom and the throe hydrogen-atoms boiii^' 
rephiced by equivalent quantities of chlorine. When acctyl-chloride is heated fur 
some hours in a sealed tube to 180® with rather more than 4 mol. PCI', the tube being 
opened now and tlion to allow the escape of hydrochloric acid, and finally heated for 
56 hours to 210®-2‘20°, and the contents then slowdy poured into cold wntor, carbon 
trichloride separates as a white mass, ’which may he crystiillised from boiling alcobul 
in foathoi7 crystiils, or by slower separation in thick square plates. The crystals 
molt at 182°-183°, not at 160° as commonly stotod (l.s^ SuppL 766). 

Tho formation of the trichloride is accompanied by that of a small quantity of 
tho compound C'^IPCl* or CH^.CCl? (H. niibner a. F. C. G. Miillcr, Zeitschr. J\ 
Chem. vi. 328). 

Tetrachloride, COl*. When 1 mol. phosphorus pontoxidc is heated with 2-3 
mol. carbon tetrachloride to 200°-220°, the follow^iiig reaction takes place : — 

+ 2CCP = COCl* + CO* + 2POC1*. 


Tlio quantity of phosgene produced is about three-fourths of tho theoretical amount, ainl 
a portion of carbon tetraclilorido always remains unchanged. l*y diminishing the 
quantity of tlio latter, tho yield of pho.Kgono always diminishes while that of wirbon 
dioxide is increased. On employing equal mimlxrs of molecules, the reaction is— 

2P*0» + 3CC1‘ = 4POC1’ + 300*. 

Tho residue in the tubes is a viscid liquid, consisting of phosphorus oxychloride, .’iml 
a compound formed by the action of phosphorus oxycliloridc on tho pcutoxiilc 
(Gnstarson, Zeiiechr. /. Cfum. [2] vii. 615). 

Phosphorus pentiisulphido lias no action on carbon tetrachloride, oven when tho two 
are heated together to 200°-220° in a sealed tube for a week (Thortw, Chem. Soo, J. 
[2]x.463), 

CUbrobromldeia The irichlorof/ro^tnide CCPBr is obtained by hwting 
chloroform with hromine to 200° for six or eight hours, washing the product, ®nil 
submitting it to fractional distillation. It is a mobile colourless liquid, ■^ikh 
becomes coloured on exposure to light, has* a pleasant ethereal odour, dissolves iu 
alcohol and other, and boils at 104*3° under a pressure of 767'9 nim. A small 
quantity of tho^dichloro-di bromide C’-d*Ur*, which is a liquid boiling at a highc’f 
temperature, is likewise obtained in this reaction (Pateriio, Gassetta ohimica 
1 . o93). 

The tetfochloro-da^iide, or tetracMoro-dihrimethane C*CPBr*, is prodacedf pj 
heating pontechlorothane C*1ICP with bromine to ‘200°, as a ctTstallihe bo^v’whw^ 
may bo punfiod by washing with dilute potash and crystallisation from alcdM^F 
ether, in which it is^ very soluhlo. It has a char.acteri8tic camphor-liko odour, 
to that of carbon trichloride, which it closely resembles in appearance. 
it decomposes, with liberation of bromine, but without melti ng or volatilising* 

has the fOMtitutiOT {cQp,ai nnd w isomeric with tho compound {e^^; 

i^Ia^i obtained' (1«< the direct union of bromic 

dichloiMe (Patomd).^ . * ’ iV: 

COilfV^altrylMMi . Carlwn . "Chloride, or tetmchlorethjriiibN^^^’^^^ 
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flirectly with nitrogen tctronde, forming ctTstalline totrachloro-di^t^oethano 
C*Cr‘(NO“)®. Diis compound is violently attacked by alcoholic potaah; but if the 
liquid bo clilutod with water, and the uitco^mpound gradually added to in, tho 
foniiiition of by-products may be avoided, and an alkaline liquid is obtained, which 
by evaporation yields potassium^^chlorido, together with long prisms agreeing In 

composition with the formula, NO® jc.OK. This compound may be regarded ns the 

potassium salt of trichloracetic acid in which the oxygen of the group CO is replaced 
by two atoms of nitryl ; or as the potjissiuin derivative of trichloro-dinitro-ethyl 
jilcohol (IToch a. Kolbe, J, pr. Cliem. [2] iv. 60). 

Carbon diclilorido gradually addod to a wcll-coolod mixture of concentrated sul- 
phuric and rod finning nitric acid, forma nitryl chlorido ami nitrotrichlorothy- 
ione. This compouinl, which has not been obtained in tho pure state, owing to its 
instability, is a yellow liquid, having an extremely intense anrl unpleasant odour, and 
musing lioadacho and tears ; it is decomposed by water and alkalis. By heating witli 
bromiuo for some hours to 140°- 150° it is converted into C-Cl"(NO*)Br-, a crystalline 
substance, melting at about 120°, with decomposition (separation of bromine), easily 
soluble in ether, loss soluble in alcohol. By heating with liquid nitrogen tetroxidciri 
scaled tubes to llO^, it is converted into trinitrotri chi ore thane, C®Cl*'NO®)“, 
which crystallises in feathery forms ; this body is not explosive, hut gives up nitrogen 
Ictroxide wliun heated (K. llocb, J, pr. Chem. [2] vi. 95). 

CASSOXff OSCXlkSS. 1. Monoxide. Carbonic Oxide. CO. This gas is 
oxidised to CO- by chromic acid. Tho oxidation may bo slowly but complctelv 
acooniplished b}' introducing a ball of gypsnm soakesd with solution of chromic iiciS 
■iiihj carbonic oxide standing over mercury (E. Ludwig, Ann. Ch. Pharm. clxii. 47). 

])ecP7npflfiifion by Iron and ita Oxides. — ^When pur© and dry carbonic oxide is passed 
over inota Hie iron at 300°_400°, scaividy any deposition of carbon takes place; but 
wlioii it is passed over ferrous oxide, this oxide is riHluced at tho surface to nidtallic 
iivn and a deposit of carbon is formed. Carbonic oxide mixed with a snmll quantity 
ul »;arbonic anhydride or oxygoji, and passed over metallic iron at the same tempera- 
tun;, deposits pulverulent carbon on the surface of tlio iron. These reactions may be 
ifprcsentcd by tho equations : 

3Ff}0 -t- CO TVO< + C; 
nnd Pe’O* + CO - 3FcO + CO». 

If ill the experiments which yield carbon, tho temperature be raised to ruducss, 
the deposition of carbon ininiodiately stops, and any ferrous oxide that may be 
prr.seiit is again burnt. 

Tlie Ciarbon which is deposited in these reactions contains metallic iron, sometimes 
aiuoiiutiiig to between 5 and 7 p. c., and some oxides of iron, for tho most part 
magnetic. The presence of iron in the deposited carbon suggests the idea that 
mdural grapliito containing iron may have originated in a similar inannci* (Griincr, 
Conipt. rend. Ixxiii. 281). 

Action of Electrkity on Carbon Monoxide alm\e and in presence of Hydrogen . — 
Whoa a mixture of hydrogen and carbon nionoxido was submitted to the action of 
elHctricity in an induction tube, a contraction of tho mixed gases wn^ obscrml ; and 
after the fifth hour tJiey were found to contain about 6 p. c. of nuirsh-gas, which 
Hills been synthetically produced ; 

CO + ^ CH* + H-O. ' i 

In a similar experiment, modo with a mixture of hydrogen and carbon dioxide, the 
t^ultsintgas was found to contain carbon monoxide, and at tlie same time minute drops 
of an oily liquid appeared in the tube. Those were found to give the characteristic . 
lections of formic acid ; ’ ‘ • , , 

H* + CO« « H-CO». 

When pure and di^ carbon monoxide is circulated through the induction tube, and 
then submitted to tho action of electricity, a decomposition of the gas occurs, attended 
^ith a ^dui\l and regular contraction, carbon dioxide being formed, whilst a trans- 
l^irent film ^ a reddish-brown colour is deposit^ on the sides of the tube. This ■ 
jum, whicli is entirely soluble in water, ani| jiri^ds a coloured solution possessing an 
intensely acid reaction, is an oxide of carbofi, bat in different oz]teriiiieiita it dobs hot 
present tho same ' ieoinpositlon. Two of those * oxycarbons/ imro . bebn ^ 

Stifled, nim^, C^O*, and 0*0‘, which may regarded as oMtei^&diDg wil^ 

.3.2. - 
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aotonvlene. C*H*, and voleiylcne, C*H*, in the analogpua hydneajrhonqrstom of 'which 
acetylene is the first term (Brodie, Prdc. Key. Soc. xxi. 245). 

2 BtoxUla or Oartonlo itoliydpMls. — Cnillctet (C<w»j>/. remJ. luv. 1271) htig 
tho propertioB of liquid ciirbon dioxide, whieh ho eon^nscs by mechanical 
pressure- but hfs experiments do not add much to the information previously 
^mishedbythoseof Gore (1st Suppl. 402.), with which he d^ not appear to l,o 
acquainted. It is a colourless mobile liquid, which docs not conduct electricity. 
When the ends of the wires of a powerful induction-coil are brought near oacli other 
in this liquid, a bi-illiaiit white light is produced, unaccompanied by any deposit of 
carbon It does not dissolve sodium ohbridc, sodium sulphate, calcium ehlondc, cal- 
cium carbonate, sulphur, phosphorus, stearin, or paraffin It converts neutral sodium 
carhonate into acid stxliiim carhonate, which is insoluhlo in tho liquid. Iodine 
dis.solve8 in it sparingly, giving tho tint produced by 6 milli^ms of iodine in 10 c. c. 
of carlion bisulphide. Tho Uquid fats aro slightly soluble in liquid curlion dioxide ; 
t-illow is bleached by tho nbstractiou of its liquid fats. Petroleum oil dissolves 5 et 
« times its volume of the liquid dioxide. It appears to he miscible with ether in 
all proportions. Carbon sulphide takes up a sinull proportion only. Liquid carbon 
dioxide is not reduced by sodium. . . , , , , , 1.1 . , 

Tlie liquid bubbles enclosed in certain nnucrals, as rock-crystal, topaz, amethyst and 
quartz oppear to consist in many cases of liquid carbon dioxide, somutimes enclosing a 
small bubble of water. Tho liquefied carbon dioxide does not fill tho cavities com- 
pletely, and docs ntit adhoro to their sides, but moves freely about, like mercury in 
kIjiss On heating the mineral, tho liquid carljon dioxide expands strongly, and con- 
denses tho enclosed water-bubble. When, however, the water predominates, tho 
bubble does not disappear on heating (Vogelsang a. Goissler, Atm. cxxxvii. 56). 

Respecting the amount of carbon dioxide contained in tho air near the Baltic Sea; 
see Atmospiieuis (pp. 112, 113). 

Decomposition the Electric Disch(tnje.--K. Thenard {ObmpU rend. Ixxiv. 1280) liy 
passing gaseous carbon dioxide through a tube similar to those used by ITouzoaufor the 
preparation of ozone, finds that from 4 to 8 p.c. of the gas is decomposed, yielding, atlcr 
absorption of tho undccomposcd portion by pol ash, a mixture of 1 vol. carbou mouoxiclo 
and 4 vol. oxygen, 255 c.c. of w hich wore obtained in thirty hours. Ozone was likowso 
formed, but its qiuintity was extremely small, indicating that tho energy of the electric 
discharge was almost exclusively consumed in decomposing tho carbon dioxide. 

Action of Carbon and Iron on Carbon Dioxide at a red heat . — It liaz been lately 
asserted by Dubninfaut {Cotnpf. rend. Ixxiv. 125) that carbon dioxide CJinnot lo 
reduced to monoxide by ignited charcojil, unless hydrogen gas or water-vapour is 
present. To test the truth of this assertion, Dumas {ibid. Ixxv. 511) has undertoken a 
scries of very careful experiments, in which charcoal, completely deprived of hydrogen 
and aqueous vapour by ignition in a current of clilorine, was afterwards heated to red- 
ness in a current of dry carbou dioxide. Tho gas collected at four dififeront stages of 
the operation exhibited tho following composition 


Carbon dioxide 
Carbon monoxide 
Gas, non-ahsorbable) 
by potash or cu- 
prous chloride 


I. 

00 

90'9 

OT 


II. 

00 

1880 


III. 

4-6 

95-4 


Inappreciable 

traces. 


100*0 


1880 


1000 


IV. 

0*9 

901 

Inappreciable 

traces. 

1000 


These results show that, at the commencement of the operation, a trace of 8®®** 
engaged which is not absorlxMl by potiish or cuprous chloride, and tliat this gM 
disappears. Also that, towards tho termination of tho experiment, carb6n diQ®® 
makes its appoiirance in increasing quantity, having escaped decomposition j> 

tho deficiency of carlxm. The two following points , may ha regi^ed as doflipW 
settled by the experiments : first, that charcoal absolutely deprived of ^ hydrpgwj^j® 
water by the action of chlorine, will transform carbon dioxide into monomde ; 
that tho conversion is total when tho conditions are favourable, that is to IM^f 
there is an excess of carbon, and when tho current is slow. 

In order to ascertain whether metallic iron exerts a similar decomposin. 
carbon dioxide, the foregoing exporimonts were repeated, the tube ' being 
clean iron turnings, instead of charcoal. It was found that a 
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carlxin dioxide passing over iron at a tompcmturo approaching nearly to whiteness, 
w’j\s not entirely converted into monoxide, ilO vol. and sometimes 50 vol. p.c. escaping 
Jii‘'ornpositioii. Tlio difToronce between the action of iron and that of carbon is ex- 
plained by the fact tliab the iron oxide formed at first, tends to reproduce carbon 
(iiuxiile by acting upon tlio monoxide, and thus gives rise to varying mixtures of tho 

two gJlHOH. 

J^eduction of Carbonic to Fannie Acid. — ^When a stre/im of carbon dioxide is passed 
coiitiinioiisly for several days into the porous coll of a Grove’s batteiy, formic acid 
is found both in the porous cell and in the outtir vessel. Tho quiintity formed in a 
^iven time is greater with unamalgamated than with amalgamated zinc, provided a little 
dilute sulphuric acid be added from Lime to time to tho liquid in tho outer vessel (E. 
Koycr, rend. Ixx. 731). 

Jilsimation of Carbon dioxide in Sea-water. — Himly ( Chem. Soc. J. [2] x, 455) points out 
that tho atnonut of carbon dioxide in sca-w’atcr cannot bo correctly determined by the 
ordinary gasoniotric nictliod, since the gas is never completely expelled by boiling tho 
sea- water, either in a v.icuum or at lOO*’ under tlio ordinary atmosplioric pressure, evert' 
when a sLrearn of pure air freo from carbon dioxide is simultruieously passed througli 
llu! liquid. I'lio prosonco of magnesium chloride in the sea-water has doubtless an 
(■•jsi iilial influence on llie retention of tho carbon dioxide. 

Tiu) tot III amount of tho cariioii dioxide may bo estimated by the use either of 
haiyta-wiiti r or of aqueous ammonia satiir.iUxl with a suibiblo liariiim salt, and an 
Hiniiioniuiii salt. Tlic following method of conducting tho estimation is very simple, 
friit* from errors that might arise from tho carbon dioxide of the air, and very exact, 
iniiHiiiuch as it depends only upon two barium determinations: — 

The precipitation of the sulphuric and cjirlninic acid of tlio sea-water is performed in 
n qruUiatetl litre cylinder, with a quantity of tho reagent which need not be exactly 
laiowii, but should be slightly in excess of that which is actually required. The liquid 
liiiviiig been set aside, out of contact with the air, till tho precipitate Ims completely 
si ltlid down, an aliquot part, ^ 3 ths for example, of tho clear liquid is docantod; tho 
l.iiii'ium contained in it is determined a.s sulphate; and from this tlio quantity of 
liariuui which remains dissolved in tho Inst ^th of tho liquid may lie determined by 
cMlculiition. 

Tlio bjiriuni carbonato is then dissolved by diliilo acid, tho liquid is filtered, and 
tliu lolal quantity of barium dotermined as sulphate. Tho difforenco gives the qunn- 
lily of barium contained in tho solution ns carbonato, and from this the quantity of 
ciirlioii dioxide may bo calculated. 

To avoid loss of cnrboii dioxide and other gases during and after the collection of tho 
sen -water, Himly proposes to add tlie reagent below tho surfiico of the sea; and for 
this ho has devised an apparatus consisting of a cylinder open at both ends, and 
ciipablo of being clo.sed when sunk to tho required depth. For this purpose it is pro- 
vided at each end with a largo stopcock, wliicli can be closed by a powerful spring, 
ivloiiscd at tho proper moinont by moans of an electro-magnet set in action in tho 
usual way. 

On the solul)ilIty of calcium carlionate arid of bone phosphate in water contniiiing 
Ciirliouic acid, seo Caudonates and Phosphates. 

CAUOM’ OZYCB]iOBlI>B, COCP. PhoMene . — This compound is very solublo 
in benzene, glacial acetic acid, and most liquid hydrocarbons. It may bo expelled from 
these liquids by boiling, but never in a state of ^rfect purity ; for not only does the 
(STiiiillest trace of water contained in the solvent decompose an equivalent quantitjr of 
the oxyclilorido on boiling, into carbon dioxide and hydrogen chloride, but the escaping 
oxychloride is likewise contaminated with tho vapour of tho solvent. 

Cold water dissolves about an equal, or at most a double volume of phosgene 
iukI decomposes it very slowly, wmereas alcohol decomposes it immediatdy, into 
hyJrognn chloride and ethyl chloro-carbonate, CO.Cl.O0*H*. Aqueous potash and 
Ammonia absorb it immediately. Very characteristic of carbon oxychloride is the 
hict that, wlicn brought in contact with slightly moistened potassium bicarbonate! it 
iriplcs its volume and the gas then becomes completely absorbable by water ; 

COCl* ■». 2KHCO* « 300» + 2KC1 + H*0. 

No otlmr gns reacts in this manner (Berthelot, Stdi, Soo. Chim, [2] ^li; l4). 

of Liquid Phe^me on Organio oomaxuencifs.-- ^Liquid pho4^rte acts on acotie 
at 110®-120®, forming, acetyl ohloriae: 

CH*.COOH + eOCl® HCl + CO* + CH* COOU 
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ncatocl to 110°-120® for some days with acelmie, it yields a small quantity of a liquid 

boiling at 120°-135°, probably dichlor acetone. 

When 2 mrts of liquid phosgene are heated with 3 parts otpJteiiol to 140®-15()o,iind 
the contents of tho tube are subsequontly treated with dilute sodu-ley, phenyl car- 
lionate iC«H‘')‘CO* is obUiiiiod, as a solid substance which crystiilhses from alcohol 
in needles. If tho heating ho continued for some time and tlio product then ilistillod 
by itself, a pungent-smolling liquid distillate is obtained, which contains plicnyl 
chlorocarl) onato 00.6l.OC«JI\ and when dissolved in anhydrous ether and satu- 
mitod with ammonia gjis, yields phenyl carbamate CO.NtROC*!!’ (T. Kcnipf, 
J)cuL Chem. Gta. Ber. iii. 032, 740). 

Creml reacts with liquid phosgene similarly to phenol ; so likewise does thymol, 
thonMi witli miieli greater difficulty. With Imizow aldehyde .at 120°-1 30°, liquid 
phosgene forms eh lo robe nzyl chloride: C^H’.CIIO + COCl- = CO- + C“ll^ 
CCl^II (Kcnipf, Zeitschr. f. Chem. [2] A'ii. 77). 

Urea heated ivith excess of liquid phosgoiio in sealed tubes to 100° for two days, ig 
'Converted into carbonj'l-diiirca, C*H*N^O® : 

NU=-CO~NII 

NH-— CO-NH-) ! 

I + COCl- = 2HC1 + CO 

CO— NH-J I 

NIF— CO— NH 


By further action of tho phosgene at li>O°-lC0°, the carbon 3 d-diurea is converted into 
hyilrochloric acid, and a crystalline mixture of dicyanic and triej^anic (cyamuio) 
acids. 

By heating hiu ret niid phosgene to 60° for twelve hours, carbonyl-dibiurct 
C^IFN^O* is formed : 

2(NH-.CO.NII.CO.NIF) + COCl- - Nn^.CO.SII.CO.NH.CO.NH.CO.Nn.CO.NIF, 

and by further action, this compound is resolved into two molecules of cyanuric 
acid: 

C«H«N«0> + COCl® « 2HCI + 2C»JFN®0». 

Benzamide and liquid phosgene heated together to 160°-170° yield carbon dioxide, 
bonssyl chloride, beiizonitril and carbon y I -dibonzaniide, C'*1I‘®N®0®, tho latter 
being formed according to tho equation : 

cap— CO-NH. 

2(C»H®.CO.NH-) + COCF = 2HC1 + ^>CO. 

C«H»— CO— 


With in liko manner, carbonyl-diacotami do, C*H'*N®0*, is produced 

(E. Schmidt, «7. pr. Chem. [2] v. 33 ; Chem. Soc. J. [2] x. 718). 

Butlerow lias shown that phosgene gus is slowl}' absorbed by zinc-methyl^ fermiog 
the crystalline compound 2Zn(CH“)*.C®H*OCl, which when acted upon hy wiiter yields 
trimeUiyl carbiiiol. Ho formerly stated also that a small quantity of acetic add is 
formed at tho same time (l5^ Suppl, 406). JIo now finds, however, tliat no ncelio acid 
is formed by tho action of w’ater on this crystalline body ; tho smallquantity formerly 
observed was probably duo to tho decomposition of tho trimethyl carbinol (Zeiteehr, 
f. Chem. [2] vi. 623). 

On tho action of phosgene on anthracene and lenzene, see pp. 83, 131 ; 
etherSf see Cauuoglycoi.i.ic Etubus, p. 254. 

CAABM OXTBUXiPBiaB, COS. According to F. Salomon {J. J. Clam. {2] 

476), the best mode of preparing this gas is to pass a mixture of carbon monOB®® 
and sulphur vapour tlirough a red-hot tulio, and absorb tho gas by nlcoholie jJDftssh? 
from which it may ho liberated in the pure state by hydrochloric acid. 

■ Carbon oxy'sulphido is absorbed slowly by aqueous potash, more quidcly hoif)®^ 
than the vapour of the bisulphide diffiised through air or any other gas. 
and strong^ sulphuric acid react with the oxysulphide nearly in tho same maUBS® ss 
with the bisulphide. Potassium hydrate moisteued wit^ alcohol absor^is 
pounds very quickly; absolute alcohol and liquid hydrocarbons dissolve both of 
in; large quantity. Ammonia either gaseous or in solution is tho best 
distinguishing between tho two. The vapour of the bisulphide mixed with 
remain mixed with gaseous ammonia for hours without producing any disUni^ 
but when tho oxysuiphidei is misted with dry ammonia gas, the sides of thS. V#|i||||r« 
mediately b^me covered with a crystalline crust of ammonium oxysulhsMjHR^i 
hamate, NH®.GOSNH\ formed by direct combination of COS a nd 
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g noons solution of this salt, heated to 100® in a soalerl tube, converted, by separation 
ot ] 1 ' 0 , into ammonium sulphocyanate CNS.NH*. TIio same solution gently heated 
4ith lead carbonate, gives up Il-S and yields urea CN=|I^O ■(Borthelot, Ann. €him. 
rinjs. [4] xxvi. 470). 

8U&PBXSSS. 1. Bisulphide ov Disulphide^ Preparation 

nnd Piirijlcittion. In the manufacture of this compound, the yield depends mainly on 
till) tnmpcratiiro employed. Sidot {J. Pharm. [4] xiii. 239) by passing a known weight 
(40 grains) of sulphur, in the form of vapour, over 10 grams of charcoal contained in 
a norci'lain tube heated to various temperatures, has obtained the following numbers, 
ropresoiiting the mean results of throe experiments at ouch of the temperatures men- 
tionod 

1 . At a dull rod heat, 5 grams of carbon gave 17 grams of carbon bisulphide. 

2. ,, red heat 6'3 ., ,, 29 ,, ,, 

3. „ bright-red „ 7*5 „ „ 19 „ „ 

Those numbers show clearly Uiat, in order to obtain the maximum yield, a 
luMt should be employed, but that it should by no means bo exceeded. In practice 
the variations in tho yield of carbon bisulphide are attributed to loss, to impcit'ections 
ill iippuratus, and chiolly to temperature, whicli is always considered to bo too low. 
Tho above rcBult is due to tho fact already pointed out by Bertholot, that carbon 
hisiilpliitlo imdergoos decomposition t he more coniplotcly tho higlicr the temperature 
to which it is exposed. It behaves, in presence of charcoal, exactly like tho carlion 
oxifio ill Doville’s tlissociation experiments, undergoing simple decomposition, and tho 
Jil)t rated carbon being deposited upon tho heated charcoal. Sidot has miulo a scries 
Ilf coiniiarativo experiiiiouts at different temporaturos, tho results of which show that 
'(koomprsilion takes iilnco to some extent oven at a dull rod heat, but that it goes on 
iiiiic-li more rapidly at higher temperatures; 160 c.c of carbon bisulphide w^ero com- 
jiletcly decomposed by passing six times over 10 grams rif charcoal heated to bright 
rnliicss ill a porcolain tube. 

To pnrify carbon bisulphide, Sidot first distils, uiid then urn bi tes it with mercury, 
till it (;ou.ses to blacken the brilliant surface of tho metal. This latter operation is 
performed as follows : — 600 grams of tho bisulphide, and about tho same weight of 
luoiviiry, are introduccil into a bottle of 600 c.c. capfticity, which is thou agitated for 
fjoine tiiivo. The sulj;)}iide formed is easily removed by filtration, and the mercury 
sepiratod by means of a funnel. The two liquids are then returned to tho bottle, 
mid the agitation is renewed, until tho bright surface of tho mercury is no longer 
tiriiishcd. Carbon bisulphide thus purified is completely free from the fetid smell 
which it generally possesses, and has a pure otlicrcal odour. It is not affected by 
contact with mercury for any length of time. 

Soluhility in Water. — Carbon bisulphide is not quite insoluble in water. After 
scyoral days’ contact at ordinary temperatures, water takes up about 1 port in 1,000 
of its weight of this compound, a very small quantity^ at the same time undergoing 
decomposition. Tho aqueous solution when distilled- ^ves up tho carbon bisulphide 
unaltered, at the commoncemeiit of the distillation. It has the odour of tho compound, 
a slightly burning taste, and does not contain morc than 0 002 gram of hydrogen 
snlpliido in a litre (Sestini, Gasetlachimica italiana, i. 473). 

^Inhility in Alcohol . — Carbon bisulphide does not, as usually stated, mix in all 
proportions, witli common strong spirit, which indeed takes up less of tho bisulphido 
in proportion as it contains more water. It is only with absolute alcohol that carbon 
lisiijphido is miscible in all proportions. These facts affbrd a means of testing tho 
strength of alcohol, as the point of saturation can bo very easily determined, one drop 
of bisulphide in excess producing a milky turbidity. The only precaution to bo 
attended to is to work at a temperature above 16®, because below that point tho 
solubility decreases rapidly witli tho temperature, whereas above it the solubility re- 
mains nearly constant. Thus when a saturated solution is cooled down from + 16® 
to -] 2®, about one-half of tho bisulphide separates out ; at —10® one-third, and at 
+ 10® about ono-fifth. ' • ^ 

Tho following results were obtained ; 10 c. c. of alcohol wero used in each experi* 
the tempemture being 17® ; 

Percentage of Alcohol hy wsighU 

98-6 08 16 OO OlJ 03-64 91-37 84*12 7002 48-40 47-9a 

Cub. cent. (^ CS* dieeolved, 

18-20 13-20 10-00 7-Oq^ 6-00 3-00 2-00 0-2 0 
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By insorting these values in a system of co-ordiaatos, a cum Imvizig the following 
equatioQS is obtained : — 

(^' y^) + + v^*)" + 

when B a= I 065, h « O yS, and o = 0-692. 

On caleiilnting from these equations, y, or the quantity of bisulphide in ebe, dissolred in 
10 cbc. of alcohol of x per cent, by weight, numbers are obtained agreeing nlmosb exactly 
witli those found by experiment. On the other hand, x can bo easily calcula^ when 
wo know liow mucli bisulphide dissolves in 10 cbc. of tlio alcohol to be tested. Alcphol 
wdiich mixes in fill proportions with bisidphido may be considered as anhyiljbhs 
j[Tuchschmidt a. Follenius, Deut. Chem. Gc». Ber. ir. 583). 

" lieactiovB, 1. With the IlydrateB of the Alkaline Earths. — When a mixture of 
water, calcium hydrate, and carbon bi.sulpliido is exposed to the action of sohir light in 
summer, the liquid in six or eight hours acquires a tine ycllow'Jsh-redcolour, and during 
the following niglit depo.sits a few very fine prisms of an orange-red colour, llie 
same reaction takes place in two hours when cfirbou bisulidiido is heated to about 60® 
with milk of lime. Tlie liquid filterofl w'hilo hot docs not deposit any crystals oh 
cooling; hut on adding calcium hydrate to the cooled filtrate, it yields the prismatic 
ciystnls above meut ionod, which consi.stof a compound of hydrate and siilphocarbonate 
of calcium, rupre.sented by tlie formula 3CaII-0*.CaCS* . 7H-0. The formation of the 
sulphocfirbonfite, whicli liow'ovor i.s preceded by tliat of sulphide of calcium, is repre-. 
sented hy the equation, 

SOalPO- + 3CS2 - 2CaCS» -i- CaCO* + SH^O. 


This reaction nffonls a test for the presence of ctirbon bisulphide, 0*5 c.c. of tlio 
compound is suiHcicht to produce it. 

Hydrate of barium acts exactly like hydrate of calcium^ and gives rise to a yellow 
compound which crystollise.s in short prisms. The hy<lrates of strontium and maq- 
nesium likewise act in the same manner (the latter but feebly), but do not yield 
crystallised compounds (Scstini, loo. cit.). 

^ 2. With Lead Acetate. — On mixing 10 c.c. of a saturated aqueous solution of carlwn 
bisidpliide (containing part of CS-) witJi caustic potash, heating to 60®, and adding 
acetate of lead, the liquid yields, after five minutes, a copious black precipitate of 
lead sulphide. The same reaction is still perceptible with a saturated aqueous solu- 
tion of the bisulphide diluted with ten times its volume of water, containing, thero- 
foro, only ^jyi^ pirt of CS« (Sestini). 

3. With Fh(^horus Peniachloride.-^Accovd^uQ to Eathke {Zeitschr. f. Chem. vi. 67), 
this reaction yields phosphorus sulphochlorido and carbon tetracldoride : 

CS* + 2PCP « 2PSa* + CCl*. 


The statement of Carius {Ann. Chem. Pharm. cxii. 193), that carbon sulphochlorido is 
formed lu this reaction, is incorrect, 

^ Solid (? Hydrated) Carbon Bistelphide.^Whcn a strong current of dzT sir 
IS passed over the surface of carbon bisulphide contained in a glass vessel, crusts ol 
the ^liui bed compound form, oven while an immersed thermometer still staxtfb 6t ® 
few degrees above 0® ; the temperature, liowevor, quickly falls to — 17® or — 18% 
White cauliflowor-like masses thou form on the surface, and float ofi the liquidf » 
air-dmiveiy tube also quickly becomes stopped up by the snowy mass. and, '■ 
theroforo be rather wide. In a short time tlio whole of tlio liouid has disanibim^' 


, nuuuucu uu uv wjw BIIOWY mUBS. auU BBOWlV 

Ib^ora be rather wide. In a ehort time tto whole of the liquid haa 
and the Uiermometer begins to rise, remaining constant at about -12®. 

carbon bisulphide and other (to diminish the partial pressure) is 

^ Carres air-pump, it is possible, by vigorous pumping, to 
a i-j w tli® above-mentioned cauliflower-like massis. 

^lid caroon Disulphide retains ite solid form for some time at ordinary 
but gives off a quite peculiar aromatic odour, and is less inflammable th^n in the 
state. It a^rds an easy means of obtaining ice of low temporature in combamti^ 
lam quantity. It is merely necessary to add to water in a Hass dish a w 'wS 

centimeters of the liquid bisulphide, and pass u strong current ofrir thiough 

upon (if a little more of tlio bisulphide bo used, so tliat this also may so 
temperature of the whole may sink to -13®. lu all those experiments 
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tAken to avoid tho continuous inhalation of tho Tn].K>iii' of the bisulpliido ('Wai’tlia, 
J)mU Chenu Ges. Ber. iii. 80). 

Borthelot, by rapid evaporation of moiat (^irbon liisulpliidc, o1)hiined a eryntalliiio 
substHnee which ho regarded as a hydrate of the bisulphide ; and Duclaiix afterwards 
ussig/iod to it tho composition 2CS-'.H»0 {Ut SuppL 410). Itallo {Deut, Chem, Ges, 
Jier. iv. 118) regards tho solid substanco obtaincKi by Wartlia also as a hydrate. IIo 
put some carbon bisulphide into a shallow vcssol, and directed a current of air on it, 

80 as to strike tlio sui'faco at an acute angle; urith undried air, the formation of a 
gnowy solid was particularly observed at the prnnt where the current divides the liquid 
like a wedge, while a general formation of Hikes took place in the rest of tho liquid. 
Air, dried by calcium chloride, gave no formation of snow ; or at most, a very slight 
formation. Some of tho snowy substance was freed from liquid carbon bisulpliide by 
a current of air, and the amount of water deti^rmined by Duclaux’ method. Three 
experiments gave 17*3, 36*14, 27*09, as tho percentages of water. Hallo nganls tlio 
possibility of formation of ice from excess of moist air, or of loss of carbon bisulphide 
during the purification, as sufiieicnt to account for tho variable numbers. 

To ascertain whether water is really necessary for the formation of thci solid sub- 
stancQ, ho directed tho air-curront on tlio bisulphide covered with a layer of ahsohito 
alcohol, so that tlio air on reaching tlio bisulphide was thonmghly dried ; in tliis case 
tlie snowy substance was not formed. He concludes from this that water is necegsary 
for tlio production of this body, and regards it as a solidified solution of liquid carboii 
bisalphide in water, or of water in carbon bisulphide. 

.Sujoliclyi a. Hallo {ihid. iv. 160) Jiavo tried tho effijct of a current of moist air 
directed on tJio surface of chloroform and ethyl iodide. Tho same formation of snow 
w:ia ol)serv'cd, as in Ihillo’a exporimonta with carlsm bisulphide ; the chloroform snow 
was shown to contain water and chloroform by melting in a test-tube. In the case of 
i'liloraform the temperature fell to —13®, in that of etliyl iodiile In —9°. 

Wartha (iAid, iv. 180 and 221) regards the oxporimoiits of Hallo as inconclusive. 
IIo niainiains that in his own experiments tho .solid bisulphide was obtained bydiract- 
ing a current of <?rv air on the surface of tho liquid in a manner which altogether 
prevented tho admixture of frozen atmospheric water witli the solid bi.sulphido,.nnd 
attribiitos tho non-formation of the solid when a current of air was directed on tho 
liquid bisulphide covered witli absolute alcohol, to tlie fact that tho temperature 
iitlhis experiment fell only to —11*5®, whereas the solid bi.siilphido molts at —12® 
10-13°. 

In reply to these observations. Hallo (idid. iv. 294) states that ho did not observe 
any formation of tho solid substance, oven when tho temperature of tho above liquid 
was lowered to —18®, which can bo effected by cooling the bisulphide and alcohol with 
a mixture of ice and sjilt, and nt the same time directing tho air-blast on tlio liquid. 

If a layer of water be substituted for tho alcohol, tho formation of tho hydrate of 
carhnii bisulphide takes place at a temperature much higher than —18®. 

The crystalline compound was likewise formed when air saturated with vapour of 
carbon bisulphide wns passed through a tube cooled by a freezing mixture to — 15° ; 
iio cxystals were obtained, however, when air dried by calcium cliloride wns employed. 

Biillo further remarks, that tho solid substance obtained by Wartha by the suddon 
evaporation of a mixture of carbon bisulphide and other by moans of the air-pump, 
lias not boon shown to be free from water. 

5. Ventaouboit Slsulplildef C*S* (?).— A* substance having this composition is 
formed, according to L. Haalo (B. ffeperi. PAarm, xix. 449), by l^e action of sodium 
on carbon bisulphide. Tlie sodium becomes covered with a black easily separable 
crusty which dissolves with red colour in water, and on treating the solution witli 
chlorine or with an acid, a yellowish-brown, and afterwards a r(3-brown precipitate 
IS formed. This precipitate dissolves in alkalis, ammonia, baryta-water, nitric acid, 
^Qoa r^ia, potassium cyanide, and sodium sulpliate, hut not in carbon bisulphide, 
■ilcoliol, or ether. It begins to molt at 136®, and if then loft to cool, forms an amor- 
4 + resinous, brittle mass, translucent with red colour on the edges. 
At, 150® it decomposes, omitting extremely fetid yellow vapours. It gave by analysis 
4773 p.c. carbou and 52*27 sulphur, tlio formula C*S* requiring 48*38 and 51*62. 

®A*BOir ainUNIOBMMXDat CSBr’, appears to bo formed as an intsr- 
weciiato product in the preparation of carbon tetrabromido by the action of bromine 
ind bromide of iodine m wbon bisulphide (p. 266). On pouring the produet this 
Action into water, ^Umving the'iodine and excesi of Ivotnino byoj^utious od^^on of 
mute soda-solution, taking care that the liquid never became aUm^e (otheiwise : 

tetrabromide would have been obtained), a slightlyHiolottrediJheaYy oil 
^F^ted^ which^ when dried bj cakinia c^oride and fubmi£^ to 
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tioji, pas8od over for the most part between 150° and 160°, though with considerable 
decomposition. The portion boiling at 165° gave 7‘81 p. c. sulphur, whereas tho 
formula CSBr* requires 16‘69 p.c. ; lionco it would appear that the oily liquid consisted 
of carbon sulpliobromido mixed with the tetrnbromido. The sulphobromido sinells 
like the corresponding sulphoehlorido. Heated with excess of soda-solution, it is com- 
pletely convortod into tho tetrabroinido (Bolas a. Groves, C/tem, Soo. J, [2] x. 78), 

CABBOar aVUBOCBliOBZlIBS. — Sidphocarbonyl chloride, .. CSCP, tlio 
nnnlogiio of phosgene, was discovered by Kolbe, who obtained it by the action erf dry 
clilorino on carbon bisulpliitlo (Isl Sup^-. 777)- Anotlior sulphoehlorido CSCl*, which 
may bo rcganlod us pui-cliloromothyl-mercapt^iu CCP.SCl, is formed, together with 
tricliloronjctliyl-snlplmrous elilorido 001*80=* (v. 669), by tho action of moist clilorino 
on Ciirbou bisulphide, or by digesting tho Insulphido for several days with a mixture 
of mangaiioso dioxide end hydrochloric acid ; the action may bo considerably assisted 
by addition of a little iodine ; it is then completed in a week. On distilling the pro- 
duct, a yellow oil passes over, partly with the aqueous vapour, and afterwards trichloro- 
mctliyl-sulpliurous cliloride solidifies in tho receiver. Tho *>il dried with lime and 
submitted to fractional distillation, yields, below 80°, eirbon bisnipliido, carbon tetm- 
chloride, an«I a small quantity of eulphoc:irbonyl chloride, and between 80° and 140° 
a mixture of the preceding products witli anoiltho greater part of which distils between 
H0° and 150°; and from this by further fractionation, pcrchloromothyl. mer- 
captan CC1*S, boiling ut 147° (com) may bo isolated. This coii 4 N>uncl has a golden 
yellow colour, and a puTigont, tear-cxciting otlour like that of sidphocarbonyl chloride. 
Uy moist air, and more quickly by heating with w'ator, it is decomposed in the muimtT 
represented by the equation ; 

CSCl* + 2IPO « CO® + 4IIC1 + S; 


similjirly by aqueous potish or amnionia; in tho latter case ammonium sulphocyanate 
is likewise formed, together with a small quantity of :i compound not yet examined, 
containing sulphur and nitrogen. Wlicn left for two or three weeks in contact with 
nitric acid (sp. gr. 1*2) it is converted into trieliloromcthyl- sulphurous chloride. Solution 
of potassium iodide acts upon it oven in tho cold, with evohition of gas, separation of 
iodine, and fonnutioii of liydriodic acid and a yellow glutinous solid hotly. Hentfid 
.to 200° it IS resolved into cjirl^n totrachloride, together with small quantities of 
fllilphocarbonyl eldoridcaiid sulphur chloride (Ratlike, Z/mf. Chem. Ges, licr. iii. 858). 


Ammonium Carbonates (Hivers, Chem. Soc. J. [21 viii. 
171).,^ There are three, it not four, true carbonates of ammonium: tho normal 
or dianimonic carbonate, tho acid or monammonic carbonate, tho half-acid 
ainmomuin carbonate, and jjrob.ably a hypor-acid carbonate which Koso obtained 
crystallised from aqueous solution. 

The 7tormal carbrnaie appears to Imvo been obtained by Dalton, but his account of 
It IS imperfwt, .and hns boon eitlicr ignored or discredited bv other chemists. Its 
procluctiOTi in the solid shite presents no difficulty. It may bo prepared in largo 
crystals by adding ammonia to a warm concentrated solution of the (binary 
carbonate, provided that an excess bo added and not merely the calculated quantity «» 
clircctcd .)y Dalton— tho presence of the ammonia serving to diminish very consider- 
ably jrs solubility. Aiiotlicr mothoiliif preparing it, also in largo ciystals, 'is to warm 
some water repeatedly with fresh quantities of tho ordinary carboiiato. and aHawtho 
solution to cool and cr^-stalhse between the additions of tho carbonate, until the cold 
motfier-liquop from tho l.'ist crop of ci^'stals, on further standing, forms mstalsof 

consist of add carhoniito, 

aniUhe later oucs of tho half-acid carbonate. Tho cold mother-liquor yieldJai': the 
horinal carbonate on standing has boon ascertained to be a solution of enrmmato; acod 
this gradually becomes converted into tho carbonate. Tho normal carboiUitd dftti also 
bo obtained in several other w.-iys. waiuuuawu • . , 

It forms elongated plates or tlattcncd prisms, which decomposo terr rapidly on 
oiptwuro into ammonia, w-ntor. and tho acid carbonate. Its coi^sidini is exortlW 
by the formula CO»(OH')‘(NII*)* . CO*(NH*)« OH* or It IfmS/ 

solublo in water, insoluble m alcohol, and only sparingly soluble in amw^nni^ wntcr* 
“""j ^'T concentrated eolntion of ammonia at i 

of 20 -26 in a dosed ressel, it is Rradnnlly dissolved and converted into . 

I)rilliant crystals when the solution is olltntrf 
Thte ha/f-^cid car^aU contains only four atoms of iimtesd 
iirhOrto sunixiscd. its formula hninor /r'n2\i/nu3WKTTT9\A ^ 


already desenbod of dissolving at a gentle heat suocessive of ' ^ 
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rarLonJito in tho same quantity of water until the crops of crystals obtained cease to 
consist of the acid carbonate. There are also other now ways of obtaining it. 

There are sovcral reasons for supposing that the formula of tho acid carbonate ought 
to bo (CO-y-COH^WNH**)® instead of tho naif of this — tho formula usually giyon to it. 
Tho relations of tho three carbonates are exhibited in the following table : — 

Normal enrbonato (CO-)“(OH2)<(NH*)« 

IlMir-add (C02)*(0H*)<(NH») 

Acid „ ..... (CO=)«(OIl*/(NH*)* 

Bose's hypor-acid carbonate probably forms tho fourth member of this series. 

A normal ortliocarbonate, CO^(NH*)\ appears to exist; for the commercial carbonate 
mother-liquor which has just deposited tho half-^acid carbonate, contains more tlian 
2 mols. of ammonia to one of carbon dioxide, and must therefore, in all probability, 
ho a solution of tho half-acid (mota) carbonate and the normal orthocarbonate. 

When any of tho true ammonium carbonates or the commercial carbonat.o are 
distilled, not too slowly, tho principal product is the substance (CO*)*OH‘'(NH»)* 
identical with tho carbonate now occurring in commerce. When first obtained it is 
always moist from ailhering water. In a dity or two this moisture becomes combined 
with the cjirbamate of the salt, ami often beforo doing so it serves to fix a little 
ammonia upon tlio acid csirbonato of tho salt. Tho pcr-contngo numbers given by 
analysis, and certain of its reactions, place beyond doubt tho correctness of the above 
f(»riiiula for tho commercial carbonate, although it contains 1 p. c. or so of water in 
oxcesH, and often also a very little ammonia from the cause just stated. Besides the 
fact, that a body of this composition is formed under a variety of conditions, there is 
miolher 8er\'ing to establish that the commercial carbonate is a single substance. 
Tin's is that acid potassium carbonate appears to combine witli ammonium carbamate 
und form a eonqiound analogous to the commercial carbonate of ammonia. 

When sal-ammoniac and chalk are distilled togolhor, tho products are not those 
(^tntud in tho text-books, natnely, ammouia, water, and tlio carbonate of commerce, 
liikb water and ammonium carbamate. Tho production of the commercial carbonate 
occurs during tho re-distilhition of tho crude cake. E.!). 

Calcium Carbonate. — ^Experiments outlie dimorphism of this compound have 
been made by II. Crednor (Jahrhiich f, MimralogiCf 1871» 288), from which the follow- 
ing results are deduced : — V 

1. From n pure and cold solution of calcium bicarbonate, when saturated or moder- 
ntely dilute, the normal carbonate separates at ordinary temperatures as calcspar, in 
tho form of the fundamental rhombohodron ; from moro dilute solutions as prismatic 
aragonite. 

2. Tho calcspar deposited from a cold solution of bicarbonate to which potassium 
silicate has been added, is remarkably transf^rent, well defined, and exhibits numerous 
faces. Crodner had previously noticed that it is from association witli apophyllito that 
certain colcspars of Andrensberg and Lake Superior derive Uieir complex form. Similar 
results are obtained wlien sodium silicate or a mixture of the two silicates is used. 

3. From a cold solution of the carbonates of calcium and strontium in carbonated 

water, the two being dissolved together, aeicular or prismatic aragonite separates, even 
vlicn tlio solution is moderately dilute. Calcium bicarbonate, to which strontium 
bicarbonate has been added, ox* introduced by dialysis, gives aeicular and wedge-shaped 
aragonite, accompanied with crystals of cal^par, the latter increasing in number as 
tho admixture of strontium is reduced. Tho spectroscope shows tho presence of a 
traco of strontium in the aragonite; in short, sudi results place it almost beyond 
doubt that a trifling proportion of strontium is of influouce in the formation of aia- 
gonito. • 

4. The addition of a solution of gypsum to cold bicarbonate disposes a portion of the 
latter to take the form of ara^nite, 

0 . In presence of a sufficient quantity of load salt, calcium carbonate crystal- 
>«os lu the form of aragonite. This ‘Is seen in nature in the case of tarnovieito. .If, 
owever, tho amount of lead Carbonate present is small, tlio calcium carbonate sepa- 
fites as calcspar, with greater numbers of faces. 

ine general conclusions deducible from those observations ore: — I. The addition 
jiFi bodies to a solution of a mineral substance exerts an influence on tho form 
Clumber of faces of a cxystal deposited from it. II. By the presence of certain 
solution, one and tho same mineral substance may receive an impulse to 
cold different mineral species. III. Calcium carbonate, which, sepaiateff from 

d, pure, and not too dilute solutions of the acid carbonate, os calcspar^ is depefsited 
wiy in the form of aragonite, oh the addition of trifling quantities of lead carbonate,, 

' snlphate, or shxxntinnk carbonate* IV, Differences in tempefatuie and’ degtee 
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of concentnition of solution aro not tho only caiisca of the dimorphism of calcium mr 
bonato. 

Hydrated Calcium Carbonate, CiiC0*.6lI-0. — Crystals of this hydrate, nrJiicj 
Polouze obtained from a solution of lime in sugar- water, and Salm-Horstmar ob8or\'e,! 
in a water-pi po (1«^ Suppl. 781), have also boon found attaehod to confervso in a pond 
This hydmtois distinguished by losing its water at tomporaturos abovo 15® evonulieii 
immersed in wator (l&mmelsbcrg, J)eut. Chem. Ges, Ber. iv. 469). 

On tho solubility of Cnleiuin Carbonate in Carbonic acid wator, sco Sehloosiiifr 
{Compt. rend, Ixsiv. 1152 ; Ckcm, Sue. J, [2] x. 788). ® 

Sodium EflBorescences, called by tho natives CcoUpa (pronounood 

Koichpa), aro deposited in dry places in the bed of tlio Rio do Hualiin (Argentine 
province Csilanisimi) which flows from tho Sierra de Galampajd, especially in winter 
when the stn^.im is slow ; tliev aro used by tho natives for washing and for makinc 
soap. A specimen which had been kept for four years in a corked bottle cavG hJ 
analysis 21*475 p.c. IPO, 24 142C02, 25*985 Na-'O, 0*538 K»0, 6*307NaCl, 1*024S0> 

5 788 clay and sand, and 0*554 organic matter, with traces of magnesia and lime' 
mimbors which, neglecting the sodium chloride and other extraneous matters, load to tho 
formula Na’CO* + 21PO. A recent specimen, on tho other hand, cave ' 31*934 
IPO, 23*939 00% 34*647 NiPO. 3*484 NaCl, 0*845 SO*, 0*264 MgO, 4*402 cl.ay jxnd 
sand, and 0 089 organic substance, leading to tlio formula Na*CO* + 311*0 fSchipV«n 
danlz, Ann. Ch, Pharm. civ. 350). t^cuicKeo- 

CABBOHYA CBBOBOYBATIBlTBi See Platinum Compounds. 


^NH(COCH*) 

CABaomrMXACBXmzaa, C>n‘N<0> - .is formed 

^NH(C0Cn») 

by heating acetamide to 50° with liquid carbonyl-chloride. 


2C0/ 


NIP 

'cn* 


+ COOP = 2HC1 + CO^ 


^NH(COCH>) 
•1IH(00CH*)’ 


**'/^^***^*® noodles; vatcr and alcohol dissolve it, but slowly in the 
cold, freely at a higher tompemtnre. It molts when heated and sublimes without 
deeompwition By boiling with concentralod acids it is decomposed into nmnionh 
and acetic acid, and when ^ilod for along time with potash-solution it yields carbon 
dioxide and acetamide (h. Schmidt, J, pr, Chem, [2] v, 35). ^ 

CAXBoim.]»ZBwrxAMn>a, C'H'WO’ - 

. 1 . ^NH(COC*H‘) ’ 

T? ““""or when phosgene and benzamide are heated together to 160®- 
iilL' n *“ ““d ci^talUscs in fine 

onm- . ^ ^ 

r 1 . r . ^NH,CO.NH.C0.1IH» ’ 

formed by heating biurot with liquid phosgene to flO® for twelve hours : 


2NH- 


^CONU* 

CONII® 


+ COCP = 2UC1 + CO; 


,,NH.CO.NH.OO.Nn» 

''NH.CO.NH.CO-NH*’ 


in powder, which is a little mow solnWe 

vvv.'’”T’ ’’"S '""“iBWe in alcohol. It is solnble ia altah's 

^mmS^^a^d T H decomposes into Sn ditSaa 

ammelide is left Miind.®^ ““** “ ““Coining urea, cyanuio odf aad 

if 

*oa.%e.and oyanuric aci^ >rhil.rwhen boiM 
dioxide, cyanuno a«d, and urea. Like carbonyl-nwa inSmwIni^lv 
o«de; the compound CH^NW.SHgO ie a white ^ 
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Bv the further action of phosgene upon carbonyl-dibiuret, it is resolved into two 
mols^fcyanuricacid: -H C001» « 2HC1 + 2C»H»N*0». (Schmidt). 

CARBOmrXi-VSB/i. or CAKBOarn-BXCASBAlttZlIB. O^H^N^O » 
.NH.CO.NH* 

CO^ 1 obtained by heating urea with excess of liquid phosgene to 

"^NH.CO.NH* 


100° for two days : 

2CO<^ 


NEP 

'NH» 


+ COCl* » 2HC1 + Co/ 


NH.CO.NH* 

'NH.C0.NH* 


It is a bulky wliito powder composed of microscopic needles, very slightly soluble in 
cold, inoro freely in boiling water, almost insolublu in cold alcohol. Heated on plati- 
niim-tbii, it is rcsolvod into ammonia and cyanic acid. When heated slowly in a test- 
tube, it yields ammonia and cyanuric acid. It is soluble in concentrated acids, but 
does not combine with them. Neither docs it form compounds with salts or bases, 
with the exception of mercuric oxide. The compound C"lI'‘N^O*.HgO is obtained us a 
crystalline precipitiLto, which is insoluble in water, and dccomposofl by dilute acids. 

*Ciirbonyl-urca is further acted upon by phosgene when the two substfinccs are heated 
up to loO^-lGO®, hydrochloric acid being formed, together with a crystalline body, 
which is a mixture of dicyanic and tricyanic (cyanuric) acids (Schmidt). 

CABBOTBXA&Bnraf —This compound was obtained by Liebig a. 

Rcdtcnbachcr by the action of carbon bisulphide on aldchydo-ainmonia (1^^ Suppl. 
802). It cannot be crystallised from water or alcohol, but is deposited in magnificent 
cr)’stals from solulioii in concentrated aqueous ammonia. It is decomposed by iodine, 
uit mus acid, and mercuric chloride, yielding aldehyde, carbon bisulphide, ammonia 
and anmionium sulphocyannte. When 1 mol. mercuric chloride is hpated with 1 mol. 
curbotliialdino in aquoous or alcoholic solution, the whole of the mercury is quickly 
]irecipitated us sulphide, while aldehyde, sal-ammoniac, hydrochloric acid and sulpho- 
cyanic acid are produced. Hut when a lai^ excess of mcrcurie chloride is used, a . 
white precipitate is formed which becomes crystalline on boiling, without the produc- 
tion of a traco of aldehyde. 

CARBOZAMSBOBSmozo AOZB. See Bsnzoic Acid (p. 166), 
CABBtZirfl. See Cociunxal. 

CABirzil'Bp C’H*N*0®. Weidel {Ann, Ch. Vhann, clviii. 363). — A base obtained 
fnini extract of meat, of which it constitutes about 1 p.c. To prepare it, tho extract 
is di.s8olvcd in 6 or 7 parts of warm water, and carefully precipitated with strong 
baryta-solution, avoiding excess : the mass is filtered through a linen cloth, and tho 
liUrate precipitated by basic lead acetate. A load-compound of carnine is thus tbroAvn 
down, and being soluble in boiling water, can thus bo separated from the other 
bodies likewise precipitated. Tho aqueous solution thus obtained is decomposed 
while boiling with hydrogen sulphide, and tho filtrato from tho load sulphide is ovajxi- 
rated to a small bulk and separated from a crystalline mud, sometimes deposited on 
standing, and due to tho presence of variable quantities of sodium chloride in the 
extract employed, whereby ultimately more or less hydrochloric acid is formed in tho 
crude carnine solution : tho liquid portion wr^ecipitated by strong solution of silver 
nitrate ; and froin the mixed silver chloride iiUid silvor-compound of carnine thus pro- 
‘luced, the former is dissolved out b^iluted ammonia-solution, the latter being almost 
iiisoluhio in tiiat medium : finally, tm silver componnd is washed with boiling water, 
uocompoBcd by hy^ogon suljphide, and the filtrato decolorised with animal charcoal, 
a considerable portion of carnine being, liowever, absorbed by the charcoal. From the 
^)iourlogg aqueous solution thus obtained, enmino crystallises on cooling in chalk- 
nite druses and friable groups of extremely small irregular cxystals, containing 
(C'H-N^O*. H*0) which is given off at 100®. 

I no hydrochloride C’HWO*.HCl is obtained in needles on cooling the hot solution 
j'***™.*^® strong hydrochloric acid; these needles, freed ftom uie mother-liquor 
itt redisBolved, do not again make their appoaranco, a mud separating, which, hbw- 
or, on standing, again becomes perfectly convertetl into needles ; the salt is anhy- 
arous. The plaHnoo^oride has the composition 2(C'HWO».HCl).PtCH. 
n-liVi nitrate throws down from a carnine solution a flocculent white precipitate, 
insoluble in nitric acid and is ammonia, and whon dried at 100® has the 
ouft ^^^'**** » theobromine, which difibrs from cwhihe by^ly 

yield an analogous body, its silver compound peihg 
Jt AgNO* ; sBxcine, on the other hand, yields the compound CI*H*N^.AgNO*. . 
oncontrat^ hydriodic acid does not miice carnine to theobrqimixie ; neither dobs 
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long boiling with baiyta-water produce any change (no^ammonia or methvlamlne is 
oTolved, anil unaltered carnine is found after precipitating tlio baryta with curl^nic 
acid). 

Witli brnmlno-water in slight excess on the wator-bath, carnino gives a slight 
evolution of gas ; after evaporation, cjystals of the hydrobromido of sarcine separate, 
from which alkalis precipitate the base ilsclf, soluble in excess, but nearly insoluijlo 
in cold water, irrom analyses of the base and its h^^robromide, and from its propertios, 
it appears to bo identical ivith Strccker*s sarcino (v. 196), the only observed diflKiroaco 
being that, whereas Strecker states t hat his sarcino is not precipitated by basic lead 
acetate, the base obtained as above is precipitiiblo by basic lead acetate, though not 
by neutral lead acetate, or even by the basic lead salt in presouro of tlio neutral salt. 
Strccker’s statement is, however, in contradiction to tlio fact that Stadoler also has pre- 
pared sarcine from the basic lead precipitate from flesh, liver, &c. 

Ordinary nitric acid, heated with carninc, gives rise to a violent action, ftpm the 
product of wliicli tlie nitrate of sandno is obtained on cooling: oxalic acid and an in- 
distinctly crystalliuo yellow body are aLso proiluced. 


N' 


-ON 

-Oil* 


Sarcino bi lng considered as a iirea-dcrivativo 


CO 

I 


caviiiiic may be regarded 


N' 


CIt* 


— CN 


as either 

^ OH(OII) 

or CO I 

I _CH’-CH(OH) 

GN 

find the production of sarcine from carnino by bromine appears to be iu acoonhince 
with the equation 

C’H^N^O* 2Br = C»H«N<O.IIBr + ClPIlr + CO'-. 


oil-— 00(011) 

CO 

I _cip— cu» 

^ --CN 


Bromacctic acid might possibly be formed at the same time ; blit this body was not dis- 
tinguishable in the ethereal extract obbiincd with tho product of the action of lurominu. 

When sarcino i,s heated w’ith fresh ehlorino-watorand a trace of nitric acid, and tho 
solution is evaporated on tlio water-bath to dryness, and placed in an ammonincftl 
atmosphoro, a aark rose-red tint is produced ; cfimino gives tho same reaction, sarcino 
being previously formed. 

Tho barium precipitate obtained in the method of extracting carnine from meat-ex- 
tract, AS above described, is principally phosphate and sulphatu ; tho portion of tho le^ 
precipitate insoluble in water contains inosito, a little lactic acid, and some succinic 
acid ; and especially an amorphous extractive matter, part of which only is soluble in 
alcohol.^ The filtrate from the original lead precipitate yields, when evapotfttedj a 
crystalline load lactate, and the filtrate from this, whon evaporated, yields muchcrestino 
uith a littlo creatinino, the mother-liqti|||lOf which contains considerable quanlitie* of 
glutinous .and doxtrin-like substancesj ^ 

Doses ^ ^ to 2 decigrams of carnine and its IjKdrochloride appear to have a slight 
effect on the nervous system, a slackening of puldiou being tho most marked sym^om. 

See Oils, Voiatilk. 


CdfkBSlVa See Pjxotkius. 

OXlia See Oils, Volatile, 


CMYOR on. This oil rotates a ray of polarised light. 10 p. c. 
pure Italian and Ostend castor oil in absolute alcohol gave, as a mean result, 
deviation of 10® to the right, which gives as tho spocillc rotatory power of c^tpr 
^2'lo . ^ This behavioiir of castor oil may bo used as a test of 
although the specific wtiitory power is too small to allow small quanaties^*^*^.' 
tion to be dotoctod. Castor oil also contains a constant quantity of 
may bo duo to the presence of an alkaloid. It is possible inde^, thafc t/ 

pnT^tivo properties, but also tho circular polarisation, are due, not; 
but to the presence of Uiis alkaloid (Popp. Arch, Phartn. [2] 

OAMATCW. pis substance, extracted fi»m 

(Is^ Suj^, 817), and by thorn regarded as the active priumplCi 
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lately been examined by Bqjffgoin {Compt. rend, Ixxiii. 1449), who finds that it is a 
mixture of three distinct substances, viz.:— 

1 . Chrysojiihauic Add , — Obtnined by exhausting crude cathartin with ether; it is 
present but in small quantity in sonna, but may bo nt once rendered evident by the 
I'orniation of a characteristic rod colour on the addition of ammonia to an aqueous 
infusion of the leaves. 

2. A ikxirO’Totatory Glucose . — Cathartin freed from tlio above acid yields with 
vjiter a limpid solution, possessing the following properties: (1.) It ferments in con- 
tact with yeast, giving carbonic anhydride and alcohol. (2.) It reduces a cupro- 
potassic solution. (3.) Freed from chrysOphanine and colouring matter, it rotates a 
r.jv of polarised light to the right. This glucose may bo isolated by precipitating 
Avitli basic lead acetate, and evaporating to dryness after removing the dissolved lead. 

3. Chiysopha7ime . — Obtained by adding load acetate to a strong infusion of senna, 
iifter the removal of the mucilaginous matter by alcohol, decomposing tho precipitate 
Tvith hydrogen sulphide, evaporating tlio liquid to a syrup, treating tho 83 rrup with 
alcohol, dissolving the residue in water, rcprccipitating with alcohol, and then drying 
over sulphuric acid. Thus obtained it is almost white. 

CBUV&OSB.' Tho solubility of tliis substance in ainmoniacal copper-solution 
has been made available for tho preparation of water-proof paper, artificial wooden 
ulAb.s, &c. 

Wlicn linen rags or wood sawdust are fully dissolved in ammoniacal copper-solution, 
and the solution then allowed to evaporate to dryness, a semi -transparent, brittle glass 
is loft. Hut if the action of tho solvent be prevented from effecting more than a com- 
mencing siiperficia.1 solution, in which tho fibres maintain their original form and dis- 
poaition, a very tough material is obtained. A sheet of piiper, left only an instant in 
tlifj ammoniacal coppcr-soliillon, and then passed between rollers and dried, becomes 
quite impervious to water, and does not lo.so its power of ..cohesion at the boiling heat. 
Two sheets of paper thus treated adhere firmly together, and form one piece, and by 
treat iiig a largo number of sheets of paper in tho same manner, artificial boards aro 
produced. Linen pieces thus treated furnish a very elastic material of groat cohesive 
jiawcr. Hy treating linen and paper together in this manner, a material is obtained of 
great firmness and strength, which is said to be well adapted for making roofing tiles, 
gas and water pipes, articles of clotliing, and oven for boats [Vhigl, pdyt, J, cciv. 614). 

Animal Schafer (Ann. CA. Pharm. clx. 312), from his analyses of 

llin mantles of tlio Tyrosomidte^ Sedpida, and Phalltida ma??iillaris, finds that tho 
l i llulosn, or tumcin (v. 918) derived from them is identical with vegetable cellulose. 
The mantles, after bein^ boiled in a Papin’s digester to remove chondrigen, were treated 
M'itli dilute hydrochloric acid to remove tho inorganic constituents. These consisted 
<»f ralcium sulphate, sodium sulphate, and traces of iron, calcium carbonate, and calcium 
phosphate. Tho mantles were then boiled for several days in a saturated solution of 
caustic potash, and subs^uently w'oshod with alcohol and water. Tho mantles so 
treated retained their original form, but had become transparent like glass, but not 
homy, ns Beithelot found in Cynthia papillata. The substance thus obtained is quite 
freo from nitrogen, and contains 44‘09 p. c. carbon, 6*30 hydrogen, and 49*61 oxygon. 

AN ith iodine and sulphuric acid it gives a violet colour like vegetablo cellulose. It 
IS soluble in nmmonio-cnpric oxide, from which it is precipitated like cellulose by acids, 
iiie pridpitfito is soluble in dilute hydrochi||||B^^ and gives the cellulose reaction 
witJi lodiim nnd zinc chloride. It is converfiP! into sugar by prolonged heating with 
< uuto sulphuric acid in closed tul||k Like vegetable cellulose, it is converted into 
.iction of fuming inlRi acid. Tho mantles so converted into pyroxylin 
p am their form, Imt ore veiy bnttle. They are soluble in ether, which on evapora- 
mn loaves a film like tho ordinary collodion film. These reactions leave littio doubt 

lUe complete ident ity of animal and vegetable cellulose. 

n cement for broken glass and porcelain basins may be pre- 

witwi. ^ ounce of isinglass in distilled water, then pouring off the 

V*'?! much alcohol ns just to cover tho isinglass, the solution being 

if ill ( ^ ^ an ounce of mastic is then dmsolved in three, quarters 

Pun, • alcohol ; the two solutions are mixed ; a quarter of an ounce of powdered 
Watcp-l add^ ; and tho mixture, after being well shaken, is evaporated in a 

A ffliio- of stroug glue, The cement thus prepared is poured into 

iu8t to a J«llyf and is then ready fbr use. It is wanned 

iurfaoA ^ ** applied irith a br^ to the p^ectly clean, warm, ^cibur^‘ 

•^“tf«co;,tiiH«6nsm24W(XWwy^ 

Hfhanltc Lhne^ and Chnc»i/#c*B(«iiau wd TPrtlaad Cemwto aw ccimppunda ^ 
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^umina, lime, and silica in closer or looser combination according to the iemperature 
at 'which they have been burnt. Besides the consUtuents above named, magnesia, 
potash, sodji, and generally sulphuric and phosphoric acids are also present. Of these 
subsidiary bodies, sulphuric acid (as gypsum) is so hurtful to tho quahty of the csenient, 
that if a sample contains any cons ulcrablo quantity even 3 p. c.—j-it sh<mld be rejected, 
Tlio gypsum is burnt dead at the temperature employed in making the cement, and 
does not combine with water until after the rest of tho mass has hardened, and then, 
as it slowly takes up water and expands, it causes the whole to crumble. Much mag- 
nesia seems also to injure the quality, hut a moderate proportion of soda improves it 
(C. Bender, Drngl. pntyt. J. cci. 254). , . . i i « 

Wartha {ihid. ccii. o«7) found that the hardening power of a natural hydraulic 
lime, made from a soniewliat siliceous marl, was not impaired by mixing it with even 
15 p. c. of nearly pure unslakcd lime, but that when ferruginous silicoouB lime was 
added, the ninss, sifter binding, fell to powder wdien immersed in water. This effect 
appears to bo clue to tlio circiimsLinco that the sinking of tlic impure dcad-bm-iit lime 
docs not take place till after tho ecmciit has set, and that the consequent swelling 
causes tho mass to break up. 

According to Knapp {ibid. ccii. 513) the hydraulic properties of a cement depend as 
much on its mcchauieal state as on its chemical composition. Schott has shown tliat 
tho coarse, sandy parts of PortlaiKl cement have but slight power of hardening umlor 
water, but if th«‘y bo rubbed to a fine powder, this powder exhibits all the properties of 
tho original fine cement. 

TIus so-called Scotfa Cement. —It was observed some years ago by Captain H. Scott 
that quicklime heated to redness in the vapour of burning sulphur lost its power of 
slaking, but awiuired tlio propert y of .gradually hardening when stirred up in \v;iter. 
F. Schott {Bingl. •polgt. J, ccii. 62) has examined tho mode of forniation of tho cement 
thus produced, with the view of detcu'miniiig the nature of tho compound formed, anil 
the best mode of preparing it. Ills principal results are : tliat cold dry lime does imt 
absorb cold dry sulphur dioxide, but that :it a reel heat complet e absorption takes plnoo 
without evolution of gas ; tJiat when sulphur dioxide is passed over red-hot limo con* 
tallied in a tube, combination takes place, attended witli evolution of light and liont, 
tho product being a mixture of sulphate and sulphide of calcium, with excess of limo 
iu uncertain proportion ; that wlion calcium sulphite is heated bo moderate rodnow, it 
is resolved into siilpliato and sulphido, according to the equation 4CftS0® « 3CftS0* 
+ GiS, forming a mass devoid of hydraulic propert ies, but that W'heii boated to white- 
ness it sinters, loiiving a mass containing only about half tlio sulphur required by tlio 
above formula, aiifl capable of hardening under water. 

A ra{i.ss having all the properties of tScott’s cement may bo prepared by strongly 
igniting a mixturo of gypsum and lime, in the proportion of 2 mols. of the former to 
3 mols. of the latter. The cement so formed is tho better tho higher the temperaturo 
at which it has been formed, and the less calcium sulphite it contains. 

Cemnt-stone found near Jena . — This stone, which is largely used for tho manufjw- 
tiiro of cements, contains about 90 p. c. of matter, chiefly earthy carbonates, soluble 
in hydrochloric acid. The composition of the soluble portion is ns follows: 

CsiCO^ MgCO’ CaSO* Fc»0’ TcO MnO Na®0 K*0 SiO» H*0 

49-84 26 96 0-36 3*83 4 17 0*22 0*40 0-35 2*96 0*66 « 89*75. 


These numbers show that the dolomitic ^epnstituents of tho stone may be nearly repre' 
sented by the formula 2MgCO®.3CjiCb*^ ■ 

The residue, insoluble in hydrochloric acid, after being freed from soluble by 
digestion in sodium carbonate was found to contain ; — 


PotasRium BotHum 
Silicate Silicate 

0-26 0*47 


Caldiim Mnffnediini Forrie Aluminitim 
Silicate silicate Bilicate Silicate 
2*01 0*46 0-95 3-04 


Sand 
3 26 « 


10*46 . 


The Qxygen ratio in the mebillic oxidas and the silica, Ti*., RO : B*Q*4810‘ - 
1 : 2*7 : 3 8 leads to tho formula RO.SiO* + R*0».SiO*, -which ia that of 
natrolite and labradorite (E. Rcicliardt, Dingl. polgt, J. cc. 219). 

Casna MSTA&B. The atomic weights of those metals have lately hW 
cussed by Mondelojeff in his paper ‘ Uolier die periodische Gfe8et«fai6ssW»rt 
chemischen Elemento,’ (Ann. Ch. Pharm. Supp. viii. 186). Foi? tho afoioilO 
hitherto received, viz. 0 =* 92, La = 92, Di = 95, he proposes to 
La » 180, = 138., His reasons for proposing this change axe foutld^^ 

tho differences between tho observed properties of tiiese 
thejr received atomic weight were correct— they might be expected tO 
to MondelojelTe system of classification of the elements (see 
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Witli regard to cerium iii particular, MeudclejeiF points out that there are hut two 
known oxides of this mot al, not three, as usually stated, tho so-called ceric oxide 
(()o"0“) hoi ng purely hypothetical, as it has never been obtained in the separate sljito, 
aiid no salts corresponding with it in composition are known. The two known oxides 
CiiO and Co*0‘, according to ilio atomic weight Co -» 92, becomo Co*0® and Ca*0' or 
CcO% if the proposed atomic weight 1 38 is adopted. Mendelejcff has made a determina- 
tion of the spoi'ifie heat of cerium (soraifiised and dried in hydrogen), which he ttnds 
to he 0 050. This number multiplied by 138 gives, for the. atomic heat the product 
6-9 which is much nearer to tho mean value of tho atomic heats of tho elements, than 
I hat obtained with tho commonly received atomic weiglit of cerium, viz. 0-06 x 92 
ss 4‘8. 

On the other hand, Rammclsborg (Ikut. Chem. Ges. Bcr. vi. 81) objects to the pro- 
posed change : (1). Rocauso if there are but two oxides of corium, CeO and Ce*0* (or 
£o-()* and CeO-) these oxides will exhibit the unusual oxygon-ratio 3 : 4. ( 2), If the 
hi'dior oxide is to be rogfirdod as an independent oxido Ce^O* (or GcO*) and not as a 
compound of monoxide and sesquioxido, CoO.Ce®0*, it ought to form analogous salts, 
tf. //. CV(SO*) * or Ce“0‘.4*SO", or C6"iSO*.(Co*)’'‘(SO*)*, whereas in nearly all the known 
ccroso-ceric salts, tlio proportion of Co'' and (Co®)** is different from this(v. 686) ; thus 
the ccroso-ceric sulphate which crystallises in brown-rod hexagonal foi-ms, has the 

composition Co^S«0®* + 18 aq., or ‘'Q* 

Tho reduction of tho higher to the lower oxide of cerium is regarded by Mendelejeff 
.is.iiiijlogous to that of TiO® to Ti®0*; but ccroso-ceric oxide is reduced to ceroiis oxide 
tiy liydrocJdoric acid, with evolution of chlorine, whicli is nob tho ciise with titanic 
oxide. Orous oxido (Iccomposos solution of sail-ammoniac, an effect not produced by 
!r(’B (iiioxidcs, M-O®. Lastly ceroso-ccric oxido crystallises in tho regular system, like 
iiiosl. oxides of tho form whereas, according to Mendclejeff’s formula CeO®, 

it .vliould ho isomorplious xvitli TiO- and ZrO®* 

h’ordidymiura and laiithainum Mendelejeff proposes tho atomic weights ^ « 138, 
ha B= 180, giving to tho respective oxides tho formal® ^i®0* andibaO®, whereas both 
am usually regarded as monoxides. In favour of the dissimilar fomiul® of these 
rxidos, jVloridolcjoff adduces tho fact, communicated to him by Marignac, that, none 
of iluj comspouding salts of didymium and hinthanuin are isomorphous ; that didy- 
luium sulphate separates easily and nearly |>uto from a mixed solution of the two 
sulpliiitos ; and that tho formal® commonly given to these sulphates are not analogous, 
tli:iL of tho didymiurn salt being 3DiS0'.8lf®0, and that of the lanthanum salt LaSO*. 
iUl-O. The unusual formula 3DiS0^8H®0 will bo changed according to Mendclejeff’s 
Jitomic weight, intoh)i®(SO*}*.8H®0. That tho dissimilarly conslituUid oxides 
l^iH)*, -l;aO® should constantly occur together in nature, nood occasion no surprise, 
inasmuich as many similar eases are knoxvn, e.g, tho simultaneous occurrences of Nb®0* 
Jin.l TiO®, of WO® and Nb®0», and of V'-0» and CrO». 

On tlio other liand, Rammelsborg stotes, as tho result of his own observations, that 
fulplijito of diiJyniium is isomorphous with tlie sidxihates.of yttrium and cadmium, thei 
general formula of these sulphates being 3R"SO* + 8 aq,; hence he infers that, accord- 
’iig to Mondelejcft’’s Tiow, cadmium oxide should also be a sesquioxide Cd®0*; and 
since grcoiiockite, wiirtzito, and cinnabar are also isomoiqdious, tlio oxides of zinc and 
inorcury should also be Zn®0® and Hg*0®* Bammelsberg regards the isomorphism of 
j!ic thruo ccritn metals as positively cstablisliMd, and hence coiidudos that the ^do of 
ninthanuin must bo analogous in composition to cerous oxido and didymium oxide. 

According to Mondelojoff’s view, however, lanthanum oxido and ceroso-ccric oxido 
should bo isomorphous, since their Iwmul® are-iiaO® and €eO*, wdiereim in reality, 
laiitbauum oxide is trimotric, like PW and CuO, while ceroso-ceric oxide is mono-) 
nietric. Again, lanthanum oxide dissolves easily in hydrochloric acid, whereas ceroso- 
ccric oxide dissolves slowly and with reduction. The chlorides of the cerito metola 
^ 80 , which, according to Mondelqj^ are €le*Cl*,©i*Cl* and^Cl*. are very much alike, 
probably isomorphous when they cxystallise with 4 aq., and are very diffiirent in 




as TiCl« and Ti*Cl«. 

t-hese roosona Sammelsberg is of opinion that tho changes proposed by 
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5.1® Wwchloric add and oxalic ; the oxalates OM ignited in a plMinum dish# ^ 
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^th constant stirring, and dissolved in rather strong nitric acid ; the solution u 
cyapoiated to a syrupy conaistonco, and Uicn mixed with a largo quantity of boiling 
dilute sulphuric acid ; and the precipitate of basic ceroso-coric sulphate is washed 
with hot water as long as tho washings givo a precipitate with oxalic acid. 

Tho addition of ma^esia to the oxalates previous to ignition, ns recommended by 
Bunsen and by Jegol, is unnecessary ; it is also very difficult to separate the magnesia 
perfectly from tho ignited product. 

Popp’s method SiifpL 419), which consists in treating a solution containing 
cerium, lanthanum, and didyiuinm with chlorine and sodium acetate, is efficient for tlio 
preparation of pure cerium salts, biit not for tho pro^ration of pure lanthanum and 
didymium compounds, on account of tho easy reducibility of ceroso-coric oxide by free 
acetic acid. The precipitate described by Popp as a peroxide of cerium, is accordin*^ 
to Krk, a basic acetate. 

BZectrofysat of Cerium Salts. — A concentrated solution of corous chloride sub- 
jected to the action of a Bunsen’s battery of three elements gave free chlorine at tho 
.positive, and a deposit of ceroso-ccric hydrate at tho negative pole. Fused corous 
chloride gave, at tlio negative pole, small quantities of metallic cerium, together with 
reddish white laminio of cerium oxychloride (formed by the action of atmospheric mois- 
ture). At the positive pole (consisting of gas carbon) hydrogen chloride was evolvd, 
a larger quantity of ceroso-ceric oxide u'as formed, and tho resulting mass, when 
treated with wjiter, gave off a very fetid gas. Strong solutions of corous sulphate 
turned yejiow at the. positive polo, from formation of ccroso-ccrie sulpliato, while at 
tho negative }>olo there was formed, besides a little metallic cerium, a waxy deposit 
of ceroso-ceric sulpliate whicli afterwards became crystelliue. Tlio electrolysis of a 
neutral solution of corous nitrate yielded, at Uio negative pole, a brownish yellow 
mass, and a quantity of ammonia sufficient to precipitate the wliole of tho cerium. An 
^ueoiis solution of cerous acetate yielded a basic acetate which dried up lo 
brownish amorphous lumps. Neither of these reactions yielded an oxide of cerium 
higher than ceroso-coric oxide Ce^O^ (Erk, loe. cit). 

• — A salt having tho composition SCeCP.PtCP + 8IP0 

IS described by Holzmann (i. 833). Another containing 4CoCP.3PtCP + 36H*0 has 
tetely bean obtained bjr Marignac {Ann. Ch, Vhys. [1] xxx. 65), from a solution coii- 
tel QiDg excess of platiuic chloride. It is very soluble in water, and crystallises only 
mim s^upy solutions, redissolving on tho slightest rise of temperature. It forms 
dimetnc crystals, P.oP, liaving the angle P ; P in tho lateral edges 121“ 40' to 122^ 

V * « * ^ ^ ^ ^ crystals are orango-rod, deliquesce in moist air, 

out emorosco in tho air of a warm room dui'ing cold dry days. They give off half tlieir 
water at 100®, ■' ® 

Mwignac has also obtained platinochloridcs of lanthanum and didymiunit iso* 
morphous with the cerium salt. 


. pulverised cerito is lieated W’ith strong sulpliuric acid and then 

treated with water, an abundant evolution of hydrogen takes place ; and this effect is 
tenewed if the cerito, after the lapse of a considorablo time (about a year), be again 
treated with the acid and water. This effect appears to bo due to a power possessed 
jr the lower oxKies present in the mineral of decomposing water in presence of strong 
cilem ih%32) ^ oxidation (Sonnenschein, Ikut. 

h. “ f“?? PO’fori'*! oxitliaing agent Uian most oxides repteimted 

“ attributed by Sonnensebein to the peenlw 
treated witii contained in it. He observes tlint when ceroso-ceric oxide ij 

»“*ph«nc acid, the odour of ozone is erolved, and the ptesence of 
rendered evident by its well-known leacdona The oxide fcn^ 
fiwdM whidi may boused inpiadeof petuiaags^ 

rf "f “ » permanent, and fndicates^s tetmi»- 

SSt^mne ’’fr^ distinct change of the brown-red colour of the soihitjOB te * 

r.^L!l!^?i z !i ?™? folation may be used for decomposing tie “ 

&wwo-cerio mid^e in many operations of chemical analysis. : . ,v. >, 

added to a/rycAtne louviously mixed with strong sidpin®? 

p! 48), ‘^® *“«« colnur with any other elteleaM, (wa AatteW* 

A solution of ceroso-ceric hydrate in nitrieiaeid ial*sd'4s 
wd rhombohcdral ciystals of A dooUntfS^i 

w a O*.(Cs*)«Zf«0“ + IS aq. Zschicsche, however, (iW. evilt r 
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(rrccn niclcol salt prepared in like manner, and ciystallising in the same form, is not a 
wroso-ceric but a cerous salt Ni"JN*O'.Ce''N*0* + 8 aq., and that analogous double 
Hiilts containing .cobalt and manganese may be prepared in a similar manner. He 
iittL’ibutes Holzmann’s result to' a defect in the method of analysis, -which consisted in 
in-eoipitating the cerium oxide directly from the solutions, washing it^ and, tliondobcT' 
mining the quantity of ceric oxide present by treatment witli hydrochloric acid. Now 
ji precipitate of cerous oxide thus formed oxidises very quickly in contact witli the 
iiir • but the oxidation may bo completely prei-^onted by mixing the solution before 
precipitation, with a largo excess of sal-ammoniac, and treating the precipitate with 
hydrochloric acid without first drying it. Operating in this manner Zschioscho found 
that the double nitrates above mentioned contained only cerous, no ceric oxide, 
llammelsberg lias also analysed the coroso-magnesiiim nitrate and finds its formula to 
1,0 exactly analogous to that of the nickel salt, viz. MgN=0®.CeN*0“ + 8 aq. He finds 
that the rod magnesium salt analysed by Uolzmann, and designated by llunsen as 
magnoBio-ccric nitrate, becomes pile yellow after one rccrystallisation, and nearly 
rolourlcss after two, and therefore considers that tliis salt owes its red colour merely to 
the eerie mother-liquor ivith wliich the crystals are drenched. 

Basic Ceroao-cerlo Acetate. The light yellow precipitate obtained in Popp’s 
method of separating cerium from the allied metals is, according to Erk {ZeitacliT. f. 
Chenh. [2] vii. llfl), a basic acetate having the composition C'H'Ce^O*®. It is easily 
fioiuble in water, but insoluble in dilute aqueous sodium acetate. 

Cerous Oxalate dried at oniinary temperatures has the compositiouCeC^^O* ■¥ 4H*0; 
after drying at 100'* it contains CeC-*0* + H-O. The last molecule of water cannot 
bo expelled without decomposing the salt (Erk). 

Sulptaatee. Mariguac somo years ago described a cerous sulphate, CeSO*. 
811*0, crystallising in right rhombic octahedrons {Rccherches sur les formes crystallines 
dc qttilques cornposh chhniques, Geneve, 1855)^ Cziidnowicz, on the other hand 
Chrnu XXX. 19), obtained a irihydratcdtiQtom sulphate in the form of hexagonal prisms; 
and this result was corroborated by Hermann (ibid. xcii. 126), who, moreover, obtained 
uiiotimr cerous sulphato in octahedral crystals having the composition 3CcS0*.8H-0, 
iiiinlogoiiH to that of didymiuni sulphate ; the two salts being formed under the same 
cinumisUuccs, namely, by the ovajwration of a solution of cerous sulphate at a gentlo 
Jlcceiit ob.sorvations by Marignac {Ann. Chim. I*bys. f t] xxx. 67) have shown 
th.-it these statements are correct, and that tlie octahedral ^-hydrated salt is formed 
Jiujst rctadily by (jvaporation in a vacuum at ordinary temperatures — the hexagonal 
triliyd rated crystals by evaporation in the air at 40®-60®. 

The crystals of the salt 3CeS0*.8H=0 linvo the faces P . 2Pj predominant, oo P ee . 
4P 00, and others subordinate. The principal angles are us follow : 

In the Bracbydiagonal lu the Macrodiagonal In the Basal 

principal Rcction principal Bcction priiicipal acctioii 

P: P » 114°12' lllolO' 103014' 

2P : 2P « 99048' 95048' 136017' 


Notwithstanding tlio analogy of composition between this salt and the sulphate of 
didyminm, the two salts are not isomorphous, tho crystals of the didymium salt being 
inonoclinic. 

Tile crystals of the hexagonal salt, CeS0*.3H^0,are mostly combinations of the hex- 
agonal prism 00 P with the pyramid P, sometimos also with JP, and two secondary 
riTamids (see CRYSTanLoaBAFUT, ii. 138), Anglo : ooP 120® to 120016' ; 
“P : P « 130® 10' ; ooP : 4P « 115® 66'. This salt is isomorphous with the cor- 
responding sulphate of lanthanum. 

Ceroso-ceric Sulphatesi^The red hexagonal crystals which separate by slow orapo- 
nation from a solution of ceroso-ceric oxide in sulphuric ncid, cemsist, according to 
uflmmelsbcrg (v. 687), of 3CeS0\Ce«(S0*)* + 18 aq. Zschiesche, on the other hand, 
evii* 66 ; ZdUchr.f Chsm^ [2] vii. 40) assigns to them tho composition, 
6Ce0.uS0» + CeaO’.SSO* + 27 aq.. or porlxaps 6(CeO.SO») + 2(OeO*.2SO») + 27 aq. 

{Deut. Chsm. Ges, Ber, vi. 86,), from a fresh analysis of the scut in well- 
crystals, deduces the formula 80eSO®.Ce*(SO*)* + 21 aq., which, agrees with 

Js earlier formula, excepting in the amount of water. 

V ® mother-liquors of the hexagonal salt, or from a solution of ceroso-cerie 
dilute sulphuric acid, there is depositkl a yellow salt, not in messurablo 
CeSO* c to Bammels^rg,^a8 the composition Oe*8fO” + S aq. or 

TV,- 


Ce^JSO®)* + 8 aq.; according to Erk it contains 14 aq. . ' 

sTvtwT* y®liow basic salt formed from either of the preceding by the action of 
^pptars to lose acid by lozig keepipg; ^hcetho ftdmuU asslgiied to it.CYv 
•3SOt 4* 0 aq, must^ rsm^rded aa unoertaiih Aeoor^^ 


-watat, 
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decomposod by washing "with liot water, and loses all its snlphnric acid by lepeated 
boiling with water. When washed with cold water, pressed between filter-paper, and 
dried over oil of vitriol, it 1ms tlio composition Ce*HSO® + 2aq. or 2CoSO*.Co‘'0*. Il=0 
+ 4aq. 

Compounds of the Cerium Siilphatis wii/i Luteo-cobaltic and Eosco-cobaltie Sulphata. 
When a hot, stn^ngly acid solution of ccroso-ceric snlphate^is mixed with a hot satu- 
rated acid solution of lutco-eobaltic sulphate, a liglit yellow crystalline precipitate is 
formed, which the iiiicrosct)pc shows to bo inado np of hexagonal prisms. After wash- 
ing with n small quantity of cold water, it has the composition 12NH*.Co\S0»)». 
Ce*(H0‘)*.ir-0. It limy be lioated to loO® without decomposition. 

The corresponding vermis salt 12Nll^.t^o*(S0^)*.3CeS0'‘.ir‘*0 is obtained by adding 
a hot concentrated solution of luteo-cohaltic. sulphate to a hot nearly neutral solution 
of cerous sulphate as long as the supi ruaUint liquid remains, colourless.^ A yellow 
precipitate is then formed, having a somewhat paler colour than the eerie salt just 
described, but resembling it in form, so that the two salts appear to be isomorpbous. 

Eoseo-cobtdtic Oouble salts of anal<»goiis (‘omposition bavo likewise boon obtained, 
but they are very easily decomposed by water. The cxjmpound 10NH*.Co=(S0*)». 
Ce-(S0*)“.5H-0 is pi-oduewl as an orange-browTi crystalline precipitate, by adding m 
solution of ceroso-ceric sulpbatc to .'in excess of a hot, strongly acid solution of rosoo- 
cohiltic sulpliate, or by adding t.ho latter to an excess of the cerium salt. The crystals 
belong to the regular system. Tho corresponding cerotis salt is obtained as a homo- 
genous precipitate, only when a solution of cerous sulpbato is added to a large excess 
of rosco-cohiltic yuiph.ate. The eryshils, which resemble tboso of the eerie salt, havi; 
the composition 10NIP.Co'(SO*)“.3CeiS0'.5lI‘O. Au attempt to prepare a corre- 
sponding lantliannm salt was nus accessful. The amount of cerium in these salts 
appears to vary within certain limits, and tho rosto-ceric salt .ippears to be always 
mixed with a certain quantity of cerous salt. 

It was not found pos.sible to prepare ccroso-ecric oxide free from didymium by oxi- 
dising a solution of cerous salt with lead dioxide and sulphuric acid, and then mixing 
it with luteo-cobaltio sulpha! c. the dmddd &dt thereby produced nhvays retaining a 
certain quantity of didymium (C. IT. Wing, Sill. Amcr. J. [2] xl. 35G), 

OnviiaOXiACTIxr. a hydrated alumininm phosphate, 3Ar‘fO».2FOMOH*0, 
lately found in botryoidal and reniform masses in tho Eiudsberg iniuu at Katzcucl- 
Icubogcn in Nassau (see Phospuatus). 

CBX1J88ZTIS, PliCO^. This mineral is known to accompany the galena of 
Kirlibaba in Bukowiua. 

Crystals of remarkalilo licauty bavo recently been met with, measuring 1.^ mm. 
long and 7mm. broad, and of a yellowLsli or groyi.sli--\vliitG colour. Both as individuals 
and in groups they are but Blightl 3 '' uttached to tho quartz or decomposed mica-slate, 
and consequoutly exhibit almost perfect development. A prisunitic development 
along tho principal axis, and occaiiionallj' simultaneously along tho brachvcliagonal, i» 
geuerally observed in them, lu additional to the threu jnuacoids, of which tho bosal 
is but slightly developed, there are found the often greatly dovoloped prism odP, in 
a less degree the l^rachyprism, cnl% tho brachydomos ^ Poo , Poo , 2poo , sfoo, tf®, 
the pyramid P, and, what is now for ceriussitc, tho brach^^pyramid The oriente' 
tion of thcRo forms, often apparently” very distorted through dissimilar dovcjlopin®nt 
of fiu:cs, is facilitated by an almost constant surface character of individual forms. 
Tho macropinacoid alw^iys jiresciits a fine vertical striation, sometimes by oscillator/ 
combination with ooP. Tlio brachypinaeuid, ooPoo Inis strongly marked horiwotil 
striation, or decreases gradually by tho occasional introduction of the faces of tbs 
brachydomes ; of tho latter, Poo has strong vertical striation. The ratio of tb® 
m.'icrodiagonal, brachydiagon.-il and principal axis i.s 1-63D6 ; 1 : 1*1852. Tho Kirli- 
baba crystals often bear considerable resemblance to licucagonal combinftfcipuSi ond 
Mmo resemble tho urragonite of Biiin (v. Zcpliarovich, Jahrbuch f, 


Ch‘m. Ges. her. iii. 637). T?l»e 

.^ng wlucli forms on the capsulM of the opium poppy (Pt^twr MSWiflWW) 
the petals Iiavo fiillcn off, and increases in quantity a.s tho fruit ripens, cbnsW 
waxy Bubsfcmco cidled Opium-wax or ccrosin f? identical with the ^ 

sugar-cane, i. 836]. In consequence of the method adopted for obtaining ^ 
the poppy-hends, part of this wax becomes mixed with tho drug, and: U 
the residue or main which remains whep tho opium is exhausted with 
this mure, af^ being treated with a little pobis1i-iM)lution to remove 
ing matteis, u boiled with alcohol, the alcoiiolic liauor deixisits 


ing matters, is boiled with alcohol, the alcoiiolic liqi;ior deposits on 
able quantity of nearly white crystals, wliidi may bo freed from 



CETYL ALCOHOL— CHAMOMILE OIL. 277 

noiinils by clilutfl liyJrochloric acid, and from a i)eculiar sticky substance by rocrystal- 
lisntioii from boiJiuff nlcohol. 

Tho -wax thus obtubird is nearly ivhitc, but is still a mixture which cannot be 
Ti'solvod into its constituents by Mcoliol. Tho best reagent for tho purpose is chloro- 
form, which at the boiling heat dissolves tho Irno wax, .and leaves a substance which 
cryst'd list's in colourless prisms, melts at a temperature above 200°. and is probably 
ri l;itcd to laetuccrin and hyoscerin. 

On exposing tho chloroform solution to a tcnipt'ratiiro of + 10°, it deposits colour- 
li'ssi scales ; .and if the mothor-liquor bo then cooled down to —10°, another body is 
obt-i i lied crystiilii sing in small prisms. Tho compound crystnllising at +10° may 
111 ! imrified by Tccr^'stiillisiitioTi from cbloroform. It tlum forms white satiny swilcs 
reniposcd of flattened prisms, melts .at 82 o°, resol idities at 80°, and givc.s by analysis 
8‘> 13 P 0- carbon, and 13*73 liydrogon, agreeing with tho formula of corylic cero- 
into tP'li“‘’'0'^ « C"U«.0-*’n^='0^ (i. 837). This ether dissolves easily in boiling 
jileohol, and separates almost comphdely in small prisms on cooling. Ether and 
aeelono clisisolvo a considerable quantity at lx)iiing heat, and deposit tho greater 
j)art of it on cooling. lt.is not acted upon by dilute solution of potassium perman- 
Jrnuate or by cold strong sulphuric acid, which however blackens it wdien Jieatoil. It 
hs not aekitl upon by potash -solution, but by fusion with potassium hydrate it is 
iliiioinposed, yielding a waxy acid ; hcjitod on platinum foil, it first and then 

voliiLilises, giving otf a waxy odour aud a smoko which is not easily iiillamed, but 
Avlieii once siit on tins burns with a bright and very smoky flame. 

Tins second compound, which separat.e.s at —10° from tho mother-liquor of the 
pivi'cding, may be sutficiently purifit?d by tn^ating tho crystalline mass with a quantity 
el'i'hlorerorm not aiiflicient to dissolve it all, ami removing the undissolved }x>rtiofi, 
vvJiicJi is contaminated with corylic cerotato. Tho chloroform solution thus obtained 
tlcposits small dull translucent nodules, wbicJi, when recrystaliised from Imiling 
alc(jli(jl, yield a wliito powder composed of small x^risms melting at 79°, solidifying in 
rlio cryslaJlino form at 70°, !i:ijd having the conijjosilion of corylic palmituto 
( isjpBOj la C"^IL^».C'“Ii‘"0'*. It dissolves ill chloroform, alcohol, ether, .and acotoue 
s.«in what more readily than the preceding, is not attacked by potash-solution, but is 
easily decomposed by melting ipotash, yielding a neutral body which melts at aliout 
100°, probably cerylic alcohol, and a crystal! i sable fatty acid. 

CSTYXi AXiCOHOZi, T]ii.s alcohol is known to bo easily converted into 

sidic acid by the action of nitric acid. On tho other hand, wJiou a mixturo of sebic 
:icid and caustic Ijaryta is subinittod to dry distillation, there is formed, besides a 
liyilrocarboii boiling at 124°, and other products, a solid body, which, by 

ripi ated cry sf.nl lisation from alcohol, may bo obtained in white crystals having tho 
lu-opcvtics and composition of cetyl nlcohol; it melts at 49° and rcsolidiflos at tho 
hiiiiie teniperaturo (Scherlemmcr, Dcut, Chan. Ges* Ber. iii. 616). 

CBAXiCBDon’. Somo reniarkablo concretions of chalcodony from Brazil ore 
ilfscribod by IT. Kosenbusch {Jahrhuchf. Mineralogit, 1871, 176). They are found in 
a Ijcd of marl in tlio valley of tho Jahu, a tributaiy of the on tho table land of 

8. Paulo, forming long cydindncal tubes, some 50 mm. long and from 6 to 8 mm. 
ill diameter. Thoy aro for the most part well rounded and hollow ; the interior is 
coated with rod ochro which contains much organic matter, a tube when heated 
liinitting a strong cmpyroumatic odour. Some of tho flattened tubes are clearly formed 
!'}■ tho union of several smaller ones. In a microscopic section of a tube perpendicular 
to its axis, a fibrous slructuro is observed, the fibres being uniformly radii ; that cut 
]uiriiilel to the axis is finely granular. The tube is coated on the outside with a crust 
of quartz ciystnls, which in their turn, aro covered with chalcedony, and on which 
nniilly, and lying in contact with tho marl, is another layer of quartz. These mystals 
ixliibit tho one rhombobedron only, tho other being altogether absent or but slightly 
|ippai'oiit. ^ Other quartz coucretions from this region are much contorted, many hay- 
dendritic forms. Those remarkablo structuroit, which strikingly resemble the 
indusial limestone of Auverge, are in all probability of organic origin. 



- ... uiA JB a imxburo. un recuiyiug ic, axter lunuiiauua la a uurjcvui/ w. 

'looeran to boil at 106 ° and between this and 188 ° a small quantity erf a fiiintly blue 
Wt- strongly of chamomile, passed over; between 188 ° and 266 ° a seooii*^ 
win somewhat darker <folour was, obtained. The 'magoideent Htte^ Tepohr 

chapacterisea this oil was first formed above 266 ^ the temJi^tW 
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to 296®, and 87 grams distilling over. Tlieportipn distilling above 295° was still bhip, 
but more syrupy. The temperature then rose al;ovo that at which a mercury tlu-r- 
xuometer could bo employed, tlio vapour became violet, azid a tliickish, but still bhm 
oil, was obtained, finally, there remained in the retort 41 gn\ms of a Ijpown tar. 

All these fractions, which had an acid reaction, were washed with pofaisli-solutioii ; 
the wash-water was acidified with sulphuric acid and exlinusted with ether ; and the 
strong, unpleasant-smelling residue reinaiuiiig afl:er distilling oflF the ether, was dis- 
solved in water, saturated with ammonia, and converted into a silver salt, tlio 
analysis of which iudicatad that the acid isrutic or capric acid (anal. 

431 p.c. C., 6-5 H., 38-4 Ag.; calc. 44*2 C., 6 8 II., 38*7 Ag.). 

The first two fractions, after rcpcateil rectification, yielded a liquid boiling at 150°- 
168°, which had a composition indlcatixl by the formula, (anaj. 79' 1 p.c. C., 

10-8 H.; calc. 79 0 C., lO o U.) 

The analysis of the portions of higher boiling \yomt (165°-185°) indicated increas- 
ing amounts of carbon and liydrogcn, the mean of several determinations being 82 93 
p.c. C., and 11-10 ]i.c. H.; probably duo to the presence of a hydrocarbon 
isomeric with oil of turpentine. Bizio's analyses {Wien. Acad. Bcr. xliii. [2] 292) also 
lead to the same conclusion. 

The blue fraction, after Avashing and drying over calcium chloride, was repeatedly 
rectified, and the various portions analysed. The portions of low^r boiling point an\ 
as is plainly shown by their colours, the least pure. That obtained Ijctwcicn 270°-300° 
has the purest colour, a magnificent azure-blue, similar to that of an ammoniacal 
copper-solution. From numerous analyses of thi.s, and from tlio results obbiinod ty 
Bizio and Borntrugcr {Ann. Ch. Bharm. xlix. 243), it is evident that this body is aii 
isonierido or polymcriilo of camphor. 



Boruti-agor. 


Bizio. 



Knchlcr. 





300° 

275° 

281° 

(287°-288'’) 

289® 

C 79 0 

79*85 7981 

79-86 

78-41 

79-8 

79-0 

78-92 ■ 78-5 78 4 79 S 

II 10*5 

10*00 10-69 

10-89 

10-69 

10-4 

10-3 

10-37 10-7 10-7 

10-5 


Accurate dotorniiiiations of the vapour-density could not be obtained, as the oil is 
partly decomposed w-hon heated for some time above 310°~320° ; nevertheless, Iho 
experiments prove that the molecular formula is ccrminly double, and probably troble 
the empirical camphor formul a, C*®ll*®0. 

A comparison of this portion of the chamomile oil, which appears to ho pure, with 
those of the corresponding fraction of the oil obtained by distillation of galbanum by 
3Iossner (ii. 758), shows them to bo very similar in properties, though they appear to 
differ considerably in composition : 

Blue Chamomile Oil, Blue Galbannm Oil, 

281®~289®. 289®— 29(l» (MtisKner). 

C 79-25 per^cent. 83*74 per cent. 

II — 10*40 per cent. ir43 per cent. 


Kachler, finds, however, that the galbanum oil is a very variable mixture according 
to the temperature at which the resin is distilled. It contains v-arying quantities of & 
colourless hydrocarbon, wliicli has the composition of turpentine oil, and may bo 
driven off by heating for two or three days at 230°-260°. This hydrocarbon, when 
purified by^ distillation, is not identical with the colourloss, limpid, turpentino-liho 
f^albanum oil obtained by distillation of galbanum in a current of steam. It is less 
limpid, has a perfectly different, unpleasant odour, and boils at 240°-2M°» whereas 
the latter boils at 160°“166°. The nigh percentage of carbon in Mossnei^s blue oil 
IS probably duo to an admixture of this hydrocarbon- Kachler found that the hine 
galbanum oil, after purification from this body &c., gave 79*07 and 80*8 p.c. 0., and 
10*42 and 10*4 H.; numbers agreeing well With the camphor formula. 

On treating chamomile oil with ]x)tassiuni and with pliosphoric aijiydrida iu 
same way os Mossnor treated galbanum oil, tlie behaviour of the two oils fouau 
to be identical, and the products obtained were of the same composition. 

Ffoducts of Urn treatment witli potassium : — 

From Galbamm oU». 


MlSasncr (268®). 
. 88*6 88*7 ' 88*8 

H .11*4 11*3 111 


Xocliler 

(258®). 

88*0 

11*4 


The vaponr^density, determined by Dumas* method, was 14*8. 
being 14-1,. 
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Products of the action of phosphoric nnhydrido 



From Galhamm 

From Chamomile 


oil. 

oil. 

n0«H"0 

Koehler 

Knchler 

. 89-6 

89-2 

■ 88-8 

. 10'4 

10*4 

10-8 


Bearing in mind tho extreme difficulty of preparing such bodies in the pure state, 
tlie analytical results obtained with the two oils could not pcrlmps be regarded as 
perfectly eoticliisivo in favour of their identity, wore it not for some chanicteristic re- 
jielions which seem to remove all dnubt. On adding an ethereal bromine solution to 
a diJuta olheroal solution of tho product from tho troatmont of tho blue chamomile oil 
witli potassium, tho liquid becomes, after a short time, azure blue. This colour is not 
pnrsistont ; on tho uvajmration of Uio etlier (w'hidi should bo saturated with water,) 
it turns green, and finally brown. Tho product from galbaniim oil, and tho products 
of Uio action of phosphoric auliydridc on tho two oils, all givo exactly tho same 
reaction. 

On agitation with nitric acid, sp. gr. l*2o, a similar reaction is observed. The 
brownish colour at first produced soon passes into a deep violet ; afterwards oxida- 
tion takes place, and tlie colour disappears. 

CBEMZC AXi ACTZOir. Coefficient of Chemical Activihf or Klectiw Atiractwn. 
Mills {Phil. Maif. [4] xl. 134 ; xliv. 343), in studying tho action of phosphorus oxy- 
chloride upon certain nitrates, has found that the decomposition }>rocecds with a cer- 
tain dcgi'ce of uniformity, tho analysis of tho residual products slio^ving indeed that, in any 
scries of operations with tho same nitrate, tho ratio betwoou the W'oigbts of chlorino 
retained and phosphoric oxide produced is sensibly constant. This ratio, multiplied 
Cl 

into 4-06 or is designated by tlio symbol a, 

Tlio experiments were thus conducted. A weighed quantity of pure anhydrous 
nitrate u.is placed in a suittibljr arranged reaction-tube, a proportion of phosphorus 
oxycliloride (free from hydrochloric acid and non^fuming) was added, and heat gradually 
applied until tho action reached a maximum, a current of absolutely dry air passing 
slowly through the apparatus during the whole operation. When no more coloured 
gases were expelled, it was judged tliat tho reaction was completed ; tho excess of oxy- 
chloride was then distilled away, and tho residue after weighing was dissolved in 
water and analysed. 

The nitrates of silver, load, thallium, potassium, sodium, lithium, csesium, and 
rubidium wore submitted to experiment. Barium nitrate was not attacked by phos- 
phorus oxychloride. Tho accompanying table affords an example of tlie results : — 



I. 

11 . 

III. 

Silver nitrate employed , 

2-1746 

]’0dl9 

2*7633 

Besiduo obtained . 

2-1800 

1-0089 

2-7340 

Temperature .... 

121° 1 

120° 

120° 

Composition of the residue, vis., 


Silver nitrate . . . . 

Silver chloride . 

40-77 

20’00 

57*87 

49-77 

61*01 

36-44 

Phosphoric oxide . 

9-47 

12-93 

6-60 


100-01 

100-80 

100-91 

Hence the values of a are roo 
epectively , . , / 

0-21 

. 4-74 

5-47 


, ^osidual nitrate is calculated, not by difference, but from the ariginal nitrate on 
the basis of the chloride found. In the case of the potassium salt, the amount of 
ntote obtained by calculation did not even remotely approximate to the undetennined 
uineronce, and a determination of the unattacked nitrate by Harcourb’s process (iv. 89) 
was also unsucccssAil.*'' Tho analysis of tho lithium reiidues tras attended with 

* In Haroourt’t prooen, if the potattium nltrato be mixed with a small pnporUon of 





280 CHEMIOAIi ACTION. 


severaHnconvenioxices, jnnsinuch as tho mass in the tube bocamo vesicular, and finally 
intermptud tho p.as.sagc nf air; from tliis circumstance, tho oxychloride never wliollV 
distilled away, and had, consequently, to bo determined hy another oporatioii.' In tliu 
case of thallium nitrate, tlm dichloride, and not tho sparingly Bolublo thallious chloride, 
was tlio result of the reaction. 



Afeaii 

valncs of a — 


rota-ssium 

Sixliinn 

ThnlUnm 

Silver 

nitrntv 

mtr.'ito 

nitrate 

iiitraie 

2001 

1-70. 

4-38 

5-48 

Lead 

Litliiiiin 

Ciesinm 

Itubidinm 

iiitriitc 

nitrate 

iiitrntu 

nitrate 

5-17 

1-61 

2-21 

2'38 


Tho numbers to which a corresponds are ratios and not absolute quantities ; they 
represent the potential onorgy or dynamical usa which can bo made of a nitrate ; they 
are obbiincd under a law of chemical iiction, and are in themselves indopendont of any 
adventitious circum.stancos of manipulation. Wlion one nitrate siir|>ass(!8 another in 
tho power of fixing clilorino i)er unit of phosphoric oxide, that is an index of suijerior 
chemical activity, or to r.Miuo l.hc ultimate causo, attraction ; anil since this attractive 
effect can be estiiiuiteil for several nitrates in a series, a becomes the coefficient of 
elective ntlraction of tlio nitrates. 

If a bo divided by tlio molecular weights, 2, of the several nitrates calculated to an 
uniform weight of oxyuitryl (NO®), the following numbers, Q, are obtained: — 



«. 


Q. 

(Thallious nitrate . 

\ Silver . 

(Lead „ . . . 

8-70 

0*18 

266*3 

169*94 

30*29) 

31*01 1 

617 

166*66 

32*02 j 

Bubidium 

2-38 

147-40 

61*03 

Caesium . 

2*21 

195-01 

88*24 

i Potassium . 

1-99 

101*14 

60*82 

) Sodium „ . . . 

1-70 

85*05 

60*03 

Lithium ,, 

1-61 

69*00 

42*86 


Tlioso numbers show that tho elective coefficient is directly proportional to the 
symbolic (molecular) value, and that, with one exception, a and 2 increnso and diminish 
•IB regular o^er; the quotients therefore, represent tho weights of nitrates which 
correspond with the wiii of elective attraction. If these numbers bo considered as an 
incomplete anthmotical seric.s, of which the most probable value of the first term is 
C-258, some interesting re.sults are observable. The mean product of symbolic vnlufl 
into the specific heat is 6*246, and the identity of this number with tho foregoing term 
IS unmistakeablo. If « = specific heat, 2 a = ti 6-26, n being integral. But Q « 
9 a0'2o; orsincethorosultsofexporimont showthatw >»i,letm = a? n ; then by com- 
bining these two equations, we obtain a = - 1- as tho expression of the elective at- 
traction in terms of tho specific heat. 

Again, comparing any two coefficients (a and a') we have a : a* : : -i_ * _3L but in 

XU a^s' 

several instances j: = y,as is obvious from tho foregoing table. Then ^ 

The following instances may be adduced in verification of the latter case 
o (potassium nitrate) ^ ^ . 

a'(83di^i^^ nitrate)” “ 

- specific heat. 


rt (thallious nitrate) , , , ... 

iTfsilver nitrate)' ’ " of raUos, 


■143 3 

■0942 


1*53 by specific heat. 


InMMiMia* ' 


manner, and the a 
is ahaent, a i ^ 
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That tlio intensity of oloctive attraction is proportional to molecular vnliio is a result 
fluito in acooriinco with ordinary ehcnucal experience. 

^ When silver nitrate is added to a dilute aqueous solution of potossium ioilido 
iirainide, and chloride (these salts liaviiig been mixed in any proportion), silver iodide, 
bruniide, aud chloride are successively pi-ecipitated, that is, in the order of thoir syni' 
l)olic values. Silver chloride may Ijo wholly converted into bromide by digestion with 
aqueous potii.ssium broinido; and silver bromide is completely transfoimable into iodide 
1)V aqueous potassium iodide. In tho formation of salts, baryta has the preference 
over sfcrontiu, and stiontia over lime. In the fractional separation of the volatile 
members of the fatty series C*ir*'0“, by Liebig's process, tho law is strictly ob.servod, 
excepting in tho case whore n — 2, which is an intelligible anomaly. ITuiiitz’s method 
of separating the non-volatile members of the same series by means of magnesia ex- 
hibits tho same order. In a mixture of the hydrocarbons benzene is tho last 

to bo chlorinated or nitrated. Warington has shown tho superiority of ferric over 
riluminic oxido as an absorber of alkalis in soils. In cases of jaundice, tiiurocholic 
jR'id is destroyed in the system before glycocholic acid. 

CbemlcalBqutllbrium of Carbon. Kjdrogen and Oxyaron (Berthelot, 

Soc. Chilli, [2] xiii. 99). Carbon dioxide, through which a scries of itiductiori sparks 
is pfisBcd, is quickly dccompo.scd, tho decomposition increasing up to a ccrbiin point, 
tin'll diminishing, then again increasing, then diiiiinisliing, and so on, without approach- 
ing any fixed limit. Neither i.s any constant jiroportion obser\’od in tho extremn limits 
lictwocn which tho decomposition varies. Buff and Hofmann (^Chein, Soc. J. xii. 293) 
oh-ticrvcd that, when tlio decomposition of llio carbon dioxide had gone on to a cerfciin 
;iinoiiMt, tho ro.siiUing mixture of carlx)n monoxide and oxygen was cxploilud by tho 
spark, and the dioxido w'as repi-oduced. Berthulot did not observe this explosion, but 
tJiink.s it might tiiko place with weaker sparks than those which ho employed. He 
finds that a inixtiiro of 2 vol. cnrboii monoxide aud 1 vol. oxygen iio longer explodes 
when tho admixed carbon dioxido amounts to between 60 and 6.5 p. c. of tho total 
volume, the limit varying, however, according to tho intensity of tho sparks. Berthelot 
also confirms tho observation of Haltoii that a mixture of carbon monoxide and oxygon 
DO longer explodes when it contains le.ss than Jtli or more than ^-Jths of its volume of 
curlion monoxide. Tho limits depend to a certain extent on tlie intensity of the sx^rk, 
and in any given niixtm*c the combustion is sometimes complete, sometimes more or 
lijKS incomplete. Tho dccomxiosition of carbon dioxido is completely prevented by 
tho presonco of a largo quantity of oxygen or carbon monoxide. Mixture.*! of 1 6 *6 CO^ 
with 83*4 CO, or of 13-0 CO* with 87'OCO, w'oro found to contain exactly tho s.amo 
qimntitios of carbon dioxide after tho spark had been passed through them for an 
lioiir. 

Tho decomposition of aqueous vapour ozbibits tho same general features as that of 
carbon dioxido, not ax^proximating to any fixed limit. The presence of an excess of 
tho water-vapour interferes with the union of hydrogen and oxygon. Under the 
prolonged influence of tho spark, a small quantity of hydrogen or of oxygen in proscnco 
of a ki'ge excess of the other gas is completely converted into water. 

With regard to tho equilibrium of hydrogen, oxygen and carbon, Berthelot ha.s 
•ilroady investigated tho reaction between hydrogen and carbon monoxide (1»^ Sujipl. 
30). The products of this reaction are carbon dioxido and acetylene. 

In presonco of a considerable quantity of water-vapour or carbon dioxido, however, 
110 acetylene is formed, whereby the relations are very much simplified. To prevent, 
condiiusation of water, tho reactions wore carried on in tubes which were heated to 
100 in a current of steam. Two mixtures were expeiimented on, consisting of 

II = 20 0 CO* « 200 CO » 40-8 Tol. 

and H = 20 0 CO* « 20*0 CO « 21-6 „ 

Ihcse mixtures are equivalent in composition to tho tw^ explosive mixtures, 

H = 20 0 O » 10-0 CO » 60-8 

and H = 20 0 O « 10 0 CO « 41-5. 

After electric sparks liod been passed through these gaseous mixtures for half-an- 
ojip,* exactly half the carbon dioxide iu each was decomposed, with formation of a 
Toiuino of water-vapour o^ual to that of the undecomposed gas. The equilibrium 
cBuiting influence of a series of electric sparks is therefore t^e same as that 

(\ if Bunsen’s^ experiments on the combustion of carbon monoxide and hvdrogeU. , 
483), is pioduced by the sudden explosion of similarly constituted mix- 

f between two SolwoBto. Berthelot a. Juagfleisch 

»• ixix, 838) have experimented on this subject, by dissolTiog a substance in one 
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oC the two liquids, then adding a nKutsnrcd Tolume of the other solvent, and shsking 
the vrhole strongly, the teni|)eratUTe being kept constant’ by means of a water-bath. 
The quantity of aubstfince dissolved in the liquid was determined from time to timo 
till the results became constant — a state which was sometimes not attained for un 
hour or two — and the quantity of the substance dissolved in ouch of the two solvents 
WHS then iiscorbiined. 

A body brought in contact with two liquids, in each of which it is soluble, always 
divides itself between them in a simple lotio, however groat may be its solubility in 
one of them, and the excess of the volume of this same solvent. The quantities dis- 
solved simultaneously by the two liquids stand to one another in a constant mtio, 
called the coufTicieut of division. This coefficient is independent of the relative 
volumes of the two liquids^ but varies with their concentration and the tempernturc 
as shown by the following experiments : — 


Influence of TEursBATuiuB. 


Weight of Succinic acid 
•in 10 c. c. of the — 


At 15^ . 

Aqueous 

Solution 

Ethereal 

Solution 

Coefficient 
of Division 

. 0-376 

0-060 

6-2 

0 . 

. 0-376 

0-078 

4-9 

>1 Id . 

. 0106 

0-019 

6*5 

„ 0 . 

. 0-008 

0-019 

5-0 


These numbers show that the coefficient of division changes with the temperature, 
but at a very slow rate. Decrease of temperature increases the action of the ethei; 
that is to say, of the more volatile liquid ; but it is not yet proved that this law is 
generaU 

Influence op Cokcentiiation. 


The coefficient of division varies with tho final concentration of the iolvonts ; it is 
not, lioworcr, proportional to tho weight of substance dissolved, but increases at a 
slow'or rate. 

I bo numbers w in tho following tables denote the weight in grams of substance 
dissolved in 10 c. c. of one or Uio other solvent after agitation. 


Succinic acldt Water, and Ether, at 15®. 


In Water («) 

III Ether 

Coefficient of 
Division 0 

0-486 

0-073 

6-6 

0-420 

0-067 

6-3 

0-365 

0-061 

6-0 

0-236 

0-041 

5-7 

0 121 

0-022 

5-4 

0070 

0-013 

5*2 

0024 


5-2 


C = 5*1 + 3 to. 


Bensoic acid, Water, and Ether, at 10®. 

Weight of Benzoic acid 
in 10 c.c. of the — 


Aq. Solution 
0 00301 
000258 
000150 
O’OOllO 


Ether. Solution 
0-277 (w) 
0-227 
0119 
0-078 


uoemouneoK 
Division 
1 ;91 
1 :88 
1 : 80 
1 :7i 


In ^is case the action of the ether greatly exceeds that of the watei^ eontiuj}^ 
in the case of succinic acid. Tho resulto may be roprewiM 

g = 03 ■+ 100 w. 
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Oxoliit aoid^ Water, and Ether, at about 11*’. 


Aq. Solution (w) 
0*473 
0-436 
0-304 
0-203 


Ether. Solution 
0-052 
0046 
0-031 
0-0205 


Coefficient of. 
Division C 
0*0 
9-5 
0-8 
9*9 


Tlio results may be poprosented by the formula ; 

C = 10-5 - 3-3 w ; 


in u'liich to refors to the aqueous solution ; as also in all tho foUoTring aorios 


Malie^cid, Water ^ and Ethers at alnmt 18°- 


Weight of Malic acid in 10 c. c. C(M>fflcicnt of 

of the Aqueous Solution Division C 

4-1 26 

2-2 36 

10 .40 

0*35 47 


C - 49 « 5*6 Mf. 


Tartaric acidf Water, and Ether, at about 20®. 

in ^ 5-26 2 60 1 00 0 4 

V 91 90 120 130 

Acetic acid, Water, and Ether, at about 18°. 

w - 2-0 1-0 0-3 0-1 

C ^ 1-2 1-4 1-8 2-3 


The results obtained with malic, tartaric, and acetic acid show tliat, in very soluble 
bodies, tho codheiont changes with the concoutration more rapidly than in loss soluble 
b()di(>s. The causo of this difforouco is that concentrated solutions of tartaric or acetic 
acid dissolve ether in other pro^rtions thai^iluto solutions, so that thoactual wlvents 
are not comparable. Sulphuric and hydrochloric acid are dissolved in considerable 
quantity by ether, only when they are concentrated; if their aqueous solutions are 
diliitu, tho quantities of them taken up by ether can no longer be estimated with 
accuracy. 

Ammonia, Ether, and Water, at about 17°. 


w * 0-71 

0-62 

0-27 

C = 83 

100 

135 

JBromine, Water, and Carbon Bietdphide, 


Iff in 10 c. c. water 

» In 10 c. c. CS* 

C 

0176 

10-2 

1 :58 

0-030 

2-46 

1 :82 

0-020 

1*55 

1 : 78 

0-0011 

0-09 

1 :80 

Iodine, Water, and Carbon Bisulphide, at about 18®. 

tc in 10 0 . c. water 

w in 10c.o. CS* 

0 

0-0041 

1-74 

1 ;420 

0-0032 ‘ 

1-29 

1 : 400 

0-0016 

0-66 

1 :4 io 

0-0010 

0-41 

1 ; 410 

0-00017 

0-076 

1 :440 


The coefficient of di-rision of iodino between water and carbon bisulphide may ba 
regarded as independoDt of the concentcatioo. 
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Generd Laws and Theortf of the Precadhuf PJtcnomena (Bert helot, Ann. Chim. Phug 
[4] xxvi. 408). — The fact that tlie coefficient of division it) indopondoiit of the relative 
volumoHof the two solvents when the latter form two distinct Layers, is easily oxplainocl 
as follows : — Snpiwso the dissolved soibstance to ho niiiformly distributed in each of 
the superposed liquids ; then, in order that eqnilibriuiri may subsist, it is nocessarv 
and sufficient tlnit there bo equilibrium at thu surface of contact of these liquids, ns jt 
is tliero only that the actions take place which cause tho dissolved body tn pass from 
one liquid to the other. (.Consequently tho oquilibriumciiunot bo disturbed by addition 
of a further quantity of cither liquid fiaturateJ to tho sumo degree by tho dissolved 
body. 

Tho Siiine rc.isoiiiiig is applicable to a inultituclo of i>henomona, in whicli one and 
tlio sanio body is disrributed between difforout portions of the saino system, sucli hs 
the division of a pas between a liquid and an empty spiico above ; tho formation of ;i 
sjituratod vapour in prcsuuco of oxcess of liquid; tho solution of a solid body (ili 
excess) in a liquid: and the limited dccom^sition (dissociation) of a solid or liquid 
which is giving off gases. All these divisions obey similar laws, because tlityaro 
determined solely by actions taking place at the surface of separation of t^vo distinct 
portions of a lietcrogeueous mass. 

2. Tho coefficient of division appears to approximate to a certain limit as tho liquids 
become more dilute. This cocfficimit is in fact ropriisented by a formula of tho form 
C = M + Nw, which approju-hes nearer and nearer to its first term as w becomes 
smaller. TJiis limit may bo substituted for tlie coefficient in all that relates to dilnte 
liquids. 

Let A bo the total weight of tlm body dissolved bnforo any division takes pheo- 
B tho weight which remains and tho fir.st solvmit at tho end of tho cxpi.-riment - /.- tlin 
weight di-ssoived in tho first instance by u given fraction of the socoiid solvent. If 
now this second solvent be made to act successively in equal fractions, then afUa’ n ' 
reactions, tho quantity of the soluble substance remaining dissolved in the first liquid 

will be represented by the relation ~ = (1 + !•)“. tl>“t is to eny, it will deeroiieo in 


geometric progression. If, on tho contrary, tho samo volumo of liquid bo used at onco, 
the quantity remaining will bo ^ = 1 + nh It is tlicrefore advnntagoous toempl(y 

tbo serond solvent in successive findions, and the adratitago becomes greater as tho 
co^cjcnt i IS larger. Ilio principles which nsgulato tho exhaustion of a dissolved 
substance by a second solvent are tho same ns those which upply to tio ovapomtion of 
a gas dissolved in a liquid (sec Ann. Ck. Phys, [4] xx. 422). ^ ^ 

3. Tho preceding law's afford tho means of determining whether a body dissolved in 
a liquid IS a dofinito compound or a mixture, mimcly, by agitating tho solution with 
several successive portions of tho second solvent, and determining the coofficiont of 

of”ho r”' those successive vstoes 

of -he cooflScicnt will bo exactly or nearly equal in tho case of » definite compound; 

iTnid'l V in com^pounds, these coefficients will vary thVmnre 

mpiUly in proportion as the divisiou-cocfficionts of tho several dissolved ^pounds 
f from one oiietlicr, the bodies most soluble in tho second solvent, ethw for 
gxainple, being elinmiatod more quickly than tho others. 

bccOTlo^no^I^d;?n^«“1®f ri a certain limit, not only as the liquids 

^ but likowiso as they become more concentoatei whenever the 

wndl ^th do i^"^ «>o liquids. ITiis limit cortes- 

lU the two liquids by tho dissolved body, and differs mow 

V ^ "'•'“'I. eood for thi same liquids in the dil^sb^. At 

Sfpat&*Z®^nf^’' that Uiis limit of saturated liquids would be expressed oj 

laKO ujp u gram lodiiio. The ratio of those two Boluhiliticn in i • i M On tba 
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The same holds good ’when the soluble body dissolves to a liuito extent only in one 
of the liquids, but is capable of mixing in all proportions ivith tlie other. Take, for 
example, the case of bromine in vater ami ixirboii bisulphide : here, as already deter- 
mined (p. 283), the coefficient of division is cihout 1 : 80 ; but the ratio of the solu- 
hilitics is infinite. 

o. With regard to the relations between the coefficient of division and the chemical 
composition of the substance dissolved, it is found that other removes from water with 

comparatively greater facility— 

a. The more highly carbiiretted of two hoinologons acids, c.g,^ succinic more easily 
than oxalic acid ; butyric ‘more easily than acetic acid. ff. A monobasic in profcroiico 
to tlio corresponding bibasic acid; c.y. acetic ratlier than oxalic, butyric rather than 
succinic acid. y. A monobasic acid rathm* than a bibasic acid of nearly tins same 
centesimal composition ; e.g. acetic ratlior than succinic acid. 5. Of two acids con- 
taining the same proportion of carbon and liydrogc]i, Uie less oxygenated is the more 
easily removed; succinic acid C*II® 0 ‘ r.*ither than malic malic rather 

than tiirtaric C‘H“0“. 

fi. Two bodies placed simultaneously in contact with two solvents are distributed 
Ijc.t wcon them just as if each of the bodies acted alone. This law, wliich has been 
verified by .llcrthclot in the action of waller and ether on various inixturcs of acetic 
and tiirtJiric. of acetic and oxalic, and of oxitlic and tfirtaric acid, is analogous to the law 
ei solubility of mixed gascs- 

8 taM of Salts In Solution (Hcrthelot a. St. iMartin, Chim. Phys. [4] 

xxvi. 433). The metliod of cxpeniuoiitiiig above described is applicable to the 
determination of the state of acid salts in solution, and to the question of tlio division 
of a base between two acids in solution. 

T. To dctoiTniiio tlio state of an acid salt in solution, a moasuriid volume of tlio 
solution, of known strength, is agitated with a known voliiino of ether. Tlireo cases 
may occur: a. The waUsr completely docoinposos the acid salt into neutral salt and 
fmo acid. .Tn this case the solution will yichl to the ether a quantity of acid equal to 
tliiit whicli the ether, under similar circumstances, would take from a solut ion of the free 
acid of tlie same strength, p. The water partially decomposes the acid salt, so 
that the solution contains a mixture of acid amlt, neutral salt, and free acid ; in this 
case the quantity of free acid removed by tho ether will afford the means of calculating 
by moans of tlio division coefficient, tho qiuintity of acid which existed in the solution 
ill tlui free state before the agitation. 7 . Tho water exerts no ivetion on tho acid salt. 
Ill this case tho other, both bofore and after agitation, remains perfectly neutral to 
litmus. 

As tho coefficient of division between water and other varies with the teraperaturo 
and with the conceni ration of tho aqueous liquid, it is necessary to make a compara- 
tive experiment with tho acid of the salt -which is tho subject of experiment. For 
this purpose, a solution of tho free acid is prepared of the sumo acidimetric strength 
as that of tho acid salt ; and tho coefficient of division between tliis solution and the 
ether is determined, using volumes of these liquids exactly equal to those which Avora 
employed in experimenting on tho acid salt, tho two experiments being made simul- 
Umcously, so that tho conditions of temperature may bo tho same. 

AVlion the acid suit is completely resolved into neutral salt and free acid, the two 
experiments will give the same result; in tho contrary case, the acid salt will yield a 
smaller proportion of free acid ; and by a series of trials, tho particular solution of 
free acid may bo found which yields to ether tho same proportion of tho acid as tho 
acid salt. In all cases, if tho liquid is dilute, tho proportion of free acid in tho 
solution of tho acid salt may bo calc ubitcd from the qiuintity found for the solution of 
free acid. Supposing that tho quantities of free ocid yielded to the ether by tho two 
solutions are pro^'iortional to tho quantities which romuin dissolvod in them, the sum 
of the two quantities dissolved by the water and the other after agitation will give tho 
<lUiintity of pro-existing acid. This calculation supposes that the coefficient of division 
Js sensibly true for dilute liquids (p. 283). 

The principal results obtained by this modo of experimenting are the following r 
!• Md salts qf monahasic acids, sveh as the hiaceiate and hihenzoate of fotassinm, 
afiMcoiiS solution, but are ipimediaUdy broken up into neutral salt 
tmdfr^ acid» From a solution of sodium biacotate, fop example, ether dissolves out 
ft P^ion of the froo acid, but not tho sodium acetate or biacctnte. Ifforeovcp, the 
coefficient of division is exactly tho same as that of a solution of ocetic acid of the 
wmo degree of acidity. 

2 . ^id salts ofpolffhaaic acids, on the contrarg% can exist in solution, but generally in 
m’ VI decomposition^ Such is the case with tlie bioxalatcs, bitaptrates and 

pecially the bisucciiiatcs of ppUvssium and anamoiiiumr whjclt Inst units nro more 
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soluble in water than those of tlio other two classes, and contain an acid more soluble 
in other. Potassium quadroxalate splits up on solution into the bioxali>to and free oxalic 
acid. All these acid salts aro as insoluble in ether as the corresponding neutral salts. 

3. TChc quantity of solt decomposed increases slowly and continuously with the degree 
of dUution, 

4. The quantity decomposed likewise changes continuously with the proportion 
between neutral salt and excess of acid present^ in such a manner that the staoility of ike 
acid salt is increased hy the presence of an excess^ either of neutral salt or of free acid^ 
the increase of stability being quicker however in the latter case than in the former. 

Division of a Dose between two Acids. — ^Experiments on this dirision wore made by 
adding to tho aqueous solution of the neutral salt of an acid which ^is dissolved out by 
ether from its aqueous solution in considerable quantity, another acid whoso coefficient 
of division is very different from that of the former acid. The whole was then 
Bgitutwl with other, and the final condition of the two liquids determined. At the 
same time, two other liquids of the same acitl strength, each of them however, con- 
taining only one of tho two acids, were treutod in a similar maiuiOT. 

By a series of cxpcrimeiita thus made on solutions of sodium acetate with dilute 
solutions of hydrochloric, siilplinric, oxalic, and tarUiric acids, it was found that each 
of these acids is able completely to displace tho .acid of tho acetate from its 
bases. Reciprocal experiments, in which acetic acid was added to tho solutions of 
sodium chloride, sulphate, oxalate, and tartrate, confirmed this result. 

It w’as proved also that ammonia has no power to displace tho alkali-metals from 
their acetates and oxahites. 

By adding oxalic acid solution to a sufficiently dilute solution of common salt, it 
was found that about ^^th of tho oxalic acid was converted into sodium bioxalate, about 
0 p. c. of tho sodium being removed from its combination with tho chlorine. 

The results obtained by tho preceding methods aro corroborated by tho thermic 
phenomena exhibiUKl in tho solution of salts in water and in tho mutual action of 
acids and metallic salts. On this subject numerous experiments have boon made by 
Berthelot. In one series (Compt. rend. Ixxv, 207 and 263), tho reactions of salts of 
potassium, sodium and ammonium with hydrocliloric and nitric acids wore examined. 
The strength of the solutions was such that two litres cortaiued an equivalent of the 
salt iu grams. iSimilar solutions of tho two acids were made. With the solution of 
each salt was mixed an equal voliimo of tho acid proper to it, and the change of 
temperature was observed. In these ciises the heat absorbed or disengaged was barely 
perceptible, and scarcely greater than that allowed for experimental errors. 

Thus for tho salts of potassium ; 

Units* of heat. Units of heat. 

KCl + HCl . . - 80 1 KNO* + HNO» . . +10. 

Similar experiments wero tried with tho sulphates of tho nlluiU-niotals and osdic 
acid, in a solution, whose strength was half an equivalent in grams to two litres of 
water. 

Units of heat. 

Example. K^SO* + H*SO^ — 1040. 

On mixing tho solution of the other salts'with the acid solution, similar quantities of 
boat wero absorbed. Such figures indicate a decided reaction between tho neutral and 
the acid salt. 

To ermine the mature of this reaction, different quantities of acid solution were 
successively added to solutions of potassium sulphate, and the heat absorbed uns 
observed. Thus there wore in solution succcssiroly K*SO* + H*SO^ K*iS0* + 

2H®SO\ &c K-SO* + 101I*SO* ; and it was found that tho quantity of best 

absOTbod became greater as tho quantity of acid needed was greater, but that it had » 
limiting^ value, about 2,000 units of heat, a quantity which may bo looked upon, as 
tliat which represents a complete transformation of the neutral into the acid 
Similar results were obtained with oxalate of sodium. ^ ‘ - 

Again experiments wero made by adding to solutions containing one 
sulphuric acid,, one, tw'o, or more equivalents of neutral potassium sulj^^t^, 
result was similar to that just described, reactions being obtained which 
more and more closely to that which would correspond with complete oonvdnion^ ^J 
sulphuric acid into the acid sulphate of potassium. Oxalic acid gave a siin^Ottf 
yriui neutral oxalate of sodium. The limiting value for the quantity of heait 
in these last experiments — a value which may be supposed to -belong te # 

■' ""r 

* The unit Of hoot is the quantity of heat required to nlM 1 gram of water j 
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conrersion of an equiyalent of sulphuric acid into add sulphate of potassium by 
the action of a large quantity of neutral sulphate^ or of an equivalent of oxalic 
Hcid into acid oxalate of sodium by means of neutral oxalate — was the same as that 
found for the converse reaction, being 2,000 units of heat for the sulpliato of potassium, 
and 600 units for tho^ oxalate of sodium ; and it is interesting and important to 
remark that tho heat given out during the conversion by moans of potfisli, of sul- 
phuric acid into potassium sulphate, viz., 15,700 units, when reduced by this numljcr 
2 , 000 , gives 13,700 units, the same quantity that is given out during tho conversion of 
a’ monobasic acid, sudi as nitric or liydrodiloric acid by tho same means. A similar 
comparison may^ bo made for tho case of sodium oxalate. 

Lastly, experiments wore tried as to tho efibet of the water of solution, and it wn.<! 
found thfit, on mixing an equivalent of sulphuric acid with an equivalent of neutral 
potassium sulphate, each in the first instance dissolved in ono litre of water, then each 
in two, afterwards each in fivo litres, and so on, the quantity of heat absorbed became 
loss and less. This represents a reaction less and less complete as tho solution is 
more and more dilute. In a solution in -which ono equivalent of the acid salt is con- 
tinued is 20 litres of water, little more than tho half will remain as an acid salt, tho 
remainder being split up into free acid and neutral sulphate. 

These facts concur in sho-wing that there is a species of equilibrium, by means of 
which, in the case of the salt of a bibasic acid, the four bodios, tho wafer, the acid 
salt, the free acid, and tho neutral salt, all coexist in tho siimo solution. Tho propor- 
tion in which they coexist depends ujion tho proportions of water, nerd, and neutral 
salt present. 

The formation of an acid sulpliato by solution is accompanied by an absorption of 
hi:at, M'hich liowoviT is only apparent, the actual formation of the acid salt being 
iittcnilcd with a development of heat, and tho fall of temperature obscr\'od being duo 
To secondary phenomena connected with tho solution of tho salt in water, which, 
tiiken together, overpower the effect due to the formation of the salt. 

In the case of monobasic acids, the experiments were made as follow : 

Solution of sodium acetato^ono equivalent in grams dissolved in two litres of 
water — was mixed with aqueous nitric acid, 1 oq. in 2 litres, and the quantity of heat 
^Mveii out during the mixing was determined. Next, solution of sodium nitrate, 1 cq. 
ill 2 lilrc.s, was mixed -with acetic acid solution of Uie same strength, and tho heat 
{{ivoM out was observed. Tho quantity of heat found as the representative of tho 
elicmical combination which bikes place was, for tho first operation, -i* 450 units, and 
for tho second, — 60 ; tho total, found by subtracting the second from the first, that 
is, by adding 60, is 510 units. Comparing this with tho difierence between tlie heats 
(lurcloped during tbo neutralisation of weak nitric acid and of weak acetic acid with 
«0(la, the number is found to be exactly the same, and in favour of the nitric acid 
combination. Hence it is concluded that when nitric acid and acetic acid in equivalent 
quantities are present in the same solution and in presence of ono equivalent of soda, 
the nitric acid takes the whole of tlie soda to itself, and the acetic acid remains com- 
pletely uncombined. 

Hydrochloric acid, in presence of acetic odd and soda, likewise con^lotelv satisfies 
itself by forming sodium chloride, ns proved^ by the heat evolved. - The phenomena 
observed when a bibasic acid and a monobasic acid are together presented to a single 
base in solution arc various, and such is the case when two bibasic acids are simul- 
taneously^ presented to the same base. Carbonic acid is completely displaced from its 
combination by nitric, acjot ic, sulphuric, and tartaric acid, no bicarlionate being formed. 
•Sulphuric adrf completely displaces acetic add from its combination with Uio alkalis, 
^iid during the reaction much heat is given out. Tartaric acid almost completely 
displaces acetic odd, but during the reaction heat is absorbed. The result is confirmed 
by tho method of two solvents, above described, which shows complete conversion of 
acetates into tartrates. 

The reactions of the oxalatM and sulphates in presence of nitric and hydrochloric 
acids are more complex than those mentioned above. Here it ie found that add ealtie 
are formed in quantity depending on the amounts of the various bodies present. Tho 
Quantity of water ^ especially has an important influence on the result. As already 
pointed out, tho six bodies in the solution form a kind of equilibrium among th^- 
aeivos. For example, the result of tho finished reaction, and coneaquontly the amount 
ot heat given out, depends on tho equilibrium due to tho quantities formed ci 
^dmm sulphate, sodium bisulphate, free sulfuric add, sodium nitrate, free nitne 
and water. 

Tho following expeiiments relate to the fonnation of motallic salts by the union of 
^(18 with the oxides of rinc, copper, lead, dte., and particularly of ibiric 03^e, 
lifertholot, Oori^. rsnd. Ixxiii. 1472; Ixxiv. 48 and 119). 

in tho case of many of the salts of these metals, tho ooncentratioii of the solution 
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oxerts a far greater influence on the quantity of heat disengaged daring a reaction thai 
it docs in the case of salts of the alkalis. Thus equivalent quantities of — 


Zinc acetate (1 cq. in grains in 10 litres) and caustic potash (1 eq, 

in 2 litres) being mixed, gaivo 44 ()q 

Zinc ncptato (1 eq. in 2 litres) and caustic potash (1 eq. in 10 litres)., + 540 


This effect is almost entirely duo to the difference in concentration of the zijn 
acotiito : for if a solution of caustic potash, one equivalent in two litres, be dilutoi 
with water so as to become ten litres, the thermal effect is scarcely appreciable, neithe 
is the effect of the dilution of an alkaline acoUito more perceptible. On tlie otluj 
hand, solution of zinc acetate, 1 equivalent in 2 litres, 


diluted to 4 litres, gives 500 heat-units. 
.. 10 „ 101 


The heat developed during the solution of zinc oxide in acetic acid in presence 0 
different quantities of water, increases as the solution is diluted ; and tlio same is tin 
ease with many other sails. Li some cases, hoAvevor, as in tliose of the acetates oJ 
VKitassium and sodium, and in that of zinc sulphate, the addition of water has liith 
or no effect after a certain iwiiit is reached. 

Experiments were also made to ascertain, by observation of the heat developed or 
mixing solutions of various siills, u-hen double decomposition Uikes place. 
zinc acetiito u-AS mixed -wilh sodium sulphate, aiid zinc suljtoo with sodium’ iicctalc 
Jincl it was found that, in the former case, the heat given out is nothing more tlian that 
( uo to the dilution of the zinc acetate, while in the latter the occurrence of doiibh 
decomposition nuLstbe supposed, in order to account for its development or absorption! 
It is thus shown that, on mixing two .solutions of salts, the final result is that tin 
stroTigiT base unites with the stronger acid, and the weaker base with the weaker aci«l ' 
111 tact that salts arc formed in the order of their stability, double decompositioi] 
occurring when.iiocessarv for this fimil result. This was shown to hold for tlie various 
salts of several metals, but tlio most striking results were obtained in the case of the 
lorric salts. 


hoiTic sulphate, nitrate, and acetato wore examined, each salt first by itself in 
BoUaions of varied concentration, then iu mixture wiUi solutions of other salts. 

by moans of tho heat given out during dilution and 
mixture, the state of tho union existing between tho acid and base. Tho insUbility, 
or at least the feebleness, of tho union was first pointed out by Pian do St. Gillcs in 
acetate Solutions of the salts: first, rocoiitly dissolved; secondly, 

recently dissolved, but boiled for some minutes and then cooled; and, thirdly, after 
of months,— were mixed with equivalent solutioiif* 

of caustic potash, aud the following results were obtained:— In the case of tlie buI- 
thn III all three case.s is nearly the same; but in the case ui 

1 " ® solution of the salt recently dissolved in the cold is sensibly 
^ boding, the same solution kept for throe months gives a result whicli 
f fb«t slow disunion between tho base and the acid has been going on. The 
timu* ?iif irl docomposud when the solution is kept for a Ion? 

•eom^eWsurftod ” “ * base arc found to bo almost 

toiled and then mixed with solution of potos- 
conmiletion <r’n 1 1 <i'*®^gomcnt of heat takes placo, indicating a molocnloi 

?PP«r» to «,™»pand with fl.o assumption of the 
“ ^ Wnd of procipitatiom 

sitifl thiFnri/1 -4. 1 iiiycstigation aro that, in solutions of ferric salts, the aside 
to the water TJtuV” incomplete and feeble manner, and the uSoTie 
tlie case of salteformiS**''\wi.""^ ^tly by temperature: this is most apparent in 
iinth^^t fa nof i^ten)!?^ the w^-cr adds. Tho reaction of the water ii^eaj^ 
of rthoM to w4Vr totpi^lPessiro, ae is the case wit* the decempj!!^ 

pnnf?i‘finnci ^ fioully tlio cffccts upo iiot alwuys reversible by 

diHor^X^^nr^fXh f ^ iron once sepamtod from ito ^d assumes a Mlecolar !^- 
” rotnming to jte old state in combination, 

In tjio action of an acad on its corresponding ferric salt, heat is liberated, 

tho acid solution is added, which 
an incraised union between the oxide and the acid due to 
amd. A «,ltttton of an alkaline salt of tlie sS ’ 
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effect on the solution of the ferric nitrate or sulphate, but 'when solution of sodium aco- 
tato is mixed 'with solution of ferric acetate, complete though gradual decomposition 


takes place. 

The presence of two ferric salts in a solution diminishos the decomposing power of 
wiiter on each of them. 

When a solution containing an equivalent of nitric acid is mixed 'with a solution 


containing an equivalent of ferric sulphate or ferric acetate, the sulphuric acid or the 
acetic acid is displaced by the nitric (tcid. Sulphuric acid completely displaces acetic 


acid from ferric acetate. 

Finally, Uio double decompositions which take place on adding solutions containing 
various salts in equivalent quantities to solutions of ferric salts confirm the rule, that 
the stronger acid joins itself to tho stronger base. 


Aimmiia Salts . — By observations on tho heat developed in tho [combination of 
nnimonia with strong and weak acids in presence of various proportions of water, 
liorthelut finds that, in tho case of strong acids, the results are not sensibly affected 
cither by different degrees of dilution or by the presence of excess of ammonia or of 
tho acid, hut that with weak adds, as phonic, boric and carbonic, tho proportion of 
add, base, and water exercises a very decided, infiuonco on tho quantity of boat 
developed ; tlius, in tho formation of ammonium borate in presence of quantities of 
■water varying from 220 to 1320 oq. tho heat evolved varies from 2250 to 3640 units ; 
and in the formation of the carbonates of ammonium, tho quantities of heat evolvcil 
vary with the proportions of carbonic anhydride, ammonia and water, in the inaiinor 
shown in tho following table : — 


+ NH» in 

presence of llOH^O disengages 

9730 

+ UNIP 

„ „ 146IPO 

10940 

+ 2‘NU» 

„ „ 220H2O 

12340 

+ 3 NH» 

„ „ 330H2O 

13240 

+ 4 NH* 

» 440n-O 

13620 

+ 6 NH* 

„ „ 550H*O 

13020 

+ 6 NH» 

„ 660H*0 

14040 

+ 7 NIP 

„ „ 770H«O „ 

14070 


Tlicflo results show that the proportion of water present exercises a much more 
marked influence on boric add tliaii on carbonic acid, but that tho decomposing influ- 
ence of water seems to produce, at first, greater effects on tho compounds of tho latter, 
which however rapidly becomes very small, whilst with boric acid tho progression is 
more regular (Co7npt. rend. Ixxiii. 864). 

The opinion generally entertained tliat no tliermal effects are produced by mixing 
neutral salts is not justified by tho behaviour of salts with weak acids. Whilst the 
earbonatos of potassium and sodium and tho bicarbonate of ammonium aro not only 
not decomposed by water, but do not evolve any heat w'hoii mixed with neutral salts 
of the alkalis, the neutral carbonates of tho fixed alkalis absorb heat on being brought 
tugether with the neutral ammonium caxbonatc, and liberate heat'witli the bicurbonato 
of anunonium. Neutral ammonium carbonate mixed with potassium or sodium carbo- 
nate liberates heat. 

Ammonium bicarbonate is decomposed by tho carbonates of potassium and sodium, 
henb being absorbed, w'hilst it evolves heat when mixed 'With neutral ammonium 
carbonate. 

Ammonia alone does not produce any reaction with potassium carbonate. 

These facts can only bo explained on the supposition that neutral ammonium carbo- 
nate does not exist as such in its aqueous solution, but that part of it splits up into 
bicarbonate and free ammonia. If, then, potassium bicarbonate bo present, it is 
neutralised by the ammonia. The action of the ammonium bicarbonate upon tho 
neutral potaesium salt must be regarded os a double decomposition, inasmuch as 
potassium bicarbonate is formed, together with neutral ammonium carbonate, which 
again splits up in the manner already described. Whatever tho original state of 
tuin^ may have been, the final equilibrium arrived at is always the same, giving rise 
sunultaneously to five compounds, viz., the neutral carbonate of potassium (or somum) 
ana ammonium, tho bicarbonates of the same bases, and free ammonia, 
mcarbwte of ammonium does not show any thermic reactions when brought into 
intact wiUi the neutral salts (dilorido, nitrate, sulphate, &c.) or with the bicarbonntes, 

1 . P^jMsium and sodium ; moreover the difference of the heats of combination of the. 
icaroonates of potassium and ammonium is the same as the difitoence of the heato 
potassium and ammonium salts with strong acids : hence it 
ammonium bicarbonate in presence of water is quite as stable as tiie 
&»twrium and sodium, 

Zna Sup, U 
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From this it may bo inforred that it is not tlio gaseous tension of ammonia and 
carbonic acid exhibitod in tho solid timmomum carbonates which caiisos thesQ salts in 
thoir aqueous solution to change thoir states of equilibriiun. 

In general, it appears that any system formed by a mixture of ammonia, carbonic 
acid, and w'uLur, always tends to the same state of equilibrium, whatovcp its original 
conditions may have been. When the ori^nal state of combination is loss advanced 
than that rcquiroil for the existence of equilibrium, heat will bo evolved, whereas it is 
absorbed when tho original state of combination is more advanced than that cotres- 
punding to the state of equilibrium. 

It is this state of incomplete combination, that is to say, tjio manner in which tho 
base of a salt divides itself between acid and water, which characterises tho weak 
acids, and may in future enable ns to define more precisely than before the vaguo ' 
terms weak and strong acids and bases. 

The neutral salts formed !>y strong acid^ are sbiblo, inasmuch as tho addition of 
water or an excess of base does not give rise to any deconiposilion or other read ion 
indicated by tho thermometer. Weak acidsy on the other hand, form with most of thu 
strong bases, and especially witli ammonia, salts capable of being decomposed ly 
water (Bcrthclot, CoQupt, rend. Ixxiii. 951, 1003). 

The thermal phenomena produced when two salts are mixed in solution iiiilicato 
generally that tho strong acids combine by preference with tho strong bases, leaving 
tho w'eak acids to combine with the weak bases, so that the salt most stal)lQ in tho 
presence of water, and as a necessary consequence tho one least stable, are formed. 

1st. JBotk salts formed with Strong Acids. — When solutions of tw'o neutral and 
stable salts tiro mixed, a feeble thermal effect is produced, wliich is not the sum of tho 
effects produced by pure water on the two solutions separately, taken at the same 
temperature. 

2nd. One salt formed with a Strong, and one with a Weak Experiments on tho 

action of the neutral carbonates, bicarbonales, pliciiatc.s, borates, cyanides and sulph- 
hydrates of t he alkali-metals on ammonia salte have sbow'ii that tho potash or soda 
always combines with the stronger acid, leaving tho ammonia to combine with the 
weaker. If the ammonium salt formed is stable in presence of w'ater, the therinal 
effects produced by the mixing are but slight; if, on tho other hand, tho ammoniura 
salt pranced is decomiHJscd by water, a.s tho carbonate for example,' an appreciable 
absorption of heat is the result. 

Tlicse facts, together with others obser^’od in the reaction of salts both containing 
weak acids, show that double' decomposition takes place between salts in solution, by 
which tlio compound most stable under the conditions of tho experiments is alwayjJ 
formed chiefly, if not exclusively. 

Tho various conditions of equilibrium thus developed play an important part in 
coses where some of the salts are precipitated as well as in those in which they all 
remain dissolved (Berthelot, Cmnp, rend. Ixxii. 1050). 

Precipitation. In tJio formation of precipitates there is for tho most part a 
development of heat, just as in the solidification of a melted substance ; bnt in the 
former case the operation is much more complicated, as various otJior actions have to 
be considered, such as ciy'stallisation, change of aggregation, &c, 

l._ Fomuiiion of a Solid Compound. — Tho heat disengaged in the formation of a 
precipitate is duo in great part to tho separation of a solid body, as is shown by an 
examination of those salts which produce precipitates only when the solutions aro 
^Dcontrated, such^ as load chloride, potassium picrato, and calcium tartrate. 

C^ride . — On adding a dilute solution of sodium chloride to one of load nitrate, M 
that no precipitate is formed, an absorption of heat takes place, about equal to that 
produc^ by tho dilution of the lead solution ; but when a precipitate is formed, there 
18 a disengagement of + 2000 heat-units for oarii equivalent of lead chloride 
actiwlly ^ecipitatod. Potassium Picrate, — ^If dilate solutions of potash and picric 
acid bo mixed, the heat disengaged corresponds to that of neutralisation, but irnen a 
precipitate is obtained, + 10,000 heat-units are disengaged for each equivaWnfriOjf 
precipitated.^ Calcium 7br^ra/c.— Solutions of sodium tartrate and diibride 

remain limpid when first mixed, heat being at the same time di8eDfl;agod;('4 1040)* 
After the lapse of some minutes, however, a ciystalline picripitate of wl^ibu tSrtmte 
IS formed, accompanied by a further disengagement of heat ( + 2060). 
these examples it may be seen that it is not tlie chemical reaction which cbXubH the 
chief disengagement of heat; but it must not bo imagined that all prec^fetS?* ? 
attended with evolution of heat, as tho effects of dehydration, &c.. somtimw 
even negative. 

a. DehgA'^ion ^ the ^poundt FfecipUated.—Litn$. Andrew. 
tu FE«cii«tation of lune from dilute eoluttone by potoeb glvee tiee to in 
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heat, which may be explained by the fact that calcium hydrate dissolves in water with 
(iisengagonient of heat, so that the precipitation of lime should be accompanied by a 
ddmlration, that is a decomposition, the heat absorbed by which more than compensates 
for Uiat which is disengaged during the solidification of the calcium hydrate. Calcium 
carbonate also precipitated in an amorphous form gives rise to an absorption of heat, 
Avliich Bertliolot believes to be due to the partial dehydration of the compound at the 
moment of its precipitation. Magnesium carbonaiCf ferrous carbonate^ and manganese 
carbonate give rise to an absorption of heat, representing a dehydration of the insoluble 
compound. Calcium sttlpkalc and strontium sulphate. — The mixed solutions of sodium 
sulphate and calcium or strontium chloride remain clear, a slight absorption of heat 
t'dving place ; on causing precipitation, however, by the introduction of some crystals 
of the sulphate, there is a slight disengagement of heat, liariiim sulphate^ when pre- 
cipitated, on the contrary, evolves considerable heat ( + 2500 to + 2900). Those results 
iiiilicato tho existence of a thormic action of a contrary sign to that of solidification, 
uiid varying in tho different salts. 

3- Separation of the Acid and Base in Salts. — ^Not only can the saline hydrates which 
exist in solution bo transformed into precipitated hydrates of a different typo by double 
decomposition, but even a partial or total sop.*iration between tho acid and base may 
bo offocted, in which case, us in that of dehydration, heat is absorbed. In general this 
docom position is not complete, the normal compound being separated into two others, a 
basic hydrated salt, which is prccipitited, and an acid salt which remains dissolved. 
Zinc Carbonate. — The comfiosition of this precipitate varies according to the temperature 
and the proportions of water, base and carbonic acid which are present, and its formation 
is attended with absorption of heat. In tho normal reaction, when equivalent quan- 
tities arc used, the total absorption of heat does not tako place at once, a secondary 
reaction .setting in by which a further but comparatively small amount is absorbed. 
These idicnomena correspond witli the formation of a basic hydrocarbonato mixed with 
double salts of variable composition. If an alkaline bicarbonate be substituted for 
the carbonate, neutral zinc carbonate is precipitated, tho heat absorbed in tliis case 
being iniicli less tliun with tho alkaline carbonates. This reaction also takes place by 
two sbiges, and after u itmo a third action commences, accompanied by an absorption 
of iKjat, and a very feeble evolution of gas. This is due to tho foivnation of zinc 
bicarbonate, which subsequently undoi^oes decomposition, neutral zinc carbonate 
(‘mixed until a double salt) being precipitated, and carbonic acid remaining in solution. 
Tlio absorption of hoiit is moro feeble than with tho neutral alkaline carbonates, as it 
represents only tho decomposition of tho zinc bicarbonate into neutral carbonate and 
carbonic acid. Copper carbonatSt precipitetod by an alkaline carbonate, produces in 
strong solutions (1 cqniv. « 2 lit.) an absorption of heat, which, like the precipitetion, 
is immediate; after a short time oifervcsconco sots in with further cooling, indicating 
that normal cupric carbonate has but an ephemeral existence. Ferric carbonates . — 
On trtaiting crystalline ferric nitrate with potash, 7870 heat-units were disenga^, 
from which it m.ay bo calculated that ferric nitrate (1 equiv. 2 lit.) poured into 
potasshm carbonate (1 equiv. « 2 (lit.) would absorb —100. From the results ob- 
tiiinc.d with ferric sulphato and iron-alum, it may bo inferred that no definite ferric 
ftirbonate is formed, but divers complex systems containing a basic salt, an acid salt, 
and free acid. Alumina. — From the results of treiiting aluminium sulnhate with 
potessium carbonate, it would appear that a molecular condensation of uie alumina 
hikes place. Chromium. — With diromo-aluni and an alkaline carbonate there is, at 
^st, an absorption of heat, and afterwards a feeble effervescence, accompanied by a 
disengvigomeiit of heat, indicating that there is a special molecular change in the ch^- 
nuum oxide comparable with the formation of a polymeric body. 

4. Changes in the State of Aggregation. — ^This is the case with those precipitates 
^'hich are amorphous in the first instance, but gradually ognegate and Anally become 
crystalline ; tlicso successive changes, which maybe observed unden a microscope, give 
to an evolution of heat. Strontium carbonate is precipitated in an amorphous 
y n-ccompanied by absorption of heat (—400), but the precipitate after a time 
locomcs Crystalline, causing an evolution of beat + 400 to + 660. With bariunt 
carbonate tho diflferonco between tho two actions U iess marked. Lead carbonate at 
P8t iliBongagcs + 400, but tho thermometer mounts rapidly, and ultimately tho 
^n|ount of heat disengaged is 2620. In silver carbonate the thermic results corremnd 
»tii amorphous states which succeed one another too ra|ndly to be distinguished. From 
with dilute solutions, however, it is calculated that the heat evolved 
thoc»mbination of carbonic acid and hydrated silver oxide exceeds that of tho form** 
erva? nitrate. The {^ipitation of the oxalatest which ore for the most ^art 

Bulp^to*^®' much *heat» the calcium salt evolving as much as banum 

u 2 
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Hlany eiFects marked by thermic phenomona are produced during the double decom- 
position of salts ; at the momoiit when the solutions are mixed, a cci^n definite 
equilibrium is attriined, depending upon the proportions of water, ot tile pnmiti vo salts, 
and of those newly formed ; but when these latter ere insoluble, they undergo further 
changes both chemical and physical, such as dehydration, crystallisation, &e. Thu 
heat disengaged, therefore, is not the measure of the forces set in action, except in 
those cases whore each 'individual change causes an evolution of heat, or the comrary. 

l>6COiiipOBitloii of Cryrtallliio Sftlti In Solution! — Cfjistallinc Dissociatiou 

(Fnvrea. Valson, Cowpt, rend Ixxiii. 1111; Ixxiv. 1016, 1065; Ixxv. 798, 925, 1000, 
1066, 1071. Gassctla chimica italiana^ ii. 100, 563, 569. Chem. Centr. 1872, 26, 
457, 475, 572, 651, 730; ISTU, 42. Chem. Soc. J. [2] x. 22, GOO, 1068; xi. 32, 120). 
When a crystalline salt is dissolved in water, a variety of phenomena take pLico. 
In the case of a crystal of sodium sulphate (NaSO* + lOHO) * for instance, it may 
bo conceived, in the first place, that there is a disaggregation of the molecules which 
compose the crystalline edifice, and that, moreover, there is an effect analogous to 
fusion. The latter is probably of a complex n.ituro, being accompanied (1) by the 
disunion of the chemical molecules, and (2) by the separation of the water associated 
with the salt to form the crystal, or by the addition of more water to it. The quan- 
titative chemical methods hitherto applied to the solution of this problem do notciiallu 
us to distinguish botwocn the separate amounts of work ot which the final result is 
made up. It is better, thoroforo, to resort to thermochemical methods ; but, even 
tlicn, serious difficulties present themselves : for, although the combination of mole- 
cules gives heat, and their separation produces cold, still tho final result represents 
08 ly tho difforenco between those two, and in tho present state of science tliis difiiculty 
ciiiiMOt 1)0 directly resolvcd.f 

Tho sulphates have many advantages for this investigation, as they differ consider-* 
ably in their crystalline form ; andw'hilc sonic are anhydrous and others contain inoi'o 
or loss w'ater of crystalli.sa.tion, many of tlioni, being isomorplious, are capable of 
crystallising together. These salts have been examined in tlio crystalline sbito, either 
anhydrous or containing more or less water of crystallisation, and in tho state of suits 
partially dehydrated by heat or by treatment with alcohol. Table I. contains tho 
results obtained with salts of various degrees of hydnition ; Table II. those given by 
isomorplious salts ciystallised togctlier : — 


Table I. 


Sub6tniic<i 

iroat-iinits 

Su1)!itllllCC 

IIo.it-umt4 

FeS()^7HO . 

- 2182 

MgSOMIO . 

CuSOMlO . 

5403 

ZiiSO«.7IIO . 

- 2074 

4734 

MgS0^7H0 . 

- I860 1 

MnSO'.HO . 

4216 

NiSO*.7HO . 

- 1944 

CdSO\H() . 

SOlO 

CoSO\7HO . 

- 1080 

MgSO* .... 

10153 

CuSO«.5HO . 

- 1216 1 

ZnSO» .... 

9289 

MnSO<.6HO . 

-1- 235 

CuSO* .... 

8149 

CdHOVSHO . . . 1 

+ 1531 ;| 

IMnSO* .... 

7085 

Na.SO<.10HO . . . 1 

- 9300 

Cd.S()» .... 

5344 

ZnSO'.HO . . . 1 

-f- 4812 ij 

Na«0^ .... 

354 

ZnSO<.3-76HO . 1 

+ 2205 '1 

KSO^ .... 

- 8170 

ZnSO<4-46H() 

+ 1354 ! 

(NH^}.SO' . . . 

- 975 

ZiiSO‘.4-66HO 

ZnSO*^17HO 

.+ 1198 1 
- 307 J 



,, *0 = 8;S = ]fi. 

slmultaiieoiw cqnationh of Ncvernl unknown qiiuiUties lli>lg«b» 
rcquirinbi in ordor to eqIvo it, qs immy iudcpcuclout ctimitious as there arc u^nown quaatltieSi 
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Table II. 


Siibstiuicc 

ircat-uiiit.s I TliO crystiils coiitiiia | 

I Copper sulphate aiul zinc sulpliatc crystallised together 

/tiSO'‘.5HO .... 

- 1166 23-28 p. c. ZnSO*.5HO 

CuSO'.IHO .... 

- 2060 44*30 p. c. CiiS0^71IO 

Copper sulphate and mMgno.slum sulphate crystallised together 

MgSO‘.5HO . . . . 1 

- ir94 10 94 p. c. MgSO^.SHO 

CuSO'.7HO . . . . 1 

- 2130 47 37 p. c. CuSO\7HO 


It will bo observed that the anhydrous sulphates give very diiToront numbers, 
iiltliougli tlioy are mostly positive, and that this diffbrcnce disappears as the number 
nf iiqulvalonts tif water in the crystal increases. Hciico it appears that the greater 
jiiLi’t of the heat evolved tluring the solution of an anhydrous salt, or of a salt in a 
sliilL' of Jiyd ration inferior to its normal state, is duo to tlio formation of tho crystal 
which confciiiis the normal proportion of water. Moreover, tho heat due to tho com- 
liiufition of tlio first molocnlo of water, greatly exceeds that duo to tho succeeding 
iiuilcculos ; thus between anhydrous magnesium sulphate and tho same with one 
(iijiiividunt of water, there is a difforonco of 4659 heat-units for tho addition of one 
^ ((jui valent of wjiter, whilst between magnesium sulphate witli five and that with seven 
oquivideuts, there is only a diffcrenco of C6G for two equivalents of water. 

jVuother questioJi now arises as to what is the state of a salt partly dehydratoil by 
alcolujl? It will be found, by iiiteriwlation of tho numbers in Table I., that tho 
miinbcr of heat-units corresponding to zinc sulphate dehydrated by alcohol and con- 
taining five equivalents of water, is 1000, whilst zinc sulphate with five of wuUt, 
olilnined by crystallisation with copper sulphate, gives — 1166, being a difference of 
21 1)0 licat-units. 

Again, wil.li regard to double salts, it is found by experiment tliat tlio amount of 
lifvit set free by tho solution of one of two salts remains sensibly the same, even if 
lli(.! water. already contains the other salt in solution, so that if tTvo salts are dissolved 
in water, tin) total amount of heat is the same as the siiiii of tho two determined sepa- 
ratcly. If, how'ever, they exist crystiillised togeUier as a double salt, they give a very 
diillroiit result ^ 

Table III, 


j Sub-stniico 

1 

Heat-units 

A. Sum 

Siibstanco 

D. Hcat- 
imlta 

HiflPerencc 

between 

A and B 

KSO* . 
CuSO'.SHO . 
(NH‘)SO‘ . 
CuSO‘.6HO . 
If Cl 

1 CuC1.2HO 

- 3170 

- 1216 

- 976 

- 1216 
- 4674 
+ 2323 

' 

- 438g| 

- 2191 J 

- 2251 1 

Double salt, ]' 
witli 7110 1 

Double salt, 
with 7H0 I 
Double salt, 
with 2HO 

- 7180 

- 6622 

- 3491 

2794 

2431 

1241 


It will he seen from this table that the amount of cold produced by double salts in 
iHsolving is much greater than the sum of the amounts produced by the two salts 
isBolvM separately. This effect appears to be due to the fact t^t a certain amount 
formation of a double salt, giving rise to a disengagement of 
tat, and mat when the double salt is dissolved, there is aninvorse work of decoin- 
cobin » accoj^ding to this supposition, the numbers in the 

nipnf *1 ™ “"®reiicc8 represent tho work of combination or decomposition. Ezperi- 
whifli. ♦ ? ^ establish a relation between the heat disengaged and the contraction 

knim. ® dissolved. If the density d, o! an anhydrous salt is 

occupied by an equivalent jp, can be deduced from it When 
of ” dissolved, say in a litre of water, it is easy to determine the increase 

Toimno V. Tho diifiirence F-erepresenta then ^ oontraodon of fehe salt on being 
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dissolved, whilst will represent the co^iciait of coniractmi with respect to tlio 

original volume J\ 

The values of d in the following table arc those given by Filhol ; tlie values of ^ 
are deduced by methods which will bo described further on (p. 298) ; 

Tabi,e IV, 


AnbyilrouR salts 

P 

i 

i 

1 

i/ 

7» 

Vv 

I 

y 

r 

KSO< . 

87 gi-. 

2*6 

33 

21 

12 

0*30 

- 3170 

NaSO* . 


2*G 

27 

10 

17 

0*63 

' 354 

CiiSO^ . 

80 1 

3*5 

22 

4 

IS 

0*81 

8149 

ZnSO* . 

80*75 

3*4 

23 

4 

19 

0*83 

9289 

MgSO* . 

60*50 

2*6 

23 

3 

20 

0*87 

10152 


In this table c is the number of licat-units, and it will bo seen that they incraisein 


the same ratio ns the contraction V — r, or the coefficient of contraction — from 


this it would appear that tlio licat disengaged increases with tlie contraction effected 
in the substJinco, and is, at least, jiartly, the immediate consequence of it. 

From the general principle that tlio different forces necessary to produce a given 
affect are cqiii^iilont to one another, it follows that the contractions produced in a 
liquid: (1) by lowtTing the temperature, (2) by oxtornal compression, (3) by tlio 
solution of a salt, may bo considered as throe (effects of the same order, and conse- 
quently equivalent to the forces which produce them. From the known coefficient of 
the expinsion of water (0*0001320 according to Kopp) it follows that a litre of 
water, when cooled 1®, contracts to 9,998,680 c. c. and that u contraction of 1 c. c.pcr 
litre corresponds with a fall of temperature equal to 7*576°, i.e. to 75*76 units of heat. 
Tills number is therefore the measure of the work required to compress a litre of 
wvter by 1 c. c. at 15?. On the other hand, Kognault has shown tliat the coefficient of 
compression of water « 0*00004685, for one atmosphere : consequently the compression 
of a litre of water by 1 c. c. requires a force of 20*34 atmospheres. From this it may 
bo inferred that a litre ot water subjected to a compression of 21*34 atmospheres 
would disengage 7576 units of heat. 


If then wo suppose a .salt to bo dissolved in a litre of water in quantity sufficient to 
produce a contraction of 1 c. c. it follows tliat the sum of the forces which come into 
play, wdiiitever may be their mode of distribution, is equivalent to 7576 units of heat, 
or to a pressure of 21*34 atmospheres. 

For sodium sulphate the following numbers have been obtained ; 


Anhydrous salt (Equivalent); 

>’ >1 (Density) . 

M „ (Volume) . 

Hydrat6d salt with lOHO (ISquivalcnt) 
» (Density) 

» (Volume) . 


. P = 71 grams 
. D = 2*681 

. V =. g = 26-6 0.. c. 

P =■ 161 grains 
. D » 1*463 

' “B °* 



• T**® of tho anhydrous salt, 2fi-6 c. c. added to tho Tolume of lOHO - 90, 

0<^iKqu tl ^^**^**** actual volume of tho crystallised salt is only 110 Ci c. 

1. Sodiun 
contraction < 

2 . 

water, a liquid is obtained whoso density = 1 - 0606 , and volume therefore - lOdO’Sc-c*; 

“f ‘I*® ““hydro®® salt itself is 26 5, tho total rolume of th« tswlw* 

suffered by solution a contraction of 20*6 — 9*8 = 16*7 c c 
To determine the for^ required to compress the water, os stronglyaa : 
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1 V the net of dissolving tlio salt, the abovo-mentioncKl numbers, 7576 heat-units and 
‘n-34 ntmospheres, must bo multiplied by the nunibor of cubic centimeters in each 
c;ise. The results are given in the following table : 

Table V. 


1 pq. Prtlt (li«iJOlW(l ill 

j litre of wiitvr 

Contraction of 
vuluinu 

Contraction 
nieosnred in 
Ucat-uiiita 

Contraction 
mctiHured la 
Atmospheres 

Heat-units 
ol*serve<l in the 
Ciilorimotcr 

Anhydrous salt . 

I HydiMto 

I Cn'-'^talli-SMtioii 

16-7 c.c. 
10-5 

0-5 

126519 

79518 

49241 

356 

224 

139 

-H 354 
- 9300 
+ 9654 


The cfilculated numbers in the third column differ greatly from those in the last, 
■which are obtained by direct observation. Now the water, in dissolving the salt, gives 
no to it iilrnost all the lioat doveloptwl by its own contraction. If tlien T and T' dunoto 
the numbers of lioat-uiiits equivalent to the internal w'ork expended in tlio combina- 
lioii of Iluj aiiliydroiis and hydrated salts respectively with water, wo have for the 
.'iiilivdrous salt, T + 354 ^ 126519 heat-units, therefore T = 1261G5; and for the 
hydiate, T' — 9300 =- 79548 units, therefore T' = 88848. Hence T — T = 37317 
junt-niiits, which imimber expresses the quantity of heat given up by the water 
(lOllO) to the salt fciO'Na to form tho crystallised salt tiO^Na + lOKO, and agrees 
5 i])pi-oxiniaLt‘ly witli the cxporimental number 39500 given at the end of tho following 

The value and di.stribution of the work are therefore as follows : — 

Table VI. 




Heat-units 

Units of heat evolved by tlio 
water for contraction of . . . 

Algebraic sum of tho Iloat-units 
given by tho Calorimeter . . 

; Heat-units as mo.nsure of the in- 
tiTiial -work of combination 
! between salt and water . . , 

T6'7 C.C. in SO*Na + Aq 

10*5 C.C. in »SO'*Na.lOHO + Aq 
6‘5 C.C. ill SO^Na + lOHO 
SO*Na + Aq 
. SO^Na-lOlIO + Aq 

SO^Na + lOlIO 

SO^Na + Aq 
■ SO^Na.lOHO + Aq 

SO^Na + lOHO 

126,519 
79,648 
49,244 
+ 354 

- 9,300 

+ 9,664 

126,165 
88,848 
j 39,690 


77/ c yfZw 5 . —The salts of this group are particularly well adapted for the en- 
quiries under consideration, on account of their great resemblance to one another in 
toini and composition. 

Tliu following tables exhibit the quantities of heat developed or absorbed in the 
tiolution of these salts in water uuder various conditions : — 

Tabls vn. 


Thvrmk action in the solution of 1 in a large qiiantity {about 1000 eq.) 

of water. 


Alums 

Equivalents 

Hcnt-nnlta at 
SMI** 

Heat-units at 
190-20® 

Potassium alum .... 

474-6 

- 9803 

- 9883 

Anunoaium alum .... 

463-6 

- 9680 

- 9631 

Hubissio-chromic alum 

600-6 

- 9661 

- 9409 

Ammonio-chromio alurn 

479-6 

- 9628 

- 9889 

J^otassio-ferric alum , . . ' . 

603-0 

- 16016 

— i 

Ammonio-ferric alum 

4820 

- 16671 j 

- 18060 


These numbers show that the action of water on the first font alums at the tempera- 
tures of experiment is nearly tho same. Tho last two, on the other hand, niidttlB|Q a 
greatcp amount of separation. Tho experiments with ammonio-fernc alum^ show that 
■■'t Iho liighcr temperature (19^-21®) a still greater separation of the oonstituent salts 
tukes place. ■ 
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Tlio quiiiitilios of heat uhsorbetl wero found not to vary sonnibly wliou tho salLg 
wore dissolved in coinpuratively small quantities of water, so small indeed as to bccoiiie 
saturated with them. 

Tho following tahlo shows tho quantities of heat evolved when tho alums dried at 
83® wci*o dissolved in water at 20^. Most of tlieni when dried at 85° retiiiii 10 inols. 
of water, hut tho nmirionio-ferric salt melts below 85° aud loses 42*72 p. e., or 23 
mols. water, and aftcrwartls dissolves so slowly and imperfectly as to be unfit for 
thermic determinations. To obbiin the total heat of hydration of the alums which 
still retain 10 mols. water, tljo numbers in the fourth column must bo iiicreasod hy 
tho.so w'hich represent the thermic effect produced on dis.solviiig tho 24-hydratell 
salts in water, that is to say the numbers in Table VII. but with opposite sign. 

Tauli! VIII. 


Alums dried at 85** 

Mulccalcs of 
^vntcr still 

lilVSCUt 

Equivalents 


Heat of 
Hydration 

Pobissio-aluminic alum . . 

10 00 

318*50 

12*410 

22-047 

Ammon io-aluminic alum 

10*83 i 

335*00 

12*093 

21-724 

Pota.ssio-chromic alum . . 

11*07 1 

1 389*50 

■3*825 


Amnionio-chromic alum . . 

10*75 1 

300*25 

4*851 



The evolution of heat — more than 12,000 iiiiiLs — which accompanies tho solution of 
tlic 10-hydrated aluminic alums may bo rcgawled as tlie diflerenco between tho total 
lieat which would lie evolved iiitlie conver.sioii of the lO-liydrated into tho 24-hydriite(l 
salts, and tho quantity absorbed in the solution of tho latter in water. 

There is, however, another w-ay in which the phenomenon may bo viewed. The 
contraction which generally takes place in tho solution of salts is accompanied by a 
considorablo evolution of heat, arising from tho groat resistance which water offers lo 
compression ; in fact, those salts which evolve most heat in dissolving, likewise give 
rise to the greatest amount of contraction ; and tho calorific effect actually observoil is 
tlie difference betw'ccn tho absorption of heat resulting from tho disintegrating action 
of tho water wliich brings about tho destruction of tho crystalline edifice, and tho di.s- 
engagement of heat proceeding from the contnoctiou of the total volume wliich takas 
place when tho salt is <li.ssolvcd. Moreover, the 24 mols. of "water which exist in the 
alums in the solid state, would, if uiicombiiied, require 17t000 heat-units to pass into 
liquid state ; but tho chromium and aluminium aluin.s in di.ssolviiig ab.sorb only about 
9,500 units. It would seem, therefore, that tho latent heat of 'water is considerably 
diminished 'when it is associated w'ith tho saline constituents of crystallised *alums. 

The behaviour of the violet chrornc-alums is peculiar. When a solution of one of 
these salts is kept boiling for a considerable time, it liecomes green and uucrystallisable, 
and tho solution of tho salt thus modified gives, w'hoii treated with barium chloride in 
tho cold, only a slight precipitate ; tho filtered liquid also gradually becomes turbid, 
showing that the precipitation i.s taking place gradually; at length, however, all the 
sulphuric acid is thrown down. If to a solution of violet chrome-alum modified as 
above, the quantity of barium chloride required to throw down all tho sultfiiuric acid 
be added in four eqiuil portion.^, the first tw'o portions will be precipitated cUrectiyand 
completely, whereas tho thinl and fourtli portions will give rise to a slow procipitn* 

that tho formula of green chromic sulphate is 
bO [Cr-(SO ) ], tho group Cr'-XyO*)-* being re^rded as a metallic radicle, avlphochronty^* 
These results are corroborated by the thermic phenomena exhibited in the succ^iw 
precipitations of the sulphuric acid by barium chloride. Table IX. gives the quanti- 
ties^ of h^t evolved in the precipitation of modified solutions of tho chiome-ftlnna 
hnrium chloride in halves and in fourtlis 


Taule IX. 


Chrome-alums 

Excess of Barliini 
Chloride (A.) 

1 1. half 

2. half 

1. fourth 

2. fourth 

foartt. 

Potassio-chromic 

alum 


8201 hcat-unitg 

8142 li.u. 

20-1 h.u. 

4104 h.u. 

4102 h.n. 

148JI.B- 

Ammonio-chiomic 
alum • • 


,, 
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Horo it is soen Ibat the first two of the four precipitations give rise to equal dovelop- 
mutits of heat, whereas the calorific effect of the third is much smaller. The difference 
between the quantities of heat evolved in the precipitation of the two cliromo-alums by 
I'xcess of l)arium chloride (column A), seems to show tliat these two salts aro not 
modified by water in exactly the same manner. 

The iiumhors in the lust three columns show that the precipitahlo sulphuric acid 
ni'ococds fi'om both the sulphates contained in the double salt. But since, as tho 
[ullowing numbers show, the decomposition of potassium sulphate by barium chloride 
jrives about 3,300 heat*units, tho precipitation of the sulphuric acid of sulplio-chromyl 
hiilphate, if this salt wore alone present, would give about 4,900 units, that is to say, 
as much us the decomposition of barium chloride by free sulphuric acid : 

Tablh X. 

Hcat-nnits 

Potassium sulphate precipitated by barium chloride gives . . . 3,357 

Amnionium sulphate ,. ,, ,, ... 3,279 

I'Veo sulphuric acid „ „ ... 6,053 

An equivalent of aluminium sulphate precipitated by 3 eq. of barium chloride 
develops 11,877 units of heat, and if the 3 cq. be added sop.aTatcly, tho successive 
qiiiiritities of lieat evolved are nearly ecjual to one- third of this amount. 

Tho following table gives the quantities of heat evolved on precipitating tho several 
jiluuisaiid their constituent salts with barium chloride, both directly after prepara- 
liuii, and i^er standing for a considerable time : — 


TAnui XI. 


Aliuna 

Prcdiiltation 

inunixliately 

after 

tiuii 

Precipitation 
after 14 days 

Iinmcdiatc 
precipitation 
of tbo Consti- 
tuent Balts 

Precipitation 
of Constitu- 
oiit Salta after 
14 days 

Potassio-aluininic alum 
Ammonio-aluminic alum . 
PotafiBio-chromic alum . . | 

Ammonio-chromic alum . * 1 

Potassio-ferric alum . 
Arnnionio-fcrric alum 

15,026 

14,888 

14,767 

14,636 

18,161 

18,286 

14,944 

14,650 

13,623 

13.900 

18,092 

18,399 

14,893 

14,812 

14,902 

14,787 


These numbers show : (1). That no alteration is produced by keeping, in the soIiiUons - 
of any of tho alums, excepting the chrome-alums, which appear to bo modified by 
keeping in tho same manner os by boiling. (2.) That the heat evolved in the precipibi- 
tion of the two uluniinic alums is nearly the samo as that which is developed by tlie 
precipitiition of their constituent salts. Honce it follows that these alums can neither 
he produced from thoir constituent salts within an aqueous solution, nor can they 
subsist in aqueous solution after Uiey have been formed by crystallisation. 

If from tho nearly 15,000 heat-units evolved in the precipitation of the first four 
ftliims by barium chloride, wo deduct tho 3,300 units developed by the precipitation of 
]»btAssium or ammonium sulphate, there remain 11,700 units due to tho precipitation 
of the aluminium sulphate contained in the alums. This number agrees nearly with 
tlmt found by direct observation. Divided by 3, it gives 3,900 for the quantity of heat 
uuo to tho precipitation of 1 mol. sulphuric acid from tho aluminium sulphate. But 
fho precipitation of barium chloride by free sulphuric acid gives about 5,000 heat- 
units, that is to say considerably more. With tho iron-alums it is otherwise : for 
ou subtract ing from the 18,300 heat-units of tho last table likewise the number 8,900, 
jbflpo remain 15,000 units, the third of which, viz. 5,000, is the same as the amount of 
in precipitation by free sulphuric acid. . This seems to show that in 
tif’ imn-ahims tho disuniting action of the water goes further than with the other 
slums, not only separating the constituent sulphates one from tho other, but likewise 
' ^^’^/yrric sulphate itself into acid and base. ^ , 

jbe following table gives the quantities of heat developed in tho successive proeipi* 
ition of the sulphuric acid of various alums 
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Tai^lk XII. 


Alums 

1. half 

2. half 

1. fourth 

2. fourth 

3. fourth 

4. fourth 

Potassio-aluminic 
Potassio -chromic . 
Amraonio-ferric . . | 

7,601 

7 514 

7.815 

1 7,388 

3,680 

4.570 

3.702 

4,600 

3.GG5 

4,793 

3,693 

4,712 


Wlion a sufficioutly cliluto solution of a feroio alum is lieated, its original brown 
colour bcconios griidually ligliter, and at longtb like that of cobalt solutions ; if tho 
liquid be then lioated for some time to the boiling point, a more or loss considerablo 
quantity of ferric oxide is precipitated, containing small quantitios of sulphuric acid. 
Tin's is shown by tho following numbers : — 

Tadlb XIII. 



Ammonio-fcrric alum 

1 Fotoiisio-fcrric alum 

• 

- \ 

1 - 

3. 

] not precipitated . 
SO® < precipiUted 

] not precipitated . 

64 3 
16T 

54 

1860 

66-3 

13-2 

5-8 

185-6 

59-1 

210 

41*4 

151-5 

761 

60-3 1 

130-9 I 


The effoct appears to ho duo to tho disuniting action of tho heat suporaddod to tlint 
of tho water, a view confinnod by tho thermic results obtained on procipitating tho 
ferric alums by ammonia rend, Ixxiv*. 1010, 1065; Chem^ Centr, 1872,457, 

47o). 

Fiivro a. Valson have also studied tho solution of tho alums in water with reforenco 
to tho alterations of physical state, more especially the contraction in volunio — tho 
coercive effect^ as tlicy designato it — thereby produccxl {Compt, rend, Ixxv. 708, 025, 
1000, 1066; Chem, (Jentr, 1872, 572, 730 ; 1873, 42). 

Tho results were obtained by two methods : first, by a comparison of tho densities 
of tho solid salts and the solutions ; secondly, by observing the increase of volume 
caused by tho solution of a known weight of the salt in a determinate quantity of 
water contained in a resorroir surmountod by a narrow calibrated tube. Table XIV. 
contains tho direct results of observations ; Table XV. tho results deduced therefrom. 
To render these numbers comparable, the formulie of the salts examined are all reduced 
to 1 eq. of Hidphuric acid. Column P contains tho equivalent (molecular) weights of 
the salts. The numbers in columns rf, A, dh, refer to normal Bolutiona, that is to say, 
solutions containing 1 eq. of tho salt in a litre of water. Column d shows the densities 
of the salts ; column h the heights in millimeters to which tho respective solutions 
rise in capillary tubes of -^mm. diameter. Those and the following observations were 
made at a temperature of 20®, Column dh gives tho products of the densities and 
capillary heights. . The numbers in column v express the increase of vdame which 
the water acquires by solutions of 1 oq. of tho salt. Those values are easily calculate 
from tho densities of tho solutions. For, supposing that a weight or w the salt is 
dissolved in a litre of water, so that tho total weight of tho solution is 1 + 4 p, farther 
that 1 + y is tho density of tho solution, and 1 + V tho volume, wo have I + ti 
therefore v =* 

1 + 1 + y _ 

Column D contains the densities of tho salts in tho anhydrous state; colamn V 
their volume = . Before solution, tho total volume is 1 + Fi after solution ft ft 

1 + v; consequently, F - v i.9 the contraction, and tho quotient 

efficient of contraction, that is to say, tho contraction of the solution refsr^ 
unit of volume. These numbers aro given in the last two columns of tfee 
table. 
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Tablr XIV. 


i 

Karnes of the salts 

j Tenipcraturo 

! Ponslty 

i 

Potassium sulphate .... 

' o 

i 21-8 

2653 

1 

Ammonium sulphate .... 

22-3 

1766 


Ahuninium sulphate, dehydrated 

22-5 

2-672 

1 

Aluminium sulphate, cry.st:illi.sed 

22-1 

1-767 

i 

rPotassio-aliimiiiic alum 

21-9 

1 745 


Ainmoiiio-aluminic alum . 

21-5 

1*634 

-t* 

Potassio-fcrric .alum .... 
Amnionio-fcrric alum 

221 

1*712 


Potassio-cliromic alum 

21-0 

1*810 


^Ammonio-chromic alum 

21*9 

1*697 


rPotnssio-aluminic alum 

22-0 

2-617 


Ammonio-aluminic alum . 

20*0 

2-333 

1 

i 

Potjs.sio-ferric alum .... 
Ammonio-ferric alum 

22*0 

2 4i)2 

1 

Potissio-chromic alum 

20*9 

2 71.0 

Animonio-c-lirornic alum 

21-9 

1 

2-472 


formal aoluiions 

Pola.ssium sulphate .... 

1 

1 

21*8 

1*0662 


Ammonium sulphatu .... 

22-3 

1*0378 


Almniniiini sulphate , . . . | 

22*0 

1-0568 


Potassio-aluminic alum . . . ' 

21-8 

1-0595 


Ainmonio-alumiiiic alum . . . 

21*8 

1*0521 


Petassio-fori'ic alum 

15*b 

] *0600 


Ammonio-ferric alum 

21*8 

1*0535 


Potassio-chroTiiic alum, violet 

21*0 

1*0636 


Ainnionio-ehromic alum, violet- . 

21*0 

1*0567 


]*otMs.sio-cliromic alum, grooii 

22*0 

1*0602 


Ammoiiio-cliromic alum, green , 

22*0 

1-0517 


Tho density of iin anhydrous potassio-aluminic alum shows thnt it is a cJiomical 
compoiiiiij, not a niero mixture of its constituents: for tho sum of tho wi>i|rhts of the 
rimstit.ueiit salts divided by tho sum of their volumes gives tho uumber 2'665, whereas 
t.io actual density of the alum is only 2*617. With ammonio-aluminic alum, on tho 
ejjiitrary, the obsorvod dousity, 2'333, is very nearly tho same as tho mean density of 
tno eoiistitiiont salts, namely, 2*337. Nevertholoss it is most probable that this sfilt 
Is also a chemical compound, inasmuch as it docs not give off ammonium sulphate 
I raised to u tomperiiture much higher than that at which ammonium Bulphate 
jmtihaoB when heated by itself. The same is tho case with tho other ammonia 


Table volume and density of tho crystal lised alums are given ir 

''^**'^“®** of V differ but slightly, it may be assumed that the molecular volumoG 
ot a 1 f ho ciystnllised alums are equal. 

^1 the contraction which the water undergoes by dissolvinc 

from those we subtract the corresponding values V ^ v in 
Rflltd fii measure tho contraction consequent on the solution of the anhydrous 

tilt* mlferencoB will give the portion of tho contraction which is a consequence of 
nml V *^*y*^l**» For potessio-aluminic alum, for example, F" — i> « 10*86 

K J-r 1 ^* T ^ difference of these numbers, 10‘69, is greater than 

thfin ° *-^0 contraction produced by the crystallisation is groatoi 

^ consequence of tho solution of the hydrate salt. Direct expori- 
(r- 204 ) sulphate, have shown that for this salt the reverse takes place 

by the violet solutions of the chrome-alums into green is accompanied 

chromG- 5 ii«*!!?^^°“ of tho density of tho liquid. Normal solutions of tho two violet 
- lums were heated in sealed tubes to the boiling tempezature, and their densities 
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Taiilk XVL 


Formula 

' 1 

D 

K' = '- 
1 ) 

1 

1 

1 

'•i i 

r.-r. 

r.-r. 

sc (“»i) 

+ CHO 

118-62 

1*745 

67-98 

1-0565 

58-81 

9-17 

0135 

so. (“"Hi!) 

+ 6HO 

113-33 

1*634 

69-36 

1*0497 

60*63 

3*74 

0-12G ! 

.so. 

+ 6ITO 

125-78 

1*827 

68-84 

1*0560 

65-18 

3-66 

0-053 

so* («” ) 

+ GUO 

120‘50 

1*712 

70-38 

1*0508 

66*35 

4-03 

0-067 

SO" 

+ 6110 

125-12 

1-816 

68*00 

1*0604 

61*04 

7*86 

0-114 

1 

so* 

+ 6110 

119-87 

1-697 

70*64 

1*0538 

62-70 

7-94 

i 0-112 

! 

.SO'Alf 

+ 6JIO 

111*17 

1-767 

62-90 

1-0539 

54-34 

8*56 

I 0*136 


afterwards determined at 22°. These densities wore found to bo ]‘0572 and 1*0402, 
mimbers differing from those in Table XVI. viz., 1*0636 and ror>G7, which were 
(ktermincd before the solutions had boon hoatod. Tho diminution of density in tho 
.solutions of tho two chromo*nlums is nearly tho same. 

Tlio numbers iii Table XV. under tho hoiul of normal solutions, afford tho moans of 
ojctcnding to the alums tho relations of density and capillary height formerly established 
liy Valson for other salts (pp. 244-246). The following are the moduli of density 
and capillarity of the several metals contained in tlio alums, deduced from tho uiimbei's 
in Table XV. a solution of ammonium sulphate being taken as tho standard 

Table XVH. 



Moduli of 
density 

Moduli of 
capillarity 

Ammonium (Am) 

0*0000 

0*0 

Potassium (K) 

0-0284 

1-6 

Aluminium (A13) 

0-0190 

1-7 

Iron (Fc5) 

0-0209 

1-9 

Ghromiuiii (CrJ) 

0*0352 

2-0 


Tho moduli of density are tho numbers which must bo added to the density of n 
normal solution of ammonium sulphate 1*0378 to obt^iin the densities of the other 
normal solutions. Tho moduli of capillarity are the numbers which must be sub- 
tnietcd from tho ca{>illaTy height of ammonium sulphate, 50'7i in a tube 6 millimeters 
m diiinieter, to obtain the capillary heights of the other normal saline solutions (p. 246). 
Iho follo'nring table exhibits the acroemont between tho observed and calculated 
results:— 


Table XVIIL 



Density 

Capillary 

ircifTiit 


Colo. 

Obs. 

calc. 

oIm. 

Potsssio-aluminic alum . . 

Ammonio-ahiminic alum . 
-rotassio.feiric alum . . 

Ammonio-ferric alum 
. *ota8sio-cliromic alum 
j ™*nonio-chrom5c alum . 

1-0591 

1-0520' 

1*0606 

1-0586 

1-0638 

10667 

1*0606 

1-0621 

1-0600 

1-0536 

1-0036 

1-0667 

68*0 

68*4 

67- 9 

68*3 

67*8 

68- 2 

58*0 

68*4 

67*8 

68-3 

670 

68*2 
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The product of tlio height of each normal solution into its density gives the numbsn 
in column <fA of Table XIT. -which ara nearly the same for all the alums. 

Thcao results confirm the conclusion dcdiuiod from tho thermic phenomena before 
considered, namely, that double salts, and cspcciully tho aliims, cannot exist in pre, 
senco of water, but are resolved into their constituent salts; Mth for the density and 
for tho capiliary height the same numbers arc obtained, whether by direct determina- 
tion with solutions of tho alums, or by calculations from the numbers belonging u, 
tho constituent salts {Compt. rend. Ixxv. 798 and 925; CJum. Centr. 1872, 672, 730). 

A comparison of the thermic effects and tho alterations of volume accompanying tho 
solution of tho alums lead.s to the following conclusions . . 

Tho number.s in column v of Table XV. show that different salts in disf-olv- 
ing undergo v(rry different changes of volume ; for whereas ammonium sulphate 
increases by about 27 c. c. for 1 oq., potassium sulphate increases by only 20 c. c., find 
aluminium sulpliate by only 0 85 c. c. The solution of tho sulphates of potassium 
and amnioiiiiim is attended with a f;iU of tompomtiire, whereas aliiminiuin sul- 
phato exhibits a considerable ri.<o. Tho slowness with which this salt dissolvrsi 


would doubtless give a higher number. , , i • 

Those example.s, together with those formerly cited, show tluit there is a certain 
connect ion hetween tho thermic phenomena and the contraction of volume attending 
the solution of salts. The. hydrated alums, in dissolving, exhibit a contraction .smaller 
tlian that which might be expcctcfl from a comparison of the vjilucs obtained for r, 
and Vi ; but at tho same time tho act of solution is accompanied by an absorption of 
heat, amounting to about 10,000 units in llioca.so of chrome-alum with 21 eq. watir, 
and to 18,000 units in that of tho ferric alums with the same amount of wa^r. Nearly 
tho same absor^jt ion of heat is lLkowi.so observed in tho solution of the aluniinic alinn.s; 
at tho same time tho values of r, and F, show that tho corresponding contmetioas 
are nearly tho same ; tho hitter observation applies also to tho iron-alums. On tho 
other hand, the contractions which take place in the solution of tho anhydrous alunia 
are greater tlmn those wdiich accompany the solution of the hydrated alums. 

Tho partially dehydrated alums exhibit in dissolving, not an absorption but a 
dovolopnient o^ heat; thus potassio-aluminic alum with 1 OHO gives + 12,416 heat- 
units instead of -9,803 (the absorption observed with the 24-hydratcd salt), making 
altogether a difference of 22,21 9 heat-units. This difference would bo much greater if 
it wore possible to oporjite with perfectly anhydrous alums. 

In examining tho relations lietwccn the phenomenon of contraction and tho external 
thermic effects accompanying tho solution of salts, it must bo borne In mind that sohi- 
tiori is a complex effect resulting from several different forms of work, of which only 
the final result can be directly observed. 

This has already been explained in tho case of sodium sulphate. Table AlA. 
W’ill facilitate tlie apidicatioii of similar consider.ations to tho alums. 

In this table F, v„ V and v, have the same values as before. The column 
Fa — F -t- 6110 contain.s the volumes of tho anhydrous salts pltts that of their wator 
of crystallisation in the iincombincd state; hence, as F, is the volume of tho crystal- 
lised salt, tho differences Fj — F, measure tho contractions which take place on 
assumption of tho water of crystallisation. Lastly, tho differences F — denote t o 
contractions which accompany tho solution of the hydrated salt, and Fi — 
which 'ensue on tho solution of tho crystallised salt. Q^esum of tho values 
and F] — u is necessarily — t; ; .for tho ultimate state of a solution must be tne 
same whether it is made from the hydmted or from the anhydrous salt, and con^ 
quontly the contiuction produced by tho anhydrous salt must be^ualto thatpcwlnc 
by the hydrated salt together with that resulting from the addition of the action 
crystallisation. . ^ tbs 

When the values of v arc calculated for tho first two alums, starting from 


corresponding values for aluminium scsquisulphatu and for the sulphates of potosm 
and ammonium, wo Obtain tho numbers 5*19 and 7*00, agreeing 
4-83 and 6'88. A simihir calculation for the same alums with rospeet to ww 
F — v gives tho numbcPB 19’4 and 18'37, agreeing approximately 7*^^^ 

18-66. For the other alums, however, this calculation cannot be carried out, 
tho densities of tho anhydrous ferric and chromic sulphates are unbiown. 
tliolcsB, tho above-mentioned coincidences seem to show that moduli pf 
exist analogous to those previously established for the thenual phenomena 
and capillary actions. ^ ^ 

Table XX. exhibits tho quantities of lieat, which, according .0 - 
previously developed, correspond with the work of the solution. V 
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internnl work which mcAsures tho contractivo force exerted by the salt in the water, 
f** — F, measures the work employed in the formation of the crystal, and Kj — 
the work which is rendered n-Tailablo on the solution of tho crystallised salt. The 
numbers in this table were obtained by multiplying tlio corresponding numbers of the 
preceding table by 75*70, whicli number answers to the quantity of heat abstracted 
from a litre of water when its volume is diminislKKl by 1 c. c. 

TABiJj XX. 


Formula! or Lho Si-ltri 

V-v 

V. -r. 


SO'K 

80*Aiu 

soui;;- 

llcat-nnitif 

99,170 

78.790 

159,323 

ircat-iiiiiti} 

64,851 

Heat-units j 

94,854 


’"Potassio-aliiiniiiic 

150,459 

69.472 

81,139 


Aminonio-aliiminic . 

140, .535 

66,214 

76,290 


Potas.sio-ferric . 

120,534 1 

27,728 

93,109 

Alnnis 

Aramonio-ferric 

108.710 1 

30,531 

78,109 


1 *ot:issio-chromic 

145,005 1 

59,547 

1 8e,685 


Ammonio-cliroiiiic 

136,141 

00,153 

1 75,836 1 


The interpretation of these number.^ leads to the samo or similar consequences as 
tlioao wliich Iiavo already been developed in the case of sodium sulphate (p. 294). 

Tho mimbors in the last tablo are very high, and out of all proportion to those 
obtained with tho calorimeter, whicli arc for tho most part very low and not unfre- 
quontJy negative. They cannot bo explained either by tlio fusion of tho crystallisation- 
water or by that of the siilts themselves. Tho mechanical work corresponding -witli 
these largo quantities of heat seems indeed to indicato considerable modifications of 
internal structure. Tho solvent action of the water may perhaps consist in Bcparatin^' 
the elements of tho salt and bringing them, if not into the free state, at least into a 
state of partial independence, very diffennit from that in which they existed in tho 
original salt. Tho existence of such a state is, moreover, indicated, as already cx* 
plained, by tho phenoniona of density, capillarity, and contraction. Starting from 
these different points of view, wo always arrive at tho same conclusion, namely tlwtin 
sufRciently dilute saline solutions, each of the metallic and chlorous radicles produces 
effects w’liich are indo}x?ndeiit of those produced by all the rest. 

Finally, Favre and Vulson sum up their results in the following theorem; * Solution 
brings tho elements of the dissolved bodies into a state of mutual independence, and 
the internal mechanical work required for tho production of this effect is measured by 
tho alterations of volume which take place in tho act of solution, und consoquontljr by 
that quantity of heat which comes into play as soon as tho samo effects of contraction 
(coereioii) arc produced in tho solvent by equivalent quantities of work* 

Ixxv. 1000). 

MTasoent State. According to H. Saiutc-Clairo Vevillc (Co»ipf. re/id,lxx. 20,650) 
the as.sumption of a so-called nascent state in laxlies ascribes to them a aystem of 
arbitrarily chosen proporties, which contributes nothing to the explanation of chemical 
Reactions. ^ By the examin.-ition of a number of phenomena in which this ^uliar state 
of bodies is sup])oscd to come into play, such ns tho action of *inc on solutions of pitnc 
acid, of sulphuric and nitric acid, and of hydrochloric and nitric acid, the ultimate 
result of which is tho formation sidphate, nitrate or chloride of zinc and of airttoonlft. 
Bevillo found that hydrogen is never evolved in contact with tho zinc at any tempem* 
turo or any degree of conccritratioii of tho nitric acid, and that the quantity of aiamOVl* 
formed is^ altogether iiirlependont of the concentration of tho acid. When j* 
f]%:ited with excess of nitric acid, the resulting solution contains nitrons acid, ft 
nitrogen dioxide, often a largo quantity of nitrogen monoxide, very little nitrpjp*', 
and finally ammonia. These rc.sults aro explained by Devillo ns follows 
lion of nitrogen takes place as represented by tho equation, 

Zn» + 6N*0* « 6(ZnO.N*0*) + N»; 
and, assuming that the acid was contained in the liquid in tho form of 
N*0*.2H‘0, and that it loses 5 at oxygen, there will remain amihoiiiuin 
N!I*.KO* =» i(N*H*O.N‘'0*). Moreover, experiment shows that only * 
the libemted nitrogou remains united with tho elements of water, th 4 iM 




CHEMICAL ACTION. 805 

as gsis. This, according to Devillo, explains the formation of nitrous acid, nitrogisn, 
and part of the ammonia. 

Thu evolution of nitrogen monoxide takes place according to the equation, 

4Zn + SN-O* = 4ZnN?0« + N*0; 

and assuming, as before, that the hydrato N^0*.2H®0, or 2N0^H.H*0, is present in tho 
liquid and gives up «t. oxygon to tho zinc, thero urill remain ammonium nitrate 
NJI'.N'0*=^ 3(N*Jl“0.N-0*). Only a part of the nitrogen monoxide, however, remains 
combined with tlio elemouts of water, tho rest escaping as gas or remaining dissolved. 

Devi Hollas also found— by a large number of experiments in which tlio proportional 
quantities of ammonia, nitrogen monoxide, nitrogen and nitrous acid, formed in a 
liquid of known temperature, concentration, and tension of tho dissolved gases, were 
cU:(.ermiued — that the quantity of ammonia formed and tho quantity of zinc required to 
produce it from nitric acid, do not vaiy much with tho concentration of tho acid. As 
llio concentration becoincs greater, tho quantity of nitrogen evolved decreases and that 
of nitrogen monoxide increases. 

When zinc acts upon a mixlurQ of sulphuric and nitric acids, tho quantity of 
Ii3'drogon evolved diiniriislies as tho jiroportlon of nitric acid increases, and after 
:i, I'crt.iiu limo, no more hydrogen is evolved. Hence, it is inferred that tho two .acids 
ai-t upon tho zinc just as if each of them avoro present alone. When tho nitric aciil is 
in excess, tho bars of zinc become surrounded with a layer of saline solution con- 
tiiiiiiig fi largo proportion of zinc nitrato. Around this layer tho sulphuric acid 
rai»i(lly decomposes tho zinc nitrate, ropro<hiciiig free nitric .acid, which again dissolves 
zinc ; inul thus the action goes on, tho sulphuric acid never coming into direct contact 
vitli the zinc. TJiis accounts for tlio complete disappc.araiico of tho hydrogen. 

.A mixture of hydrochloric .uid nitric acids likewise acts upon ziuc as it' tho acids 
iveiu separate, .'ind not as if they had previously formed aqua regia, which would 
(Icconiposo the ammonia. Moreover, sulphuric acid dissolves zinc less quickly than 
hydrochloric acid, and in such proportion th.at 0-20 cq. of nitric acid is sufficient to 
aiTost completely the action of 1 eq. sulphuric acid, whereas to stop tho action of 1 eq. 
hydrochloric acid, 0-67 cq. nitric .acid is required. Lastly, sulphuric acid very easily 
displaces the nitric acid of zinc nitrate, whereas tho conversion of this salt into 
I'lilorido, ri^uires a very largo excess of hydrochloric acid and prolonged boiling. 
Jlciiee, when a layer of dissolved zinc nitrate has formed around tho zinc, hydrochloric 
i'cid can moTo easily ponotrato tliis layer without decomxiosing tho zinc nitrate, and 
thus reach tho zinc and givo off hydrogen. 

All these reactions may, therefore, bo referred to simple incchanic.al effects .amilogous 
to me polarisation of tho electrodes or tho elements of a battery, in which tho chemical 
a»rlion is arrested by a layer of gas which iirovouts the liquid from coming in contact 
ivilh tho metals. 


XnfiueDoe of oertiUti Uquida la retardinar or arrestlDgr tlio action of 
acldc on Xttetalo. — (M.arango]ii a. Stefanelli, A? niiovo Cimeiito, [2J iv. 373). Tho 
evolution of hydrogen from diliito sulphuric acid by tlio action, of zinc is quickly 
•irrestcd on adding n sm.all quantity of an essential oil, such as oil of myrtle, thyme, 
avemler, turpentine, or chen-y-laurol, and agitating briskly with a glass rod, but 
rrcoinmeuccs, though less strongly, on addition of a certain quantity of iilcoliol. 
Mxod oils likewise arrest tho action completely, but loss quickly than essential oils; 
h 'ff’ IwJnzene, and xiitrobenzeno have but little effect, the evolution of 

yurogen being merely retarded by them while the agitation continues, and rocom- 
wnemg s(^ after the liquid is left at rest. The action of dilute nitric acid on copper 
retarded by essential oils while they are agitated with the liquid, but quickly recom- 
ncM on repose ; fixed oils produce but little retardation ; ether, naphtlin, benzene, 

■ mtrobonzeno freely any. Similar jromarks apply to tho effect of these various 
‘pnas on tlie action of hydrochloric acid upon zinc. That of dilute nitric acid on 
«nc 18 not sensibly rotated by either of them. 

action in all these cases is due to the formation, on the surface of the 
liquid whicli protects the metal from contact, with the acid. The 
1 ° fi tho formation of this film, partly by bringing thiSi 

hf ™ the oily liquid in contact with the metal, partly by removing the bubbles 
ydrogen which adhere to its surface. 

observations made by Marangoni a. Stcfanclli with those of 
tlu. « ^ [4] xxi. 378) on the surface-tension of liquids, lends to 

coucliision that the r - ' ■ 


permanence of the protecting film is grcatOT in. proportion ns 
approaches inore nearly to that of tlie aAidulated water, 


tllC 

P*^po^tion aVthis liquid has a gMater superficial cUpillaiy tensioii 
^ ^ product of its density intO' the height to whkh it rises lu 
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itvpillary tube of given diameter). The fixed oils produce but little retarding effect, 
becauM, though they differ but little from tlic acidulated water in density, they have 
a considerable superficial tension ; other, naphtha, and bonzono, on the other hanrl, 
though their superficial tension is small, cannot form ijeimanent films on the motal 
under the acidulated uviter, on account of their small specific gravity; but thovolatilo 
oils above mentioned have but little suiH.*rficial tension, and a density (0'860— 0'886) 
not <lifforing greatly from that of the acidulated water: hence they have the greatest 
tendency to form permanent films on tlie surface of the zinc. 

The authors also found that the effect of a film of essential oil on the zinc plates of 
a voltaic pile is similar to that of amalgamation, preventing local action to a certain 
extent. It diniinislics tlie quantity and intensity of the current at the commcnccmenl 
of the action, but renders it for a certain time more constant. After two or threo 
hours, however, it stops the action altogetlicr. 

CBZITBSS OKBBV. See Lokao. 

CHIKBSB OZB-BBAir. Theso beans, belonging to Llic genus Vkascolva, am 
used in Cliina for the production of sweet oil by pressure, while the pressed resiiluois 
made into a kiinl of cliccsc. The composition of a yellowish and a black varictv, 
analysed hy Stockhardt (C/irm. AcJc&rn. 1872, 122), is given in the lollowing table, 
together with that of the cako analysed l‘y Voelcker : — 



Yellowish 

Oil-lKiUll 

Kliiok 

oil-biiui 

Oil-lionn j 
cako 

Water , , , . 

0-60 . 

7*11 

12-82 1 

Albuminoids 

38*51 

38*04 

45-03 . 

Oil 

20*53 

16 88 

5-32 I 

Non-iiiti-ogonous extraolivc niiiiler . 

21*61 

27*70 . 

24*52 1 

Crude fibre 

5*13 

553 

5*71 1 

Ash 

4*50 

4'62 

6-70 ! 

1 


100*00 

100*00 1 

100*00 1 


The Chinese oil-be!in.s resemble lupine-seeds in containing jio starch and a much 
larger proportion of fat and nitrogen than beans, peas, vetches, or lentils. 

CBZVOBZBBf C'Tl'N. Liibavin’s experiments with this base, shortly noticid 
in the First Supplement (p. 430), have sinc(« been published in detail (Ann. Ch. I'kftrm, 
civ. 311). The chiiiolino was prepared by AVillijunss process (Isi SuppL 860) by dis- 
tilling cinchonine witli pot assium hydrate, aud collecting apart the portion whidipasHwl 
over between 215° and 245°. 

Pof^ium aud mUjim do not act upon chiuolino at ordinary temperatures, but on 
applying lieat, an unstable red boily is formed -without evolution of hydrogen, anti, on 
removing the excess of potassium and treating the mass with water, a brown nmor[»houB 
insoluble substance remains. Chiuoliiie is not decomposed by ordinary nitric add nt 
the boiling licat, or by the fuming acid at ordinary temperatures, but on heating it 
with the latter, copious red fumes are evolved, and on addition of water, an nmorpho^ 
yellow^ body separates out. Chinoline is not oxidised heating -with a mixturo w 
jpot^ium chromate and sulphuric acidj but the liquid, on cooling, deposits charach)^ 
jstic gold-yellow needles of acid chromate of chinoline. Melting jjroduw^ 

with chinoline, a greenish -Ijliie, and on prolonged heating, a dark violet, unrt^k 
coloration, w'liich dis;ii.)pen,rB, w’ith fommtinn of a brown amorphous substimeer vhoii 
the fused mass deliquesces or is dissolved in water. ■ , 

This colour is likewise prwbiccd -when any derivative of chinoline is fiiscill with 
alkali or alkaline earth ; nonictimcs even on fusing cinchonine with potash; , ^ 
Chinolinc-sulphonic acid, OTl*N.SO*If, is formed when chinoliuo is 
with ordinary concentrated sulphuric acid, but is best prep.ar^ by heating ohinPhW 
for soveral days on the water-batli witli finning sulphuric add till • 
solution, after dilution with water, no longer gives a turbidity witli Iwdaw i 
the chinoliuo, however, remains unattacked, even after heating forfdrty Hoto. ^ 
product is a b^wn opaque tliickish liquid, from which the pure acid J * n 

by pouring it info a large quantity of water, saturating with bat 
excess of barj’ta with the exact quantity of sulphuric acid requir 
the yellow filtrate till it begins to ci^stallise. Tlie acid forms large^ 
crystals, which are cofourlcss, shining, strongly refroctiro, hi ; 
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jjyjyous. It dissolves sparingly in cold.^moro easily in liot vatcr op in strogg^ 
iivilrochloric ocid; in hot alcohol more freely than in cold, but is insoluble in eth^r. 
Its solutions, like those of other chinoliuo derivatives, exhibit a tendency to super’ 
s-ituration. The aqueous solution reddens litmus and slowly, anil decomposes barium 
I>!irbonato. The acid bears a rather high temperature ‘Without decomposition, but 
dcvouiposes •when melted on platinum-foil, giving oflF acid vapours and an odour of 
I'liirioline. It is not perceptibly atbieked by boiling nitric acid. When fuseil with 
iiutash it gives off chinolinc, and on treating the fused mass -with ■water, a brown, 
J^j^qJ^pIjous insoluble) boily separates, wliich is dissolved by acids, and reprocipitatcil 
liy alkalis. TIio original msiss, t reated with acids, gives off a small quantity of sulphur 
dioxiilo. Cliinolinc-sulphonic acid or its barium sjilt, cautiously heated with barium 
hydrate, gives the blue-grccn coloration above mentioned. 

ISariuM chinolifie-sulpkmiatc^ Ba(C'‘II®SO®)®, is prepared from the brown liquid 
fonnecl by heating chinoliuo with fuming sulphuric acid, by pouring this liquid into 
a Isiro-o quantity of water, supersaturating witJi baryta, removing the excess of barium 
with'carbonic acid, filtering, evaporating to dryness, redissolving; in boiling water, and 
cviiporat ing to a small bulk. It may bo heated without decomposition to 250°, dissolves 
hut sparingly oven in liot water, and always separates iu the amorphous state on eva- 
poration. 

Till) lead salt is obtained as a white granuLir precipitate on mixing tlio aqueous 
.solution of the acid with neutral load acetate and ammonia, or with the basic acetate. 
Tlin acid, neutralised wdth ammonia, docs not pirocipitiite silver nitrate^ but the liquid, 
on standing, gradually dopo.sits a whito precipitate consisting of thin silky needles. 

Bro moch inollncs. — When 1 mol. cliinoliuc-siilpliouic ncid is heated in so.aleJ tubes 
in the water-bath for about twenty-fivo hours with C atoms of bromine and alittlo water, 
tl^eacid is resolved into sulphuric acid and bromochinolines, which separate into a solid 
p'llow-brow'u substance. One part of this mass is dense and granular, the other part 
vi-ry loose, light, and of lighter colour. Both compounds are insoluble in water, very 
f,Hj:litly soluble iu cold, more easily in hot alcohol; they are easily separated by 
iiH.diunical selection. When the denser product — which is the larger portion — -was 
frocil by water from adhering bromine, and dissolved in an insufficient quantity of 
liot alcohol, crysttilliiie nodules separated containing no sulphur, a largo quantity of 
broiuirio, and (after drying at 100°) quantities of carbon and hydrogen indicating a 
coTupofiition iutermciliato between tri- and tctrabroniochinoline. They melt at 
147°-150°, are insolnblo in water and in soda- ley, -wliich latter docs not att^k them 
lit the boiling heat, dissolve in strong hydrochloric acid, and are roprecipifcitod by 


water. 

Liquid bromine acts at ordinary temperatures on chinolino or its aquwus solution, 
but the products are uncrystnlliaible. Better results are obbiincd with bromine- 
vapour. When a watch-glass contaiuing 3 grams of chinolinc, and a beaker coiitain- 
iiif; 6 grams of bromine are placed within a boll-jar over sulphuric acid, the bromine 
tiisappenrs in two days, and the chinolino is converted partly into a dark red syrupy 
mass, partly into brown crystals. Tliis product, probably an additive compound, fonns 
vith water a thick insoluble oil, the water turning yellow and acquiring the odour of 
bromine. A great part of the broiiiino may be removed by sulphiiroiis acid, also with ■ 
sofla-Iey, which does not separate chinolino from it. It is insoluble in hydrochloric 
acid. Alcohol dissolves it almost wholly, forming a red solution which, on standing, 
deposits white silky noodles of tribromochinolino, C®H^Br*N. This compound 
melta at 173°-175°, solidifies, on cooling, in radiate groups of long needles, and vola- 
tuiscs completely, without decomposition, at a stronger heat, Emitting a faint odour 
somewhat like that of chinolino. It is insoluble in water, veiy soluble in cold, easily 
in hot alcohol, also in strong hydrochloric or sulphuric ncid, and is precipitated by 
'Aider or soda as a loose crystalline mass. It is not acted upon by aqueons or alcoholic 
potash, silver oxide or strong sulphuric acid. When fused wiui potassium hydrate, 
It gives the blue-green colour exhibited by all derivatives of chi noline. 


OB&OftAli, C*HC1*0 » C01>.0II0. Lichen showed in 1867 {Co7npt rwi?. xliv. 
1346) that the action of chlorine on alcohol at ordinary temperatures ^ves rise to the 
formation of mono-, di-, and tri-chloracctal ; and Paterno having since found that 
chloral can bo formed by the decomposition of tiichlorocetal ( Isi Suppl. 482), laeben 
^'‘'ganls this series of reactions as the source of the formation of chloral bpr the* 
ormnary process of passing chlorine into alcohol. The final product of the actiOT w 
jhloriiie on absottiie alcohol is chloral .alcoholate, — CH0i"0.C*H*0* 

[Uohim Dcut Chem, Gw, Ber. iii. 007). 

Another view of the formation of chloral from alcohol is mvon by 
777). The action of chlorine upon ale^ol first 
®fPiation of al^h;^e and hydrochloric acid} C*H*0 Cl* 

■ ' xZ " 


ires rise toJpQ 

:«o 
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(i*-74) ; the hydrochloric acid acting upon tlio aldehyde and alcohol produces vater 
and monochlor-Gthyl oxide, 

CH».CHO + CPH^OII + llCl = H»0 + CH«CH 

■which latter by the further action of the clilorino is converted into tetrachlop-ethji 
oxide, CCl*CIl| ; and this compound is converted into chloral by tlie action of 
the crater cither present in t he alcohol or formed in the manner just mentioned : 

ca>cn|gP^’ + ii-o = Hci + c'H'oh + cci'.cho. 

This tetradilorinated ether— first obtained by Malaguti by the action of chlorine on 
ethyl oxide (ii. o40), and likew ise formed according to Henry (p. 314) by the action 
of phosphorus pontaclilorido on chloral alcoliolute is in fact converted into chloral 
by heating ■with water. Heated with alcoJiol instead of -water, it yields hydrochloric 
;icid and triehlorncctal, CCl“.Cn(OC®IP)^ which may bo converted into chloral by tlie 
action of sulphuric acid. Tho tetrachloriiiatcd ether dislilled -with sulphiu-ic acid, 
also gives ethyl chloride and chloivil : 

CHPCPO - C-lPCl + CHICi’O. 

Chloral is also formed wlien chloriiio is passed into a cooled mixture of aldehyde uiul 
aqueous hydrochloric acid, or of aldehyde and water (WurLss a. Vogt). 

Beaciionit and Comhhiations^ 1. Chloral is easily reduced to aldehyde hy tlio action 
of nascent hydrogen evolved from an acid solution. If a solution of chloral hydrate bo 
heated to 60® with zinc in a retort connecte*! wdth a condenser cooled by ice, and very 
dilute acid gradually poured in, aldehyde will soon bo obtained in quantity sufficioiit 
to admit of rectification, and ideiititicatiori by conversion into the ammonia compound. 
Polymeric modifications are formed at the same time, especially paraldehyde, wliiili 
floats as an oily layer on the surfiico of tho distillate (I^orsoime, CompL rend. Ixsi, 
227). 

2. With jdmphorm pcntacldoride chloral yields pen taclilorethaiio, C®HCP, 
Snitid. 432), and with tho chliyrobroniide, PCPBr'-, it forms in like miiimcr 

trichloro-dibromethaiio, C-IICPHr-. On adding water to the product of tho 
reaction, an oil separ.atos, which, when dried ami submitted to fractional distillation 
under diminished pressure, yields tho eompouiid C-HCPBr- as n colourless, transpircnt, 
highly refracting liqiiiil, of sp. gr. 2*317 at 0® having a pleasant odour, insolublo 
ill water, but readily soluble in alcoliol and ether. It boils at about 200® with partial 
decomposition, but distils unchanged at 03®-9f)° at a in-essure of 14 niillimclcrrt. 
Its refractive index for D at 25-7° i.s 1 •62091. When treated witli alcoholic potash, 
it is rapidly dceoiiiposod, -ivith formation of potassium chloride, and uii oily BUl)8t.ancc 
distilling at 1 13°-1G0®, but apparently not homogeneous (Patemo, Gazsetta chimica 
italiatuif i. 690). 

3. With suljdiuric acid . — Chloral mixed with fuming sulphuric acid solidifies, after 
a short time, to a white cr^-stalliuo m.'iBS, which contains licit her insolublo chloral nor 
chlomlido, but has tho composition OWCl^-S-O^^ which is that of an anhydride of 
neutral chloral sulphate foraied by combination of 4 mol. chloral and 2 mol. sulphuric 
acid, with eiiiniti.-ition of 1 inrd. water: 

4C*HC1H) + 2H-SO» « OTPC1'-S=0“ + H^O- 

This compound is not altered by cold water, but is readily decomposed by 
water, pota.ssium hydrate, or alcoM, in tho latter instance with formation of 
alcoholatc. Prom ether, in which it is very soluble, it crystallises in iicedleBi 

On passing the vapour of sulphuric anhydride into chloral, tho wliole solidifi®® * 
mass of needles differing from the compound just described. It crystallises fw®® 
alcohol apparently imchuiiged, is insolublo in cold water, but is decomposed 
water and by a solution of potassium hydrate. AVhen gently hoatea it 
separates into two layers, whilst at a higher temperature it evolves hydrochjteriA 
and loaves an oil which docs not solidify and is not acted upon by water (GwbdVS®* 
BM. CItera, Gea. Bar. vi. 225). 

4. A I concentrated solution of chloral liydrate mixed in tlio cold: 
poto«f«WflfrfpA«tjyieldschlorofi)imi^ potassium formate unda compound of 

acid ^tassium sulphite. But at a temperaturo approaching tho boifihg * 

chlonno of the chloral is acted upon, and by adding the solution of the ’ 
gradually to the hot solution of Uic sulphite, to avoxl loss of chloral by 
chloroform, then cooling and evaporating, there aro obtained a 
OH(SO»K)*.OOH.HK80® + IP(5,' and a very soluble salt - 
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CTO'K)*mgo0 + 2(®HCl(SO.K) gj,go.^ ^ 

l)c.siilcs a little j>otaBsium foi’ineno-cUsiilphonato (methioniite), CIJ”(SO®K)-, potassium 
formate, cliloi’idc, sulphate, and hyposulplmtie. 

'nio salt, CII(SO’K)-.COH.HK.SO® + 11*0, crysbillises in indistinct rliomLic 
i)latt!S. hut 'ivlioii it is tlissolved in hot water, crj‘stals containing more water always 
M-pirate in the form of soft, hrilliant white iiceilles entangled together, and so 
mimito that the whole appears amorphous. A cold supersaturated solution is, lion - 
ev'or. easily prepared, and on dropping a crystal of the original form into it, 
(•i*vsl:uls of the same kind go on forming for a sliort time, though they are soon orer- 
•rrow’n hy the morfi hydrated crystals. This salt is the compound of acid i^otassium 
sulphite with potassium aldoliydo-disulplionatc, Uiis latter coustituont having 
I ho composition of chloral in which two atoms of chioriiio are replaced by SO*JK and 
tho third by hydrogen, lloilod with iiotassium. carbonate, it yields — besides tlio 
jiDulral sulphite— formeue-disulphofiate and foriiiato, the beluivioiir of tho aldehydo- 
(lisulphonato CH(SO*K)®.OOU towards alkiilis being in fact similar to that of cliloral— > 

CH(SO»K)*.COII + HKO -■= CII*(S0»K)2 + CHO®K. 

Load peroxide gives tho same salts together with lead sulphate. 

On tpoating tho cold solution of tho double salt witli bi-omino until it remains per- 
Tn.'nuaitly coloured, tho sulphite is oxidised, and potassium aldohydo-disiilplioiiate, 
C1I(S0*K)*.C01I + II-O, is stit fr(!e. A similar destruction of the double salt is eflceted 
1)V hoiling it for half an hour with hydi-ochlorie acid, lly boiling the aldohydc-disul- 
]jlionatc witli acid sulphito, tho double wilt can easily b(i ri?prodnccd. Potassium 
iilJchyde-disulphonnle can bo heated to 130® without iimhsrgoing cliango, and loses ita 
valor of cr 3 ’st!illisationhiit slowly at 170®~176® ; above tliis it decomposes, swelling up 
into an oxccediiigly bulky twisted mass like ‘ Pharaoh's serpents.’ Tho barium salt, 
(’U(S()®)-.Ila.COir + 2IPO, forms slender needles, sparingly soluble in water, which 
cat! 1 j(< recrystalliscd from liot acetic /icid. 

A solution of potassium ahlehyde disulphonatc warmed witli excess of bromine yields 
a much more soluble brominatod salt, OBr(SO*K)‘'.COn, which crystallises out in 
iiei'dlcH on evaporating and cooling tlio solution. It is decomposed by heat, leaving a 
residue of potiissluiii bromide and sulphate mixed with a little carbon. Neither silver 
iiilratc, hariiim chloride, nor barytu-watcr precipitates its solutions. When it is 
lii/ilid for a few seconds with potassium sulphite, tho original double salt, 
CII(SO*K)*.COI1 + IIKSO* + 11*0, separates out again on cooling. Boiled for half 
ini hour with potassium carbonate and neutralised with acetic acid, the tolerably 
poHcoiitrated solution, after heating with alcohol and cooling, gives n deposit of 
iiiioroscopic plates or needles of another brominatod salt. This salt, when boiled for a 
few sci-oud.s with potassium sulphite, yields on cooling, crystals of CH*(SO®K)'"; it 
must Mierefore ho CIIBr(iSO>K)*, obtained, tQgetlicr with potassium formate, from 
OIir(SO*K)'-.COII, just as CIPCSO^K)* is obtained from CH(SO»K)-'.COH. 

The second salt obtained by tho action of potassium sulphite upon chloral, which is 
roadily soluble in water, and has the complex formula above given, crystallises iu 
I'ugo shining triclinic prisms, and can bo obtained quite pure by repeated crystallisa- 
ioiis from warm water. When heated, it swells up considerably, blackens, and leaves 
1 residue of potassium sulphate and chloride and some carbon. Its water of crystal- 
isation could not be directly determined, in consequence of docomi|osition taking 
Mce. It gives precipitates with silver aiid lead nitrates, soluble in nitric acid, 
iiiryta-water precipitates barium sulphite from its solutions, the salts GK/1(S0*K)®,C0H 
nd OHC1(SO*K).COH being doubtless loft in solution ; but these salts have not bew 
btaiced in tho pure state, only a syrupy liquid being formed on ovaporatira. This, 
owDver, on treatment with acid potassium sulphite, reproduces the crystalline double 
tdt. Either component of this double salt would, by further action of potassium 
ul||diite, produce the salt, CH(SO*K)®.COH + HKSO*, by replacement of 01, in the 
case by H and in tho other by SO*H ; so that the tendency to produce tho salt 
Jl(SO>K)=.COH appears to be fulfilled in two distinct ways so far as Mgards the 
•igos of the process. 

It is remarkable that the two components of the double salt are produced in the 
^portion to form it, no excess of either being found in the mothop-liqjior. The 
’’i^iniiatanco therefore that the two only compounds intermediate between chloral and 
•Ussium aldchyde-disulphonnte which can result from the replacement of two atoms 
chlorine, can unite to form a double salt, actually occasions both of them to 
TOodncod and in a perfectly definite proportion. ; . , 

iJunng the digestion of chloral hydrate witli potassium sulphite, a strong penetpat- 
smell is given ofi^ quite distinct iicoan tliat of either chlorofom or cUQraT, some of 
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the fehloral being appMcnUy converted into mono- and diohloraldehydo. A. vetylaijie 
quantity of it appojird to bo cliangod into these op other volatile bodies (Kathkc, A?ui, 
Ch. Fharm. clxi. 149). 

5. Chloral digestod with ht/drochlorie and hydrocyanic acid in aqueous solution, 
unites witli the latter, forming chloral hydroeyanide, C‘*.HCl“O.CHN, or, 

tJCl* CHtOH)(CN), which crystallises in prisms united in white caiiliflowep-liku 

groups. It has a pungent bitter taste, cliRSoh'ea easily in water, alcohol and etliur, 
and when digested with moderately strong hydrochloric acid, yields sal-ammoniac and 

trichlorolncticacid, CC1“ - ^^^IcOOH Pinner, DeiiL Chan, Ges. 

Her, V. 113). 

According to Hagcmann {ibid. 151) chloral hydrocyanido is precipitated from 
watery solutions in oily drops by strong sulphuric acid, or fuming hydrochloric acid. 
It melts at 5S°-50”, solidifies at i)7-5°-53®. begins to boil at 120°, with partial docuni- 
position, Iho greater part passing over at 1400-145°. 

Chloral hydrate, hydrocyanic acid, and fuming liydrochloric acid, heated for 4-5 hmira 
in Sealed tubes to i20°-130°, gave, after tho ammonium chloride had been removed, 
alcohol, a zinc salt of ti-iehlorobictic acid (ITagemanii). 

6. AVhen 1 mol. chloral hydrate is added to 1 mol. potassium cyanide under absoliiio 
alcohol, a powerful rtJactiou sets in, accompanied by an abundant evolution of hydro- 
cyanic acid. On adding water to the pi^iict, a heavy oil separates, from which, ly 
repeated fractional distillation, ethyl dicliloracotate, l)oiling betwoon 164° and 
157°, may be obtained; also, in tho liighcr pcjrtion, a solid crystalline subsUinM 
melting at 62°, and jipparently identical with the chloral-hydrocyanidc above 
dosoribed. When tho dilute alcoholic solution mentioned above, irom wliieh tlie oil 
had been separated, is evaporated to dryness at 100°, and exhausted with absolute 
alcohol, it yield.s pota.ssium diehloraeetate, crystallising from tho alcohol iii lai);.! 
plates. When potassium cyanide andehlorjil hydrate it'act on one another inprosonuB 
of water, hydrocyanic acid is evolved, and froo dichloracetic acid obtained, only :i 
small amount of potassium diehloraeetate being produced, and that being probably 
due to tho presence of potassium hydrate or carbonate in tho potassium cyanulo 
employed. The reactions which take place may therefore bo represented as follows : 


(1) . CC1>.C0H + CNK + IPO - CCl*n.C001I + KCl + CNII, 

(2) . CU1-H.C001I + C«IPO = 11=0 -f CCPII.COOC®H>. 


When a solution of chloral hydrate in benzeuo is added to ];>otassium cyanide, tho 
reaction is somewhat different, hydrocyanic acid being evolved, and scarcely anything 
but chloral hydrocyaniilo being formed. On the other bund, if solid chloral hydrate 
bo added to potassium cyanide under benzono, but little chloral liydrocyanide ia pro- 
duced, tho b(?n 2 cne on spontaneous evaporation leaving microscopic prismatic crystals, 
jiielting cat 123°, and having tho coinxiosition C'H^CPO-N. Tliis compound rolits up 
oii distillation into chloral and chloralide, melting at 112°-114° (WaUacn, Jkut. 
Chem, Ges. Ber. vi. 114). 

7. Vapour of cyanic acid is readily absorbed by chloral, wliicli sometimes solidifies 
at the niomont of saturation ; at other times, gas is evolved ot a certain stage of the 
process, and the mixturo solidifies immediately, or after some time, to a vitreous nuiss* 
like fused borax. Tlio product, however, in all instuncos, yields tlie same result ■when 
boiled with moderately conceiitrcatcd hydrochloric itcid, leaving a white granular 
powder, insoluble in water and in hydrochloric acid. This, however, is readily solublo 
in hot alcohol, and even more so in ether, from which it crystallises in microscojpic 
prisms having the composition C^H^CPNO*, and melting ot 167°-17ft®, with. parti®‘ 
ccompositiuii. Uoiled with potassium hydrate, it yields chloroform, fcannic 
carbonic acid, and ammonia, so that its constitution maybe expressed by the 

^IIN\ ■ 

^ ^'CILCCl*, representing two chloral 

united by cyanic acid. On heating it to 200°, it splits up, chloral distUiiuar W?? 
cyamelide being formed. It dissolves readily in alcoholic ammonie, 
removal of tlie excess of tho latter, silver nitrate gives a precipitate of silve|f.<5*®®^' 
The hydrochloric acid solution of the crude substance, after separatioti 
pound above described, yielded on evaporation, besides ammonium hi 

distinct ciystalline compounds, tho quantity of which, hewever, win toft 
admit of accurate examination (G. Bischoff, Deut. Chem. Ges. Scr, v- WJ? A I t,, 

8. When dry ammonia gaa is slowly passed into a small quantHy 

2 or. 3 grams) of anhydrous chloral cooled to a very low temperaturit^ffrii^ 


CC1».0H< 
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orolved and chloral-ammonia, C=HC1*.NJI*, analogous to nldehydo-ammonia, is 
{‘ornietl, a» a white, fusible, volatile body having the odour of aldeliydo-ammonia. 
This L-onipoiiiul is docomposod by strong sulphuric acid into chloral and ammonium 
.siiiphat-is and by water into chlox’oforih and ammonium formate : 

C-IIC1“0.NI1* + H^O = CHC1» + Nn^CIIO-. 

If more than 2 or 3 grams of substance is used for tlio preparation of chloral- 
iiiuiiioiiia, there is always obtained, as secondary product, a syrupy mass, resolvable by 
di-stinsitioii into chloroform, and a residue which yields liydrocyaiiic acid when distilled 
u'itli phosphoric anhydride, and therefore appears to bo formamidc: 

C-HCPO + NH» = CHOP + COII-NK^ 


(Personno, Comp, rend, Ixxi. 22). 

9. Chloral unites also with Aminea and AmhUs . — ^AVith aniline it forms trie h lor- 
cthylidono-diplioiiylainiiio a crystallised bodyanalogpiis to SchiflTs 

cdijlidcno-diplionyl amino : 

ccpcon + 2 C*H»Nn» = cci>ch|^}|^Jp + h»o. 


This compound melts at 100°-101°, but soon begins to decompose u hen kept at this 
teiiipiTaturo. It is iusoliiblo in water and decomposes when boiled with water or 
iileoliol, evolving a poiiel rating odour like that of phenyl isocyauide. Tresated with acids 
it iimlergocs decomposition, yielding wilts of aniline. It does not, therefore, appear to 
jKissi .ss i>asic pro])erties. Hydrochloric acid gas passed into its solution in benzene 
;?iv(:s rise to tlie formation of a largo quantity of iiiiilino liydrochloride, and an oily 
boily which has not as yet hoen obtained in a state fit for analysis. 

Toluidme acts upon chloral in tlio same manner as aniline, giving rise to tri ch lor- 

oiliylideno-ditoluylamine, J N11C®IPC1P’ ^ <*i*y*^hallinc body which 

molts at 114°-115®, 'When alcohol is added to tho crude product of the reaction 

r 0(12 J£$ 

before cooling, largo crystals of tlio compound CCPCHJ are obtained, 


melting at 76®-77® (Wallach, J)cnt, Chem, Qe», Her. v. 251). 

(’hloral also unites with acetamide and bemamide, Chloral-acotamido 
C‘dlCPO.C’'Il^ON is a crystallino compound melting at 166°-167°i yielding by 
ilistiilatioa, first cliloral, then acetamide, and leaving a black residue. With aqueous 
nlkalis it gives chloroform, ammonia, and acetate and formate of tlio alkali-metal. 
Chloral- ben za III id 0 C-IICl^O.CUHON melts at 150°-151°, end is decomposed by 
alkalis in a similar manner to the preceding compound (Wallach, loc, cit,\ Jacobsen, 
Ann. Ch. rharm. clvii. 243). 

On adding chloral to a saturated solution of tirea^ combination takes place, tho 
compound C-IIGI’O.COH^N* being formed when tJio urea is in excess, and 
2(JHCP0.C0H*N*wheTi the chloral is in oxcess. Tho latter body is also formed by 
healing dry urea with chloral to 100® (Jacobsen). 


Chloral Hydrate. C-HCP0.H®0. — This compound is formed by the direct com- 
bi nation of chloral and water. Tho crystalline substnneo formed by the action of 
chlorine on absolute alcohol hus usually been regarded also as chloral hydrate ; but 
Perseiino, Liobon, and others, have shown that tho ultimate product of this reaction 
ih not tho hydrate but the alcoliolate of chloral, C*HC1*0.C**H*0 (p. 313). 

According to Fliickiger {Zeitackr. f, Chem, vi. 432) the best method of purifying 
chloral hydrate is to recrystallise it from pure carbon sulphide, which takes up about 
;,V of its weight of chloral at 15°-18°, and from ^ to i at tho boiling heat. From the 
hot saturated Solution the excess of chloral hydrate separates in beautiful prisms, which, 
on exposure to the ait, quickly give off the solvent remaining attached to them. 
Chloral hydrate thus puriflod boils at 97‘5® (thormometor wholly in the vapour). ^ 
According to Phipson {Chem. Utem, xxv, 267) puro chloral hydrate crystallises in 
obliquo rhombic prisms, sometimes shortened in such a manner as to give them the 
appearance of acute rhombohodrons. The solution of the crystals in water is attended 
with considerable fall of temperature, whereas the formation of the solid hydrate by 
®9"}nination of chloral' and water is attended with considerable evolution of heat. 
Ilalf a pound of the hydrate mixed rapidly with half a pound of watpr, causes the 
tnerinometor to sink, many degrees below 0®. Hinuto fragments of the ciystoia 
floating on the surflmo of pure distilled water move about rapidly with the 
gymtory motion exhibited under similar circumstances by camphor. 

(^na^utien of Chloral Hydrate, To decide whether this body is a true diatimie aicQliol . y 
(wichlorethylideno glycol) CCl*,CH(,OH)*, or merely a compound of cfalonU with ■ 
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wutor of crystrtllisutiou CCP.CHO + H»0, Moycv a. Diilk (JJeiit. Cl^i. Gtt.per. iv 968) 
have subjected it to Ute notion of nsctyl cMoride, wberoby tlioy obtain totrueblori- 

anted ethyl acetate Sov diloral alcoholata treated in 

like mntmor yields the alcoliolalo of acetyl-chloral, according to the equation ; 

Ct;i»-CHjg“jj. -r CTPOCl - IlCl cci»-CHjgg;fp® 

These results leuil to the inferenee tlmt chloral alcoliolate is the ethyl ic other of tri- 
clilorcthylicloiio glycol; and thoroforo chloral hydrate as that glycol itself. 

AVhen perfectly anlij'drous chloral and aectie anhydride are lioaicd together to the 
tcmpcraturo of 150° in inoleeiilar pi-oportions, they unite, forming diacctyl chloral 

hydrate CCP— CH:. , which boils constantly at 221°-222° (uncorrocted), 

'^O.C-IT’O 

has a sp. gr. of l'-122 at 11°, is not miscible with water, and is not attacked by cold 
potash-solution, tlioiigli, on boating it, the odour of cblorafurm is perceptible; it is 
evidently tricloriiiated diacctuto of ctbylidono glycol, the dhusotato itself 
being simiLirly obtained by heating aldelij'dc and acetic anbydriclo to lSt)° as shown by 
Gentber (Ann, Ch. Pharm. cvi. 249). 

When chloral hydrate is boated with five times its weight of syrupy re- 

action bcgiiLs at 100° and goes on to 230°, a distillate being obtained consisting oF 
dilorofonn; formic acid, and nndocomposed chloral li3 dr{ite, together with hj'drocliloric 
acid and Jillyl formate as secondary products (II. IJyasson, Compt. rend, Ixxv. 1628). 

Valuation of Chloral IL/dratc. — The quality of cojimiercial chloral hydrate is usually 
tested by decomposing it' with ammonia or a fixed alkali, nnd measuring or weighing, 
the quantity of chloroform thereby set free. C. II. AVwd (Pharm, J. 'IVans. [3] i. 
703) rceoniincntls boiling the hydrate in aqueous soliitioa with lime (which ha.s no 
sensible act ion on chloroform) and distilling off I he dilorofonn produced. To ascertiiin 
whether the hydrate contains any alcoholato, the aqueous portion of tho distillate may 
he tested for alcohol with tlie iodoform test. 

The decornpasition with alkalis docs not, however, afford perfectly accurate results, 
as some chloroform is taken up by tho water, and some water dissolved by tho chloro- 
form. h’or this reason Versmann (Pharm. J. Trans. [3] i. 701, 066) prefers decom- 
posing the chloral hydrate with sulphuric acid; 5 to G c.c. concentrated sulplnmc acid 
are put into a gradiiHtcd, well-stopped tube, and heated by placing the tube in water 
at 60°; 10 grains chloral hydrate are then uchled, llie whole well shaken, and the tube 
put hack into the hot water. The decompo-sition is instantaneous, and tho anhydrous 
chloral floating on tho acid may he read off as soon as the liquid has cooled down. By 
about twelve hours standing metachloral is produced. In comparative experiments a 
somewhat higher result is ulwuj's given by sulphuric acid than by ammonia. In work- 
ing with 10 grams of chloral hydrate by tho ammonia-test, tliero is, in fact, a con- 
stant loss of 0'2 c. c. of chloroform, owing to the solubility of tho latter in water; if, 
however, the necessary correction bo made for this loss, tho result will ngruo with that 
obtained by the sulphuric acid test. 

On the quality and valuation of commercial chloral hydrate, see also 0. Miillor 
(Zcitschr. f. Chem. [2] vii. 60; Chem. Roc, J. [2] ix. 444 ; Chem. News, xxiii. H®)* 
Paul (Pharm, J. Trans, [3] i. 621 ; Cfiem, 8oc, J. [2] ix. 134). 

On tho physiological action of chloral hydrate see Byasson (Compt, rend, IJtxii- 
742 ; Chem, &>c. J. [2] ix. 748). On its use as an antiseptic, Bingt, polyt, J, cciv. 
260. 

Chloral SalpliTdnites.—(l.) C’HCPO.H'S - Ca» - CH. jgg. AnhydM«« 

cliloinl readily absorbs hydrogen sulpliido, and after tho action of the gas has been 
continued for about twenty-four hours, the wholo solidifies to a white crystalline jnws. 
This may bo purified by distillation and subsequont crystallisation from ether or 
absolute alcohol, whereby it is obtained in rhomboidal plates or quadrangular 
having the composition above given. Chloral sulphy^^ate has a disagreoaWo 
and characteristic taste, resembling that of chloral hydrate. It melts at 77® 
at 123°. It is soluble in all proportions in anhydrous alcohol, etlier, or chlOWft^» 
but is decomposed by water, with deposition of sulphur, tho action being Tery fiOTOj* 
Alkaline solutions jriold chloroform and an alkaline formate and sulphydratob 3^^ 
acid oxidises it, with formation of trichloracetic acid. Sulphuric acid has nO 
on it in the rold, but when heated with it produces anhydrous chloral, whilst; 
etted hydrogen and sulphurous anhydride are evolved and sulphur is dcposl^%;t; ' 
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The pliysiological ai^fcion of tliis compound is retry siqfiilar to that of chloral hydrate. 
•2 to -3* gram administered to guinea-pigs, by subcutaneous injection of the ethereal 
solution, produced deep sloop and a slight acceleration of the movoinonts of the heart 
(Byasson, CompU rend. Ixxiv. 1290). ^ 

(2) Hydrogen sulphide passed into an cthertial solution of anliydroiis chloral, forms 
a iiuiiibcr of compounds, only one of 'v^hicU has yet been isolated. This body has the 
composition 

^ CCl»-CIIOII 

8C»HCl’t).IPS or S<^ 

cci»-cnoii 


It is insoluble in water, soluble in ether and in .alcoliol. Tlic alcoholic solution treated 
with lead acetate, yields lead sulphide and chloral liydratc (Hagemann, jDeut. Chem, 
(jcn. Her. V. 1S4). 

Cbloral JUooliolatef G-HC1^0.C^H“0 = CCl*— C h|q^^jP • This compound 

is formed by direct combination of anhydrous chloral with absolute alcohol, and is 
also llie final product of the action of chlorine on absolute alcohol. Roussin {CompL 
Ixix. 1144); Jahreeber^ 1869, 604) oht .'lined by this latter pwKross a crystalline 
pi-oihict melting at 56° and lK:>irMig at 115®, which ho supposed to bo chloral hydrate. 
J. 'J'liouifecu Chrm. Ges. ii. 597) also regnrdtul the product thus obtained 

SIS chloral hydrate. Personno, liowcver Ixix. 1363), lias shown that it 

is not the hydrate, but the alcoholate of clilornl, inasmuch as it gives by anfil3'sisonly 
iVl t) p. c. chlorine (the hydriite requiring 64*3 p.c.), and when distilled with potash, 
yioKIs alcohol as wi;!! as clilorofonn. 

liiubcn also {Datt. Chrm. Gets. Her. iii. 907) finds tliat the ultimate product of the 
action of chlorine on absolute alcohol has exactly' the composition of chloral alcoholate ; 
it melts at 43°-46°, and boils at H4°-115°. Its vapour-density, determined by 
])iiiiin.s’ process between 157® and 198®, was found in two experiments to be 3*68 and 
3'49 ; now the formula CTI’CPO- calculated for a condensation to 2 volumes requires 
0*58 : lieiico it appears that the alcoholate is resolved at high temperatures into its 
oompononts. 

According to Lichen, the alcoholate may perhaps bo produced from previously 
forrjiod trichloracctal, according to the equation : 


C=1P0(C-T1GP)0C'^H« + HGl « C*JPO(C*HCl*)OII + C^JPCl. 


It is possible also that dichloraccUil, formed by the action of chlorine on the alcohol, 
ui.iy bocorivortcd, l)y;an analogous reaction, into the mono-ethyl in .TI()(C'‘*JI-Gr-’)OC‘‘ll^ 
Mliicli, by further action of chlorine, is converted into chloral alcoholate. 

Listly, the question as to the composition of the crystalline product of tho action of 
dilorino on alcohol has been examined by Jungfleisch, Lebaigno a. Rouclicr (J". PJiarm, 
Llj xi. 208), W'ho were commissioned by tho Societe de Pharmacie in Paris, to undertake 
tiid enquiry. Por this purpose they prepared by synthesis pure chloral hydrate (1.), 
nnd pure chloral alcoholate (11.), and compared these preparations with chloral 
liydratc prepared by Porsonno (P), with a sample of tho liydrate ppep.ared in Gemany 
■lud sold under Lichreich's guarantee (L), and with a product prepared by Roussin (R). 
J'lio results of tho comparison show clearly that Roussin’s product is the alcoholate, 
mid not tho hydrate. 


Boiling point (con*.) 
at 66® of tlio? 
liquid substance } 


I. P. 

07 07 

1-6704 1-5771 


L. II. 

97-6 113-5 

1-5719 1-3439 


B. 

113-5 

1-3286. 


According to C. A. Hartius and P. Mendelssohn-Barthold^j Chem. Gea. Pit, 

’"■^^^3) chloral hydrate boils at 06°, tho alcoholate at 116®-! 16®, and solidifies at 
40 to a rodio-ciystallino mass. Its specific gravity at 40® in the fused state is 1*143. 
4t dissolves easily in alcohol, ether, ethyl acetate, and light petroleum oile» and 
on cooling from tho warm ethereal solution in long needles, 
y hen chloral alcoholate is ^ontl^ heated with phoaphorua pentaohlorida (1 mol. of 
c:ich), torrents of hydrochloric acid are evolved, tne pentochloride disappears, and oil . 

water to the product to. decompese phosphorus oxychloride, totrachlorethyl 
oxide Of chloroxethyl-tricJblorethylidene, 

cw:i‘o « cci«-.oh|^®* 
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separates out as a heavy colourless oil, which boils without decomposition at 188^, ig 
insoluble in water, has a pungent cauiphorous smell, and a sweetish bitter taste, and 
is decomposed by boiling potash, like chloral, yielding chloroform. 

This compound is intermediate between trichloracetal CCl*—CJEI(OC*H®)® boiling at 
230®, and trichlorethylidono dichloridc CCP — CHCl® boiling at 168°. Its existeiico 
throws further light on the constitution of the hydrate and alcoholate of chloral. For 
if the latter were a molecnhir compound in which the cliloral and alcohol existed ns 
Bucli, it ought to yield with phosphorus pen tachloride the same products ns are obtained 
from those bodies separately, viz. CCl“.CHCr‘' and C'-'IPCl. lint if chloral alcoholate 
is a real atomic compound, namely, the moiiothylic ether of trichlorotliylidene glycdl 

Oil * action of phosphorus pentachlorido on chloral alcoholate must 
giro rise to the replacement of OH by Cl yielding, as actually observed, the body 
CCP — Cn > ^1 • The alcoholate and hydrate must therefore be regarded as atomic 

compounds, tlie latter being the glycol of trichlorethylidone (p. 312), 

The boiling points of the liydruto (95°) and of the alcoholate should, accord- 

ing to analogy, be higher than that of the compound CCl*— CHC1(0C®H*) : but 
the.so teinperatiires, as shown by the vapour-density determinations, are not the real 
boiling points, but temperatures at which the compounds in question sufTer docomposi- 
tion. The decomposition of chloral liy^lrate into water and chloral is quite analogous 
to the decomposition of secondary alcohols, such as amylane hydrate into Wfiter and 
iiu olefine (L. Henry, Deui, Chem, Gcs. Ber, iv. 101, 435 ; ChenL Soc. J, [21 ix. 2oq 

898). L j , 

TJie constitution of chloral alcoliolate is furtlior established, as already observed 
(p. 312), by its reaction wdth acetyl chloride, the product of which is acetyl-chloral 

alcoholate or the ethyl-acetic ether of trichlorethylideiio glycol CCl*— ' 

This compound, purified by repeated fractional distillation, is a colourless transparent 
oil, having a peculiar odour, boiling constantly at 198° (uncorr,), and of sp. gr. 1‘327 
ut 1 1°. It is not attacked by aqueous potash at the boiling heat. 

Somolofues of Chloral Alcoholate (Mendelssohn-Bartboldy a. Jdartius, 
J)eut Chm, Ges, Ber, iii, 443; Jacobson, Ann, Ch, Bharm. clvii. 243). Chioral 
unites witli the homologues of otliyl alcohol, forming crystiilline compounds vci}' 
similar to the ordinary alcoholate. They are decomposed by strong sulphuric aciil 
with production of chloral. 

The mcthyl-com'pound^ CCl*— CH(OH)(OCH*), forms a crystalline somewhat 
hj'groscopic mass, very much like the ethyl-compound, molting at 60°, boiling at 160° 
(Jacobsen), at 98° (Burtlioldy a. Maitius). 

The amyl-compound^ CCl"— CH(OH)(OC*H**), crystallises in long, very beautiful 
needles, nearly insoluble ia water, easily soluble in alcohol and ether, moiling at about 
66°, boiling at 1 46°-l 4 7°. It is not decomposed by heating with water, but sinks to the 
bottom as a heavy layer, which solidifies under the liquid only at very low tempera- 
tures (Jacobsen). According to Bartholdy a. IVIaruiis, it boils at 143° and fcs a 
specific pavity of 1 '2340 at 25° It solidifies at 26° to a crystalline mass, easily 
soluble in alcohol, ether, and light petroleum oil, from which last solvent it crystallises 
in tufts of long needles. By prolonged boiling -with water, it is resolved into amyl 
alcohol and chloral (hydrate). 

The cetyl~c<mmund, CCl*-CH(OH)(OC*«H”), is obtained in soft warty groups of 
microscopic needles, when cetyl alcohol is dissolved in a slight excess of warn diloral* 
and the solution is left to cool slowly (Jacobsen). 

Mercaptide, CCl*— CII(OHXSC®H*), formed by the combination of chloral 
with ethyl sulphydrato, dissolves easily in ^eohol, ether, and carbon sulphi^i 
may be crystiillised therefrom (Bartholdy a. Martins). 

The alcohols of the aromatic series do not unite with chloral (Jacobsen). 

cnOftATBB.— Barium Chlorate, Ba(C10*)». Widemonn prepares this salt 
by heating a mixture of 1 mol. crystallised aluminium sulphate, 1 mol. sttljphofis BCifli 
and 2 mols, potassium chlorate with a quantity of water, sufficient to giv« 
pasty consistence. Crystallised potash-alum then separates on coolitig, while ehIo;« 
acid remains dissolved. A four-fold volume of water is then addixl, and 
after filtration, is neuttialisod with barytii-water, whereupon 
separates out, together with a little more alum. The liquiois airin . 

greater part of the alcohol removed, and the liquid, after a s^nd fitriiliiw* " 
evaporated to the crystallising point {Arch, PAafm[2] cxliv. 88), 



CHLORATES. 


315 


potassium Chlorate^ KCIO". A mothod of preparing tJiis salt on tlio lar^ 
scale is described by W. Hunt {Dingl, polyt. X ccv. 77). Diluted chlorino gas is 
passed into a brick tower, into winch there also drops n solution of potassium chloride 
jiiid milk of liiuo. Tlio potassium chlorate thus funned is separated by crystalU- 
satio.'i. 

Decomposition by heat — It is well known that the decomposition of potassium 
chlorate by heiit is greatly facilibitcd by mixing it witli various metallic oxides, as 
manganese dioxide, or cupric oxide in the state of powder ; but the manner in which 
these substances act has not been very clearly made out. G. Hornsby {Phamu J, 
Trans, xv. 352), maintaino<l that oxygen, disengaged from potussiiim chlorate in 
presence of maii^incso dioxide, is always accompanied by chlorine, with production of 
a brilliant and hitermittent light, which ho attributed to electricity, engendered by 
the molecular change of the gaseous particles. On the other hand, Witt {ibid. 411) 
maintained that the oxygon obtained from such a mixture at a high temperature 
posse.sBeB much more combustible energy than the same gas prepared at a low tempo- 
ratiiro ; and that the sparks observed by Hornsby were due to organic matters whicrh, 
by chance, were in contact with tlie gas. AVitt also recalls the two phases of the 
decomposition of potassium chlorate originally observed by •Seriilla.s, mid coniirined 
liy Millon : 

1st phase . . . 2KC10» - KCIO^ + KCl + 0^ 

2nd „ ... KC10« - KCl -i- 0\ 

and observes that the oxygon produced in the second stage of the reaction is much 
more uctive thaTi that produced in the lir.st sbige, ns, like ozone, it turns iodised test' 
p:Lp<3r bluo. The same* character is also met with in tho oxygen prepared from 
pota.sKinm chlorate by tho aid of manganese dioxide, nlthongh he further suppo.ses 
that this oxide exerts a purely mechanical action, interposing itself between tho 
particlc.s of the chlorate, and thus facilitating its decomposition by' heat, just as certain 
powders thrown into licuted liquids facilitate their ebullition. Tho same kind of 
action is exerted by tho oxides of copper, iron, and chromium, none of those bodies 
undergoing any change whatever. A similar view was Biibseciuently put forward by 
Deville {Li\'o)ia sur la Dissociutioni pro/essees a la Sooicte ehimi^e, 1804, p. 363), who 
compares tho deeoniposition of jiotassium chlorato by heat to the obiillitioii of w’ator 
oliargod with a .suit, tho solution becoming concentrated as tho vapour csenpe.s. Hero 
the vapour is oxygen and the potissium ciilorido produced becomes tbo salt which is 
cnncuiitratid. On adding a foreign Ijody, oxide of copper, oxide of manganese, &c., 
to tljo clilorattJ in fusion, theso auxiliaries of ebullition evidently' fiivour the disougago- 
incrifc of oxygen, ns tlioy would favour in Tvatcr tho production of vapour. This view 
is, however, at variaiiec with tho fact tliat pobissium chlorato loses its oxygen wthout 
entering into fusion. 

E. O. Brown (Pharm, J, Trans, xv. 469) impugns tliis theory, and considers that 
the oxide of manganese acts by its proper nature, inasmuch as tho same effect is not 
iwoduccd by tho presence of other iinely divided substincce, pounded qiiartx for 
i?xarnplo. He attributes tho supposed activity of tho gas obtaineef under these circum- 
stances to tlio pre.scnce of clilorine. Witt, however {ibid, 603), finds that the samo 
or even greater activity is exhibited by oxygen evolved from substances not containing 
chlorine, namely, from a mixture of potassium dichromate and sulphuric acid, 

^iehuubein {Jaftresb, 1866, 260 ; 1857, 62) suggested that potassium chlorate may 
ho rogaided as a compound of p^ssium chloride and ozone, and tliat this ozone is 
coiiYcrtod, by tho combined active oxygen of the manganese dioxide, &c., into ordinary 
*10 longer remain united to tho potassium chloride. 

This riow is controverted by Wiederhold (Pogff. Ann, cxvi. 171) on the ground that 
pliitinu|n black facilitates the decomposition of potassium chlorate, as well as bodies 
containing oxygen, and tlmt the oxygen thus evolved turns iodised starcb-papor blue, 
whence it cannot be ordinary oxygen. An inUnuite mixture of 2 pts. potassium chlp- 
nite with 1 pt. manganese dioxiao begins to give off oxygen at 200®-206® ; with euprie 
oxule, the evolution of gas begins at 230^'-235^, with platinum-black at 260®-270^, 
With load dioxide at 280^-285®. Wiederhold attributes. tlie action of these several 
Buhstaiices to their power of absorbing heat ; tho relative volume of the catalyrtio 
Bubstanros appears also to bo of some importance, inasmuch as those bodies whidi 
induce tho decompositiou at the lowest temperature ore also the most bulky. ^Wh^ 
9 ftno manganese dioxide apd potassium diloiato is heated for some time to> 

u , the evolution of oxygen ceases, recommencing .only at a higher tempezatdre ;;: 
on ceasing again, and so on by steps up to 260® ; but when tho mixture of potasriwu . 
omtowith m&nganese dioxide or cupric oxide is quickly heated to 280®“206®, a| 
ry tumultiwus evolution of oxygen is set up, the temperature of the mixture viun^ at; 
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once tliTotigli 10° or 50° ; in the other mixtures the tumultuous evolution of gus does 
not take place till the heat is raised ahovo 340°. During the heating of tlicse 
mixtures, the temperature of the iiiUldle of tlio mass is always eonsidorahly below 
■ that of the external portions, uniformity of temperature being established after souio 
time only; but when tlio mixture of potassium chlorate and manganese dioxide is 
heated to 250°, tlie temperature in the interior finally rises to 254°-265°, so that an 
Actual evolution of heat takes place. The same rise of teinperaturo is observed in a 
mixture of potassium chlorate ami cupric oxide at 290°. Since cupric oxide and 
mangnne.so dioxide do not exhibit this rise of temperature' when heated alone, 
VVioilerhohl .attributes the excess of teinperaturo to the evolution of beat accompanying 
the liberntion of the oxygen. It is further to bo obsoiwcd, that when pohissiuni 
chlorate is decomposed in contact with any of thesu 6iib.stances, no perchlorate is 
formed. 

When potassium chlorate is heated to fusion, then removed from the fire, and small 
quantities of pulverised manganese dioxide, cupric oxide, &c., arc tiirown into it, evolu- 
tion of oxygen begins imiiitdiatcly, the teinperaturo rising to incundeseenco (at least 
with cupric oxide, .and "with ferric oxide or manganese dioxide prepared in the wet way). 
The manganese dioxide does not lose any oxygen. WIioii O'l gram of the catalytic 
substance was added to 3 grams of potassium chlorate, completo ducoinposltion w.is 
produced by cupric oxide, and by ferric oxide and niringaneso dioxide prepared in the 
wetwjiy; w’ith lead dioxide, native manganese cUoxidu, and platinum bhick, on tlio 
otliop liaiid, it was only partial. 

Further experiments on this subject havo recently been made by Baudriinont {J. 
Pkarm. [4] xiv. 81, 181) wlio.so re.sults ngreo in tho imiin witli thoso of Wii.-dcrhold. 
By heating in a meroiiry-ljath a mixture of 4pts. pure and findy pulverised potassium 
chlopsito with 1 pt. of black copper oxide preparol in tho w'ct W'ay, ho finds that in 
presence of copper oxide, potassium chlor.ato can give up its oxygen at 150° or 160° 
below its normal temperature of decomposition (about 400°), tho disengagement of gas 
taking placo easily and rapidly, and becoming tumultuous at about 300°, tlio tempe- 
r.ature then rising suddenly to 390° without any sign of ignition. Tho wdiolo of tho 
oxygon of the chlorate is given off, together with a small quantity of chlorine, while 
the copper oxide is not alt<.‘red in any wa}'. Similar results Avero obtained with 
manganese dioxide. When the mixture of potassium chlorate aiitl copper oxide wn.s 
intrc^ucod into a platinum crucible previously heated nearly to dull redness, it fused, 
boiled quietly, then more quickly, with intumescence, and soon aftorwaiAls tho do- 
composition w’ns tcrmiimtcd by u general incandescence, leaving tho crucible at a 
heat below redness. 

TJic following experiments relate to tho influence of various circumstances on tlie 
manner of the decomposition. 

Influence of the Nature of the Body in contact. — Tho results are from experiments 
made upon 4 grams of potassium chlorate and 1 gram of the substance addon. Spongy 
Blatinwn, — No action whatever up to 3G0°. When the two substances are fused 
together, the evolution of oxygen may l)o a little accelpratoil, but there is no incande- 
scence. This result does not agreo w’ith Dovillo’s theory. Mercuric earicZs,— No 
action whatever up to 360°, the oxide being found inmet after tho operation. Silver 
oxi ^. — Gas is evolved at 220°, dxio however to tho decomposition of the oxide. 
This soon ceases, and there is no further reaction oven at 360°. Heated more 
strongly, tho^ chlorate decomposes quietly, with formation of silver chloride and 
potassium oxide. This result is opposed to the statements of Schonbein and Witt, 
who say that the action of this oxide upon tho chlorate is very energetic. jNiauiwn 
permaiwanate.--GuH is slowly evolved at 360° and Uio decomposition of tlio two salts 
proceeds simultaneously. The permanganate decomposes at about 250° into oasyST®®* 
potassium ozido and manganese sosquioxide; tho last-named substance then resets 
upon tho chlorate, nnd^ gr^ually transforms it into potassium chloride and oxyfi|eii; 
the temperature not rising beyond 360°. Black oxide of Copper, — ^Besult altwy 
given {vid. sup,). Native Manganese dioxide. — Bensiblo action, even before 200°; b®“ 
coming continuous about 2.')0°, and even violent about 310°-820°, tlio thermometer 
rifling beyond 360®. The loss in weight is 1*62 grams, tho excess over tho cidcillAtieft 
lou, l*6fl grams, being due to the evolution of a little chlorine. 

Action begins about 250° but is not continuous until 320°-825°. I'lio evoluw^ 
takes place readily, but there is no sudden rise of temperature, and the total 

S isition of the suit rMuires a long time. Black oxide of €hbalt, Br!mi fl^^ 
anganeaef Dioxide of Lead, — Action more feeble than with the subirtaimei.tt!®!^^ 
named. A long time is necessary for the evolution of all the oxygen; and 
nituredoes not pass beyond 860°. The composition of these bodice 
^nge during tho reaction. All tho preceding mixtures undergo true 
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Ulo temperature rises to 360^. Tlie -weaker the action of the oxide, the less is tlie 
amount, of chlorine evolved with the oxygen. Alumina. — Gas is evolved from 250®, 
hut eo much contaminated -witli chlorine, tliat the alumina appears to act as an acid. 
After iho reaction the residue is alkaline, and tlie amount of potassium chloride 
present is 2*19 grams, instead of 2*44 grams, as required by theory. 

Influence of tlie State of Division, of the Sitbstances , — Fotassium chlorate is decom- 
paseil in prcaouco of cupric oxide, -with much greater facility -^'lion the salt is finely 
gifted than when it is only coarsely pulverised. 5 grams of a mixture of coarsely 
pulverised chlorate with one-tenth of its weight of cupric oxide, lost only 0*60 gram 
of oxygen at 360® -whilst in a similar experiment with the salt finely sifted, the loss 
Wiis grams. Hut the influence of the state of the bodies is more plainly seen liy 
comparing tho cfTect of black copper oxide obtained in the moist way, with that o1> 
fciined by ignition. Tho former decomposes the salt with groat facility, and produces 
incandescence of the mixture when present to tho extent of one two-hundredth part ; 
while tho latter nets only towards 310®-320®, cfiusing a very slow and foeblo evolution 
of gas, and scarcely producing incandcsconco when prc.sent us a twentieth part. So 
also mangancso dioxide and ferric oxide obtained in the moist -a'ay, act -with much 
greater facility than native manganese dioxide and ferric oxide obtained by ignition. 

Influence of the Proportion of the Active Substances as compared with the Amount ofl 
Potassittiti Chlorate. — By experiments -with bhick copper oxide, maugancso dioxide, 
and ferric oxide, in proportions varying from one half to one five-hiindredtli part of 
th{j mixture, it was fonnd that, although tho decompositioTi of tho chlorate is acceler- 
ated by even so small a proportion of the active substance ns one fivc-iiundrodth part, 
thi^ greater the pro^jortioii of the latter, tho more rapid is the decomposition, and 
tho greater is tho proportion of tho chlorate decomposed ; but there is no relation 
.between these proportions and tho equivalents of the substances employed. Tho mix- 
tures in equal parts do not undergo any fusion at tho temperature of boiling mercury, 
and only imperfectly when heated on a sand-bath. The phenomenon of incandescence 
is never produced -when tho maximum temperature is 360®, but is developed with 
great facility (tho mixture in equal parts excepted), when a dull rod heat is attained. 

Influence of Temperature. — The decomposition of tho mixtures generally commences 
nt jilx)iit 210°, or towards 300° when tho active substance is present in very small 
propfirtioii. Even nt these low temperatures tho mixturo may be completely dccom- 
]ioscd, but the evolution of oxygen is very slow, and tho mixturo docs nob enter into 
fusion. Oxygen so prepared is perfectly froo from chlorine. When tho temperature 
is raised to 310°-320°, gas is evolved violently, there is an emission of heat -without 
ignition, and tho tomporaturo passes all at onco beyond 360°; at tho same time 
chlorine is liberated, and tho mass undergoes complete liquefaction. At a still higher 
temperaturo the evolution of gas is still moro rapid, and, in fact, tho rapidity of tlio/ 
decomposition is in proportion to tho temperature. 

Chemical Actions which certain substances exercise upon Potassium Chlorate . — 
Potassium chlorato ciiusos* the inftammation of sulphur, wood-charcoal, gniphite, siil- 
pliide of antimony, &c., below the temperatnro of boiling mercury, and during tho 
ruiction there is an enormous development of heat. Substancc.s which react upon this 
Siilt generally nT)sti'act its oxygen, rarely its chlorine, and sometimes also seize its 
potash; wdicn the last-named reaction occurs, there is always a largo quantity of 
elilorino produced, duo to tho decomposition of the chloric acid liberated. When green 
oxide of chromium is heated in a mercury-bath with this salt, a consid^ablo evolution 
of chlorine and oxygen occurs even below 200°, and tlto oxide is completely transformed 
mto potassium chromate below 290°. Mctastaunic acid has no action upon the chlorate 
nt 360°, but at a higher temperaturo chlorine and oxygen are evolved, and tlie residue 
iH strongly alkaline.^ Tungstic acid bemns to act upon the salt at 270°, and at 350° 
there i.s evolution of oxygen with much chlorine, and probably with formation of nn 
a^dino tungstate. Silicic acid acts only beyond the melting point of the chlorate, 
witli evolution of oxygen, chlorine, and excessively pungent white vapours, which 
jnay be chloride of silicium. Fused boric acid acts energetically, chlorine b^ng 
hburated in great abundance. 


CKXiOURTBUrs. Diohlor hydrin, C»H*Cl»(OH).— AcconUng to HuLiiei* 
C. aiiillor {Zeitschr.f. Chan. [2] vi, 344), dichlorhydrin prepared by Berthclot’s 
(i- 893) boils between 174° and 186°, and when subjected to frwtional 
distillation does not exhibit any constent boiling point, though laigor quantities pass 
174° to 177®, and from 184° to 186°, than at tlie intermediate temperatures, 
the lower and the higher boiling portions exhibit the compositioilof dichiprhydrin, 
wnoiico Hubner a. Milller infer that the dichlorhydrin boiling^tweeit 174° and 188° is 
aunxturoofthetwoisomcrideB, CH*Cl-OHCl-CH*0HandCH»Cl-CIIOH-CIl?a 
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According to A. Watt, however (Zfen/. Cfteni. Oea, Ber, v. 267), the portion of 
the above-mentioned product which boil« at 182^-18^° is not homogeneous, but 
resolvable into two portions of lower and higher boiling point respectively, tlie latter 
being very small in quantity. ITcnco Watt concludes that no second dichlorhydrin iy 
produced, at least in any notable quantity. Tlio same conclusion is arrived at l)y 
Markownikoff (JJcuf, Ckcm. Ges. 7/cr. yi. 1210), who finds that both the lower and tho 
higher boiling portion yield by oxidation the same product, viz. a crystollino diclilor- 
acetone melting at 43^. 

According to CJaiia {Ann. Ch. Vharm. civ. 42) dichlorhydrin is best prepared by 
tho action of sulphur chlorido on anhydrous glycerin: 

C»n«0» + 2S=»C1- =* C»H«C1*0 + S0= + 2HC1 + S». 


Glycerin is concentrated till it boils at 106°; 800 grams of it arc then placed in a 
flask conncct.eil witli a reversed condenser ; and 2 kilograms of sulphur cJilorido iiru 
gradually added, the mixture bring well .shaken and heated in a salt-bath. i\ft(T 
seven or eight hours, the condenser is removed, and tho product hcatud for nn lionr 
longer to cxptsl sulphur dio.xide and hydrogen chloride. Tho cooled mass is oxluiusted 
with ether, tho solution first distilled in a water-bath, and tlio restduo distiUtnl ovt:r 
the miked flame. 800 grams of glycerin thus treated yielded 700 grains of puro 
dichlorhydrin. Tho byc-iiroducts consist of sulphuretted bodies of higher boilinc 
point. 

Dichlorhydrin has a specific gravity of l*3fi9 at 16°, and boils at 176°-177° (Wnp). 
By oxidation ^vith chromic, acid it yields ohloracctic acid and dichloracctone (Watt, 
Claus), and, by fiirtlicr notion, hydrochloric acid arul carlxm dioxide, probably together 
with formic acid (Claus). By oxidation with nitric acid it gives oxalic acid and nn 
oil having tho smell of chloropicrin (Watt). 

According to Markownikoff {loc. cit.) pure dichlorhydrin prepared by addition of* 
hydrochloric acid to epichlorhydrin, is an oily liquid of sp. gp. 1*383 at 19°, boiling at 
171®-171*5°, soluble ill 19 times its volume of water at 19°. By oxidation with chromic 
acid it is converted into a dichloracetonc, C»H^CPO, which crj^stallises in rhomlnc plates 
melting at 43°, and is therefore isomeric with tho dichloracetonc produced by the action 
of chlorine on acetone, which is a liquid boil ing at 1 20°-l 21 °. The solid dichloracetonc 
unites with sodium bisulphite, forming tho compound C*n*Cl*O.SO®NaII + 31I-0, 
which crystallises in long four-sided prisms. 

When dichlorliydrin in ethereal solution is arlded drops to sodin 7 n immersed in 
anhydrous ether, a violent action takes place, tho other distilling w^cr, and a white 
saline substance being left wliich, when separated from tho remaining sodium by tri- 
turation and sifting, dissolves easily in water. On distilling the aqueous solution till 
the boiling point rises to 100°, ami mixing the distillate with potassium carboniite, an 
oil^ liquid ri.ses to the surface consisting of allyl alcohol. The action of th^ 
sodium is therefore simply to remove the chlorine from the dichlorhydrin ; 

C*H*OKC]* + Na« * 2NaCl + C»H»OH. 


Kydrogen also appears to remove the chlorine from dichlorhydrin without replace- 
ment (Hiibner a. Muller). 

Action qf Ammonia (Claus, Ann, Ch. Pharm. clxviii. 20). Dichlorhydrin hented 
ammonia yields ammonium chloride and chlorhydrinimide, 

1 u 1 '* 1 compound is a white amorphous mass, insoluble in water, 

alronol, ether and concentrated acids, not acted upon even by boiling with sulphuric 
acubaqua regia, or strong potash-ley. In hot water it bwoUh up enormously and yieldc 
a perfectly transparent jelly. It appears to Im identical with the compound which 
Kchoul obtained by the action of alcoholic ammonia on epichlorhydrin. Heated to 
poi slaked lime, it yield.s an oily distillate containing a rosin and basic com- 

Iho formation of cldorliydrinimido is ri^^scntcd by the equation : 

4C»H®C1*0 + 9NII» a 6NU*Cl -f 


The structural formula assigned to it by Claus is : 

CH*C1 CH»~NH— CH* CH*C1 
CHOH emOH CHOH [iHOH 

ilH’-NH— in* 

fl.- The formation of chlorhydrinimide in the quantity indicaUid 
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equation takes place only when 9 mol. ammonia are used to 4 mol. dichlorliydrin and 
the alcohol contains about 4 per cent, of ammonia. 'When the solution contains only 
uhoiit 1 p. c. ammonia, no chlorhydrinimide is obtained, but the product consists of the 
liydrochlorldes of two new bases, together with sal-ammoniac. 

(1) . DiamidoJhydrin, Hydrochloride^ C*H**N*0.2HC1. This is a very 
hym^roscopic substance, partially decomposed, with formation of ammonium chloride, 
when the alcoholic solution obtained in the process just described, is filtered frora 
the sal-ammoniac and evaporated. On dissolving it in absolute alcohol and adding 
platinic chloride, transparent prisms or needles nre deposited, having the composition 
of diainidohydrin platino-chloride, C*H*®N*0.2HCl.PtCP. 

(2) . Glycidamine fry<frocAZortdtf,C*H^NO.IICl, is obtained in crj'stals by pre- 
cipitating the same alcoholic solution with ether: it is also very hygroscopic, but 
appears to be more stable than the preceding hydrochloride. 

The platinochloride, 2(C®H'NO.I[Cl).PtCP, crystallises in transparent glistening 
needles. Glycidamino appears to be identical with the glyeoramine of Bortholot and 
l)c Luca. 

The constitution of tlioso bases and the mode of formation of their lijdrochloridcs 
may be represented by the following equations : — 


cn=ci IPC— NIP.HOl 

CITOII + 2 NJI^ = CHOH 
cH'ci n-l)— NmHci 

bid 1 kirhydiin . biamidohy d rin Hydrochloride. 


H*C~NH^.IIC1 IPC-NmHCl IPC— NH^.HGl 


(Won — Nipci 

= in 

OP C — OH 

1 

< [ 

1 

IPO— NIP.HCl 

OTP 

CIP 

l)iuiuL'loliyilr.lii.lIydrochloriile. 

Glycidamino Hydrochloride. 


Trlolilorhydrin, C^IPCP. Acconling to Berthclot (Ann. Ch. Pharm. clr. 106) 
tlie Wlie.shaying this composition which are not directly allied to glycerin, are for tho 
most part only isomeric with the true trichlorhydrin obtained from tliat body (i. 804>. 
T(i cstfiblisli the identity of any such compound with trichlorhydrin, he considers it 
iii!ce.ssaiy (^) show that tile body in question may be reconverted into glycerin, by substi- 
tution of 30H for 3Cl, under the same circumstances as trichlorhydrin itself. It is true 
that this transformation is difficult, oven in tho case of tho true trichlorhydrin, not being 
produced by the action of alkalis, or with certainty even by that of moist silver 
oxide. It may, however, bo satisfactorily effected by heating the chlorido in a di^es- 
lioii-tiibc to 160® for 26 to 30 hours with puro water ; part of it is then converted into 
iiisoluljlc polyglyccrin derivatives, but tlic greater part into glycerin. Trichlorhydrin 
is fiirtlior characterised by boiling at 156®, and by being converted by potash into 
ppidichlorhydrin C*IPGP, boiling at 101®, which in its turn may be transformed into 
the liquid compound C*iI^CP, boiling at 164®. By these tests, Berthclot has examined 
the following isomerides of trichlorhydrin : 

1. 0"II*C1* /rowi Acetone. Acetono was treated with phosphorus pentachloride, 
whereby the compound C*H*C1 was formed, and this was treated at 0® with dry 
chlorine. Tho product separated on distillation into C*H*C1* boiling at 140®- 145®, 
nml C*H*GP boiling at 161®-166®. Neither of these compounds yielded glycerin 
^'nen hoated with water; and tho same negative result 'Was obtained with the com- 
pj>nmi C*II*ClBr® produced by direct combination of C*H*C1 with bromine. Tliat tho 
.iboYc-mentionccl acetone derivatives are merely ispmeric irith tliose obtained from 
1 '^pj’lcno chloride is seen from their boiling points i 

C*H«C1* C*IPCP C»H«CP 

J 10 propylene compounds boil at . . 104® 170® 195®-200® 

■tlie corresponding acetone dorivatires boil at 70® 140® 166® 


p],i« from leopi^l Iodide. This iodido was first converted by the acHoii ^ 

nuonno on the corresponJmg chlorido C?H»C1, and the latter wm fiirther chlonnaM. 


Two comi 
cami 
190®. 


nds were* thus obtaT^r namely d»H»Cl* boiling at 160®^! 60®, and a 
I body 0*H^CP of sp. g;r. about l'd6i melting at 146® and boiling at 160®^ 
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The formor -when hoatcd witli water did not yield a trace of elyceriu. 

3. from Vropane, Tin's hydrocarbon, prepared by heating ethyl cyanide 

with hydriodic acid to 180° was chlorinated by Schorlemmor’s method (la^ Svjppl^ 968). 
whereby two chlorides wore obtained, namely C^IPOl®, boiling at 200°, and C®IPC1*, 
boiling at 150°-160°. The former was further chlorinated and tlio product, together 
with the trichloride just mentioned, was siibmitted to the action of water. The 
results wero doubtful, as only small quantities of material wore employed. 

From these facts Bertlielot coiii*huh?» that there nro at least live scries of isomeric 
compounds C=*X*‘ (where X Cl, H), namely, those derived: 1. from Propane; 
2. from Propylene liydrocliloridu or Isoprop3'l chloride ; 3. from Normal prop^dono 
chloride; 4. from tlio Acetone derivative C^H^CP; 6. from Tri chi orhj'drin ; to which 
perhaps may be anncxwl .ms special series, the corresponding derivatives of Alljd 
chloride, the tu'o Hydrochlorides of Acrolein, the two Hydrochlorides of All3'lone, 
&c. 

On the phj'siologioal action of triclilorhj-drin, see Homansky {PJliig6r*s Arc?tio.fiir 
Physiologic^ v. 306 : Chnn. Soc. J. x. 002). 

Bplcblorhydrln. C“lPClO. This compound unites with sulphuric acid, with greiit 
evolution of heat, and forms a thick oil, CHPCIO.SOHP, or CH“OH.CH(iSO*H), from 
which the sulphuric acid may bo removed by x)otash (Opporihoim, l)ivt. Chcni, Ges, 
Jki\ iii. 735). 

Clilorobromhydrlii, C^IP(nO)BrCl. is prepared by the action of fuming hydro- 
bromic acid on epicldorhydrin. When oxidis<-d by chromic acid, it yields a product which 
boils at 176°-188°, aiul solidifies in ice-cold W'ater. On expressing the water from 
this product, and ivcrysl allising it fmm ether free from alcohol, ciystals of cliloro- 
bromacotouc C“U‘BrClO arc obtained, which medt at 3t°-35‘o°, have a very 
Xmiigent odour, dissolve easily in alcohol and ether, sx:)aringly in water, and unite with’ 
sodium bisulphite (Tcgartcn, Dent. Chem, Ges, Per. vi. 1212). 

cmoriodliy drinsi — D ichluriod ky dri n, C^’IICPI, obt.Miiicd by acti ng on clilor- 
iodohydrin with phosphorus i)i!iiUicliloridc, is a colourless liquid, with a faint ctliereal 
Miiell. boiling at 205°. It is nouLr.il, but soon becomes acid in tJio moist etato 
(Ij. Hcnr^*, Jbeut. Chem. Ges. Per, iv. 701). 

Chlorohroiniodokydrin, OTPClBrl, obtained by acting with ijhosphonis 
peutabromido on cliloriodoli^'drin, is a substance with similar properties, hut 
decomposed on boiling, free iodine and acid va]X)ur.s being given off (Henry). 

CbloronlMns (L. Hcnr^*, Ann. Clu Pharm, civ, 164). The mono- and di- 
lialogen-liydrins, as well .m-s the cpi-halogen-liydrins of glj'ccrin, aro acted on by puro 
hydrogen nitrate, UNO*, in such a manner that the Oil and O contained in them r.ro 
replaced, by equivalent quantities of tlio nitric acid residue NO*, provided that tlie 
only halogens prc-sent are chloriuo and bromine; with the chloriodo- and bromiod- 
hydrins, tho^ reaction takes place somow’hat differently, the iodine as well as tho 
hj'droxyl being then replacetf by NO*. The method of preparing tho iiitro-halogen- 
hydrins, is essentially tlio same as that emplo^'od for the preparation of nitrogl3'ccriri. 

To prejiaro mono- and di-nitrochlorhydrins, monochlorhydriii, or dichlorhydrin i» 
gradually added to a cooled mixture of equal volumes of fuming nitric and strong 
sulphuric ticid, with vigorous stirring in order to bring the two liquids (which do not 
mix xiorfectly) into intiiiuitf? contact. Tho reaction takes place very quietly, cspecinlly 
ill tho case of tho dielilorh3\lriu. When it is complete, the whole is poured into cold 
water, and tlio heavy oil produced is washed with solution of sodium carbonate and 
doh3’drated with calcium chloride. 

Tho product consists of monochlorodinitrin C*lP.Cl.(NO®)*, or dichloromononitrin 
C*H^Cl*.NO*. The former of these compounds may also be prepared from epidilor- 
hydrm C*H*.Cl.O, by^ adding tho latter very carefully, so as to avoid even locnl 
hfwtiiig, to fuming nitric acid cooled with ice, and pouring tho mixture into coldwtcr, 
whereupon the cliloroni trill wparates as an oil. To ensure complete conversion, tho 
product is treated with a mixture of nitric and sulphuric acids, and tho process is 
com{)lctcd 111 tho manner al)Ove described when mono- or dichlorhydrin is usw 
starting point The reaction is siqiposed to consist, first, in the addition oiTtte 
elements of nitric acid to the epichlorliydrin, forming tho compound C*H*.Cl.Qfl»BO » 
and, sccondl3', in the repLacoinciit of tho water-residue OH by NO*. 

Pichloromononitrin^ C*IP.Cl*.NO*, is a colourless oil having a faiutly.pojP®? 
iiitrous odour and a saccharine taste, slightly soluble in water, easily in . alcohol- .aBU 
ether, and having a s^ific gi-avity of 1 *465 at 10°. It distils, with pwri&A 
aiteon at 1 80°- 100°, therefore, like otlicr nitric ethers, at a temperature 
8li£^tl3r from the boiling x)oint of tho. corresponding .alcohol {dicIilorhydrm)**;';:;SB?§ 
on platinum foil, it burns quickly with a white flame. Aqueous potash 
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upon it, but alooholic potash attacks it, even in tho cold, forming potassium nitrate, 
potMSsivim chloride and opiclilorhydrin, and finally reducing it to glycerin. From 
siqiicous hydriodie acid it eliminates iodine. Ammonium sulphydrate in alcoholic solu- 
tion reduces it quickly, forming an oil which appears to bo the thio-compound 
C‘^U^.C1*,SII, analogous to dichlorhydrin. 

Monochlorodinitrint C*H*.Cl(KO*)*, is very much like the preceding compound ; 
it lias a specific gravity of 1'5112 at 0®, and appears to bd non-volatilc. Neither of 
tlieso diloronitrius can bo exploded by pressure or percussion. 

Ill tlio scries of tho chloroiiitrins, tJie specific gravity increases witli the proportion of 
thus:— 

Hydrin containing Cr Cl*(NO>) CUNO^*)* 

Sp.gr. 1-347^1*417 1*465 1*5112 1-505-1*600. 

Chlorohromonitrint C*H®.Cl.Br.(NO*), formed by adding chlorobromhydrin in 
Bmnll quantities to a. mixture of nitric nnd sulphuric acids, is a thick colourless liquid, 
having a pungent odour and a bitter taste. 


CBliORZUE* Preparation* — Deacon’s process for preparing chlorine by passing a 
mixture of h3*drogcn elilorido and oxygen over cupric sulphate or otlicr copper salt 
heated to 700°-750° F. (Isi Suppl. 435), has been explained by its author in a lecture 
(lidivercd before tho Chemical Society on June 20, 1872 (see Chenu Soc* J* [2] x. 
725-759) ; abstr. Chem. xxv. 307). The paper contains an account of numerous 

fxporiments both on tho laboratory* and on tho manufacturing scale, the chief results 
of wliicli are as follow : — 

1. Tho heated mixture of hydrochloric acid gas .and oxygen or air does not j’ield 
rlilorino, except in presence of some substtanco capable of being attacked by the hydro- 
ckloric acid, amongst which tho copper-compounds are eminently active. For economic 
nasons. the sulph.ato is tho salt mostly employed. 

2. With the same mixture of gases at tho s.ame temperature, the amount of hydro- 
eliloric acid decomposed by the aid of a molocuio of tho copper salt in a given time, 
(lepciuls upon tho number of times tho molecules of tho mixed gases are passed 
tlirough the .sphere of action of tho copper salt. 

.3. There is a cortaiu small range of temperature between tho limits of which tho 
Ijcrc'ontago of hydrochloric acid decomposed varies greatly; this percentage is higher 
inr the sulphate of copper than for tho chloride, but is tho same whetlier solid cupric 
sulphate is used, or merely pioccs of brick saturated with it: hence the amount of 
.n< tjon appe<ars to depend upon tho surface rather thon tlie mass of the copper salt 
prc.s(!nt. 

Ill experiments on tho lai^o scale, tho critical temperature is always lower than in 
kljorntory experiments, usually 100® or 160® ; and when tho mixed gases are passed 
througli a series of parallel tubes coated internally with cupric sulphate, an increased 
velocity in tho fiow of gas yields only about one-third the increase in the amount of 
clilorino produced, that an irregular porous surface does under the same cJxcum- 
Ktr'inces. 

4. Other conditions remaining tho same, tho percentage of hydrochloric acid 
fleconiposed varies witli tho squ^iro root of tho proportionate Tolumo of oxygen to 
uyupochloric acid. 

5. The cupric chloride formed bears no definite proportion to tho amount of 
I'hloruie produced. 

De L.alando a. Prudhomme (BuJl* Soc* Chvm. [2] xvii. 290) find that when a 
iiiixhiro of silica with the chloride of an alkoli-mctal, alkaline earth-metal, or oartli- 
redness and subjected to the action of a current of air or oxygen 
t?iSi chlorine is evolved and tho chloride is converted into a silicate : c.y, 

SiO* + 2NaCl + O - Na*SiO» + Cl*. 

When hydrocliloric acid gas is passed, together with oxygen, over the mixture of 
■iica and chloride, tho hydrochloric acid reproduces the metallic chloride at each 

instant by decomposing the silicate; 

Na*SiO» + 2HC1 - SiO* + 2NaCl + H«0. 

In this manner a continuous evolution of chlorino is obtained. 
j^.^|^®^7®'tor-vapoup formed in the preceding reaction gives rise to ttra secondafgir fOf 

The water is decomposed by the chlorine : 


H*0 + 2C1 2HC1 *f 0. 

The chloride is decomposed by the water : 

, 2Na0i + H*0 « Na*0 + 2HCL 

® o«l>, Y 
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Boric, Btannic. and phon>horic aciOs, alujmna. prmice-stono. 

hi^icr than inUeacon’s process, but tho quantity 

and on the Absorption of Light bg Chlorm «,rf 

its Compmndt, BOO Tleilstcin’s method o^ detecting chlorine, bromine, 

anf“irovff:^rsuU.nces by heating them u-itU euprie oridc in a gas-flnme, 

i2ri!.°lM3o"'"iiUl .iui ail .t ^ 8.. 1 ■>■ Mb, rf gb.* « ll. 

Peiiots mctlmK gr vatcr). Tho Btandard solution is thus prepared: 

™ rf S<l»ed a^nil o^de are dissolved by tho aid of heat in 40 c.c. ef 
Tnd tiiniution is diluted to one litre. Every 10 c. c. corresponds to 01 
1 1 • \ /iv>nn rtf wilution of inclv'‘0 sulphuto is used us an indicator, and the 

b eSg" Vor 1r£.n 

d^ved or\hanged to a brownish yellow. Tho results obtained by this method an. 
W tt^a^wifh those obtained by the use of a solution of arsenious oxide in aci.l 
nr filkali and with those of Bunsen's lodoinetric method. . - „ t. j a • r 

J B Horrosbofif (Chem. News, xxiii. 29) has given a method for the deteminali™ 
of available chlorine in bleaching powder based upon the fact that when bl^hm. 

ItTe t^act upon an e^^s of stannovs chloM “trongly acul sd^ 
Kic chloride is formed at the expense of all the available chlonno of the bleadung 

Co(C10)Cl + 21IC1 + SnCl» - SnCB + CaCl» + H»0. 

The amount of stannous cblorido is .altcrwarfs estimated l>y ^ 

solution of potassium dicliromate, and deducted from tho amount originally emp ) 

3SnCl* + K*Cr*0’ + 14HC1 ■= SsSnCB + 2KC1 + Cr®Cl* + 7H*0. 

1 gram of bleaching powder U-itiiratod with water is nddoil to 20 
tltriitS solution of stannous chloride (30 gmms SnCl-' dis^lvod >" 12 c a of 

™. a,b4i. s“ 


(iinsatisiacLory, wu e — 

Uiat tho strength of the Un-solution is very TOmble. He gives the 
Mohr's method of estimation with arsenious acid 
tions urged hy Horrothoff against it, namely, that it is difficult to 
of the arsenious acid employed ; that the dissolution of this acid in sodiuSa ^n t 
takes a long time; and that tho solution thus formed docs not 
strength. Lunge, on the other hand, finds that the purity of any sample OTaW 
acid is easily tested hy sublimation ; if pure, it will sublime completely and Jr ^ 

fectly white sublimate (sulphides of arsenic, if present, would give^ tiie 8 
reddish tinge*); further that the arsenious acid dissolros very quicklvid^^^ 
sodium carbonate, if the proportions recommended by Mohr and by 
followed ; and lastly, that a solution of pure arsenious acid will * > 1 .-* . tlw 

unaltered for years. Lunge titrates it with iodine, and recommends 
arsenious add Ijo poured into the iodine-solution, . i.triid T% 

A. H. Massey (Chem, I^ewn, xxiv. 271) examined three samples 

Heireshoff’s method and by the arsenic method, and found tWt w% 
tiis Wo methods gave conoordn nt results. . , , . , ^ W 

AocOrdll^' to J- Smyth (iHd, 7«5) the milky solution of chlcncide of llWS^vjjijg 
well adapted for chlorimetry as a clear solution obtain^ by dissOlrl ng 
powd^ in an edkaline liquii* 1 0 grams of chloride of lime are added^ 

29 grams of sodium carbonate; the liquid is filtered from tho preoai 
(drbonato ; tho precipitate washed till the wash-water no longer bleach 
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the is diluted to a litre. The resulting solution is well adapted for chlorimcti^, 
and presents the further advantage of an easy estimation of the lime by precipitation 
with a titrated solution of sodium carbonate. 

In the method of chlorimetry depending on tlio oxidation of ferrous sulphate 
by a hypochlorite (i. 904), it has been ^ proposed to substitute nmmonio-ferroiis 
sulphate W the simple fbrrous sulphate, inasmncli as it is more easily obtained and 
kept in a perfectly de^nite state. According to 33. Biltz, however {Arch, Vharm. [2] 
exhd. 97)i the double salt docs not give exact results, because tbo chlorine acts oh 
the ammonia os well as on the ferrous salt, as is shown by the eA'olution of gus which 
takes place on adding the ammonia salt to chlorino water. The error thcnco ensuing, 
■which in the most favouisiblo case entails a loss of { p. c. of the chlorine iiresent, 
is not constant, but varies considerably according to the quantity of water added 
to the solution of the double salt. 

Q2&OSZT8a From a discussion of the publishod analyses of tlie sereriil 
varieties of chlorite, including pennine and clinochloro, Konugott {Jakrh, pr. Chem, ci. 
17) infers that tlicy may all , bo included under the general formula R0.H®0 + 
2(U0.Si0®), assuming that the group RO.SiO® may bo more or less replaced by 
A1*0*. 

A mineral called diabantachronnyii, whicJi gives the colour to the green diabases 
of the Vorgtlahd and the Frankciiwald, was examined by K. Licbo {Jdhrh/f, Mineralnpie, 
1870, i. ; Jahrb. 1870, 1307)f and regarded by him as a distinct species. Konugott, 
however (Jahrhuchf, Mineralogies 1871, 01) has shown from Licbo’s analyses, that it is 
R variety of chlorite. Seven analyses of carefully selected specimens of diabanta- 
chroriTiyn gave the following results 



SiO" 

APO* 

Fc-0“ 

MpO 

FcO 

IPO 

I 

30'27 

11-16 


21 ’22 

26-94 

10-20 

JI 

29-37 

1200 

— 

21-01 

25-63 

11-27 

Ill 

29-85 

0-07 





iv ! 

31-25 

10-03 


V m 9 



V 1 

31-69 

12-22 


B ^ H 

21-26 


VI 

31-38 

11-89 



22-72 


Vll. 

31-56 

12-08 

BSI 

Biyi 

21-61 



These numbers yield the following ratios : — 



I. 

n. 

.... 

IV. 

V, 

VI. 

VII. 

Silica . 

605 

4-89 

4-97 

6-21 

5-28 

5'23 

5-26 

Alumina 

1-08 

1-16 


0-97 

1-19 

1-15 

1-17 

Ferric oxide . 



— 

— 

0-22 

— 

— 

--- 

Magnesia . . j 

5-30 

5-25 

4*43 

4-93 

5-51 

5-73 

5-61 

Ferrous oxido 

3-74 

3-56 

3-60 

3-27 

295 

3-16 

3-00 

Water , 

6-67 

6-20 

8-78 

6-32 

6-93 

GOG 

6-54 


If now we resolve the alumina into AlO’^ And AlO, and odd these to the SiO” and 
HO respectively, the same being done in IV, with the ferric oxide, we have— 


1 

V i I. 

II. 

III. 

lY. 

V. 

VI. 

VII, 

■■■ 

SiO> + AlO* . 


6-13 

d-06 

5'85 

6:40 

6-47 

6-3 

6’43 

RO + AlO . . 

. 10-12 

9.97 

9*05 

9-39 

K£ii>a 


0-78 

auH) . . . . 

. 

2-83 

3-13 


8-16 

3-46 

123 

3-26 

Or, 
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SiO* + AlO* . 

. 

2-00 

2-00 


4-00 




RO + AlO 


3-30 



mMM 

3-98 



2H»0 . . . , 
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mSm 


1-60 
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These proportions agree for tlio most part with tho chlorite formula. The disparity 
ill III. of 1*60 instead of J(2lPO) doubtless arises from an error in analysis, tho 
exact estimation of tho water presenting considerable difficulty. 

CBKOROCOnXBB. See Codeine. 

CBKOROVOBM, CIICP.— This compound is formed by tho action of phosphorus 
pcntachlorido on iodoform : 

2CHI“ + 3PCP = 2CHC1> + 3P + aPCl". 


There is also formed a very small quantity of a liquid containing a large proportion 
of iodine, and decomposing quickly, with rise of temperature, on exposure to the air 
(Gautier, Hull. Soo. Chim. | 2j xiii. 127). The action of phosphorus peiitachlorido on 
iodoform was iirst studied by Scrullas, who obtained un iodised product, regarded by 
Iliitlerow as mcthj'lcno iodide (^HT- (iii. 311, 1006). 

According to Ilclohoiibek {Ann, Clu clxx'. 249), pwrr methyl alcohol, obtaineil 

from tho crj-sfallinc oxalate, docs not yield chloroform w hen treated with bleaching 
powder and water. Neither is chloroform obtained by treating acetic acid with aqueous 
bleaching ^lowder. Now Liebcu lias shown that pure methyl alcohol and acetic acid 
yield no iodoform, although ethyl alcohol, uldehydo, and acetono do yield that com- 
pound under tho influence of certain reagents. Probably, thoreforo, bodies which do 
not yield iodoform arc likewise incapable of producing chloroform. Tho formation of 
chloroform by healing rfry acetates with bleaching ixiwdcr, is probably duo to tho 
acetono formed in tho first instance. 

Chloroform heated with bromine to 200° for six or eight hours yields a product from 
which, by fractional distillation, bromotrichloromethane "ClirCP is obuined, 
togotlier with u small quantity of a liquid of higher boiling point, probably CBr^CF, 
(Patorno, Gmcetla chiiuioa italiana, i. 693. — Pricdel a. Silva Hull, Soc. Chim. [2] 
xi'ii. 537). Tho compound CBrCl* is a mobile colourless liquid becoming coloui'ed on 
ox}N)suro to light. It has a pleasant ethereal odour, dissolves in alcohol and ether, 
boils at 104*3° under a pressure of 7D7*9 m.m. (Paterno) ; at 103°-104° under a pres- 
sure of 752 m.rn. (F. and S.) Its specific gravity is 2*063 at 0°, 2*016 at 25°. Wh^n 
it is mixed with ether and acted upon by sodiiiiu, its clilorinc and bromine are slovly 
ulUickcd ; sodium alone does not act upon it even when heuted, but potassium proilucc:* 
a violent explosion (F. and tS.). 

Oliloroform heated to 160° for throe hours wdth 3 jiarts bromine and 1 p.irt iodine in 
scaled tubes, which are opened occasionally to allow* uscapo of gas, yields a liquid from 
which by fractional distillation are obtained tri bromochlo roni ethane CBr*Cl, 
melting at 70° and tctrachloromethaiie or carbon tetrachloride, melting at 
76° (Bolas al Groves, Chem, ISvc, J. [2] ix. 779). 

In like manner when chlorofonn is heatwl to 1G0°-^170° in a scaled tube with 
iodine ntonocJdoride, totraehloromcthaue is obtained, together with a small quantity of 
trichloro-iodomothanc, tho latter being doubtless the first 2>roduct, and being 
converted into tho former by tho further action of tho iodino monochloride r 


cncp -f ClI = HCl + CCPI 
ttntl CCPI + ClI « 12 + eCl* 

(Fricdcl a. Silva, loc. cit) 

^ Chlorofoi'm may he converted into cliloropi crin , C(N02)C1*, by heating 7 wl. of 
It with 16 Tol. hydrogen nitrate (IINO*), containing much nitrogen tetroxide, in sealed 
tubes to 90°-100° for 120 hours. The digesting tubes sliould bo at un angle of about 
30° with toe bottom of tlio bath, ns a moro nearly horizontal position is found to 
involve the destruction of any nitro-compound that may be formed, while an np- 
rjght position causes the reaction to proceed very slowly. When tho digost^ou 
18 ended, the apparent volume of tho chloroform is much greater than before o® 
ac^nt of the liquefied gases, especially nitrogen tetroxidc, which it now holdg in 
solution, .^e tubes arc best npniiod by means of a flame, and allowed to stood abont 
12 hours; their contents uro then poured into water (with which they 
and aw afterwards dried^ oyer calcium chloride and fractionally distills. ■ ; 

la too course of tho distillation, much chloroform comes over first, and is'iWilbii^ 
by a rory^ small quantity of cliloropicrin. 

Pure ni^c acid not containing nitrogen tetroxido attacks chloroform idto 
gj^te^diffieultyand it is very doubtful whether auy cliloropicrin is 
obwry^on. t^en iii connection with tho fact that chloroform ' 

tetroxido much moro readily than nitric acid docs, raises a feir 
let^ide is the actual agent of nitration (E. J. Mills, Chem, Spo. j: [2] St = 

Jkteetifm of Cldoroform, — To detect small quantities of chlorofonh>,> 
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m-eaenca of otberoal compounds closely <illied to it, and possessing similar properties, 
^Ivantsgo may be taken of its bohaTiour with the numainines in presence of alcohol 
and sodium hydrate. The odour of iaonitrils thereby produced is an infallible sign 
of the presence of chloroform. _ The experiment is performed by adding tho liquid to 
bo tested bo a mixture of aniline — any other primary moiiamino, fatty or aromatic, 
sfTVCs equally well — and alcoholic soda. If chloroform is present, a violent reaction 
t-ikes place, either immediately or on warming gently, and tlio peculiar-smelling vapour 
of tho isonitril is evolved. Uromoform and ic^ioforni, of course, behave like chloro- 
form : the reaction occurs, moreover, with all bodies capable of yielding chloroform, 
bromoforin, or iodoform by the action of alkalis. For example, on adding a solution 
of i’lilor<al in aniline to alcoholic potash, tho vapour of an isonitril is immediately 
evolved in abundance. ChlorethylMene treated with alcoholic potash and nuiliiio, yields 
no isonitril, and is therefore easily distinguished from chlornforni. Tho reliction 
hore recoiiimondod is so delicate, that one part of chloroform dissolved in 5,000 to 
6,000 parts of alcohol may bo detected by it with certainty (A. W. Ilofmann, DeiU, 
Ckeni. Ges. Her. iii. 769). 

On tlio detection of nlcoliol in chloroform, soe Ethvl Alcohol. 

CBKOXOPBTXiXi- Ahsorptio n-sp ectr um . — In tho s pectrum of light tran smi t ted 
through a concentrated solution of cliloropliyll, .all tho light is absorbed, except tho 
lojist refrangible red, near tho lino B. On gradually diluting the solution, the green 
first makes its appearance, then the 5 *ellow, tho orange, and part of tho rod, forming a 
very characteristic spectrum containing -I. a bnjad tlnrk band close, behind B, which is 
darkest between B andC ; II. a second absorption-band in the orange between 0 and I) ; 
HI. a third a little behind I) : and a fourth, IV. in tho gi'cen close before E. Of 
lliusu bands, I. is by far-the darkest, making its appearance even in very dilute solu- 
tioiis, wJiiLst II. III. and IV. gradually diminish in intensity. Tho whole of the moro 
vtifrangilde portion of tho spectrum is also absorbed, but just before G tho absorption 
is somowluit weaker, increasing agiiiii behind G ; and in tho green behind 5, is a band 
V. which docs not appear in fresh solutions of loaf-green, but only iu those which 
have been inodiliod by the action of light. 

When a solut ion of chlorophyll is illuminated by a pure siin-spoctram, the red 
fiuoruscent light is seen over all tho spectrum with tho exception of tho extreme 
rad, beginning just before B, and extending with varying intensity to the ultra-violet. 
Til this sjjccti’iim seven bright bauds may bo observed : tho first between B and C ; 
tlie second Ijctwccn 0 and I), rather nearer to I) ; the third close behind D ; the fourth 
imniediatcly before E ; tbcfiAh, whidi is seen only intlic modified solution, behind 5; 
and tlio sixth and sev’enlh, beginning behind F, cover the rest of the spectrum. Of 
these, the first, between B and 0, and the sixth and seventh are tha brightest. Theso 
bright fluorescent bands correspond both in position and intensity with tho dark 
absorption-bands, showing the intimate relation between fliioresconco and absorption. 
Tho red fluorescent light, when concentrated and examined spectrally,* is found to 
oousist entirely of red rays corresponding in refrangibility with those between 
B and C. 

The absorptiou-spcctram of solid chlorophyll has a great resemblance to tiftt of the 
solution, a thick layer of green loaves absorbing all tho rays of tho spectrum from B 
to the violet end. A thinner layer shows a dark band beginning boforo B and reach- 
ing to behind C ; it transmits tho red, orange, yellow, and green light between G and 
K ; just behind E tho spectrum begins to darken, and from the middle point between 
1' and G it is opaque. Tho dark bands IL III. and IW of the solution do not appear, 
powerful absorption only being found in the violet, and in the red between B and 0. 
As solid chlorophyll does not exhibit the phenomienon of fluorescence, the red rays 
between B and C can only be indirectly absorbed (Lommel, Pogy, Ann, cxl. iii. 568). 

Modification of Chlorophyll by Light, o. — ^It has long been known ^at a 
cliloropliyll solution when exposed to light becomes changed in colour, wd Stokes (fom, 
•^nn. Erg, iv. 128) has found that thi^ chlorophyll, precipitated from its alcoholic solu- 
tion and again dissolved in ether, undergoes no former change when exposed to diflUsed 
hgbt. This modified chlorophyll has a somewhat difibrent epectrum from thefiresb, the 
dark band HI. being lighter and dieplaced towards the more refrangible end of the 
H]>ectrum, whilst there is a bright band between h and F, so that, in the modified 
ciiluropbyll, tliero are five dark bands between a and F, whilst in the fresh there are 
only four. In order to investigate this change mm.thoroughly, Gorland {P^g* Asm. 
(xliii, 585) has examined the absorption-s^tra of various chloroj^ll aolntiplis, both 
prior to exposure, and at intervals aimng insolation. 

1 ^‘Alfohol.ic Solution of freeh (7A/oiwpAy[i.~^Tbis solution; which was slfii^ly so 
^Jcoholic extract of . tho leaves of Urtioa dimbs, previously boiled in water, sho^m &e 
o*uia HI. very distinctly and stronger than IV, which was very feeble. Expo^ : to . 
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Buulislit it had perceptibly climiged colour in five minutes, in ten it was olive green, 
in fifteen brown, and after the lapse ol an hour it had bcwme bright yellow,^ and no 
longer showed any signs of fluorescence. During this change the absoiption-bands 
gradually becamo more indistinct, and disappeared in their order, I. being the most 
stable ; eight days’ insolation rendered it almost colourless in thin layers, bat iu 
thicker layers it appeared of a brownish yelloAV, and gave the same absorption-Bpectruni 
as Klhol’* yellow Chh,i. Vhy>. [4] xiv.). Ihe sime change twk place » 

(liffijseil light, but more slowly. The alcoholic solution ot the leaves of Z/rfwtt dto«ca 
which had been previously treated with cold water, as also that prepared from 
Sambucus nigra, which hod been boiled with water, gave the same spectrum, although 
Uio solutions differed sliglitly in colour. 

2. Alcoholic Solution of hulf-modified Chl&rophJ,L — A solution which had been 
prepared from the leaves of Brassica oUracca in December 1870, and exposed to n 
diffusod light for about two months, gave a spectrum between that of fresh and that of 
modified cliloropliyll. Its colour was brownisli-groon, and gave the dark band III. but 
weakly, whilst V. was scarcely distinguisliable. Exposed to insolation, it gradually 
fadetl, but more slowly than the freshly prepired solution ; for oven after being 
exposed to sunshine for eight hours, and to daylight during several days, it still showed 
all the dark bands except III., but much more faintly than before. After another 
eight hours’ sunshine ami sovorul da3'S more of diffused light, I. was still very faintly 
visible, and oven wdion itw'as submitted toinsobition for six hours more, a considcrablo 
thickness of the solution showed traces of the baud I. A solution, prepared iu 186e, 
and kept in the dark for oj years, gave the same results. 

3. Completely inodijied Chlorophyll —Hn ethereal solution of modified chlopopliyll 
b:.;coines faded, but vciy slowly ; after 42 hours* insolation, a stratum of the solution 
li) m.m. thick had the same colour as one of the original solution 2*6 m.m. thick, but 
all the iMinds wore visible, and even after forty days* exposure to light, I. was still 
faintly visible, and the solution distinctly fluorescent. Au alcoholic solution bohaTed 
in tlio same way, but the change took place much moro rapidly. 

4. Etltcreal Solution of Fresh Chlorophyll,— T\\\» was obtained from Urtica duhea m 
a similar manner to the alcoholic solution, and had the same spectrum, but the bands, 
with the exception of I. being darker, rendered it more cliaracteristic. Imposed to 
the sun’s rays, it faded much more slowly than the corresponding alcoholic solution, 
being only slightly changed. After one and a-lialf hour’s action, and although it now 
showed the bright band of modified chlorophyll, the dark band IU. was not displaced. 
The latter, however, was much broader, so that it occupied tlio space covered by tho 
dark bands both in modified and in fresh chlorophyll. On continuing the insolatioti, 
a moro rapid diange took place, tho colour became browner, and after a timo III. 
disappeared, giving the spectrum of the incompletely modified chlorophyll. 

d. Solid Chlorophyll, precipitated on paper from its alcoholic or ethereal solution, 
fades completely and rapidly in sunlight, but more slowly in diffusod daylight. Ike 
chloropliyll cells in a leaf of Samhuetts nigra, from which tho epidermis had oeou 
removed, became colourless on exposure to suzJight. 

6. Ethereal Solution of Frhny's Bhylloxanihin (Is^ Suppl, 443), when submitted to 
insolation, behaved precisely like modified dilorophyll. 

7. Alcoholic Solution of FithoCa Green (Ann. 6kim. Phya. [4] xiv.)^ became eo®' 
pletely faded by long-continued insolation, showing no trace of absorption or 
ceuco. When tho solution is evaporated, it loaves a colourless waxy substWM® innc® 
froths with sulphuric acid, but not with hydrochloric add or nitric acid. This gw®n 
behaves in tho same manner whetlier preparod'from dried op from frmsb leaves. , 

As tho chlorophyll in plants is evolved from a yellow colouring snbstance, so dOfl? 
it again become yellow on fading, and therefore it is possiblo that the yellow 
which is loft in autumn leaves, may bo faded chlorophyll. 


$. — Hitherto no distinction has been made between modified and faded chlcdifJ*! » 
so that tho theories respecting its fading and decolor isation are very contradjdfy^ , 
Jodin (Compt. rend. fix. 850) found that an alcoholic solution of chloi^^W*?: 


Jodin (Compt. rend. fix. 850) found that an alcoholic solution of chlopq^^W®Jf* 
to sunlight absorbed oxygon, whilst Timiriaseff (Botan. Zeit.^ xxvii. 
fading to be a process of reduction. Tho latter view appears to be bowie 
observation made by Itanwenhoff and Gerland, that in one instance thia» 
of aldehyde in tlie alcoholic solution from which modified ‘chlorophyll 
cipitated. Gerland has since frequently repeated this experiment, but 
bMD able to detect aldehyde, and has therefore endeavoured to settle 
insolating two exactly similar test-tubes of chlorophyll solution 
oxygon or ozonifled air was passed, but it Aided with nearly equal , 



CHLOROPHYLL. 327 

Jis neither the ether nor the nlcohol employed as solvent undergoes any change when 
the chlorophyll fades, if the fading is due to oxidation, the oxygen must ho taken from 
the air or from that dissolved in the alcohol. When strongly ozouified air was passed 
into a boiled alcoholic solution of chlorophyll standing over mercury, a small quantity 
of gas was at first absorbed, and the solution became somewliat darker, but after that 
no further absorption took place. The presence of oxygen is necessary, however, to 
start the action, for both tho alcoholic and ethereal solutions which had been sealed 
up in glass tubes from which tho air had been expelled by boiling the liquid, could bo 
exposed to tho sun’s rays without undcigoing any change, but directly tho air was. 
luhniltod and they wore submitted to insolation, tlio colour of tlio solutions began to 
fiiile. It would Bocm, thoroforo, that both oxygen and light are necessary to produce 
cliomical change iti chlorophyll, so that when the solution is exposed to light and air. 
oxygon first combines with the clilorophyll which begins to bo modified, and then, if 
the insolation bo continued, it fades, but if it is exposed only to a feeble light, the 
oxidation at fir-st set up continues and the chlorophyll becomes modified. 

JII. — Ah tho dark bands disappear when chlorophyll fades and becomes decolorised, 
it Boems probable that tho rays absorbed by the solution are employed in producing 
chemical action. To test tlic accuracy of this view, a chlorophyll solution was first 
submitted to the action of Iho rays of different parts of the six)ctrnm, but no satisfac- 
tory result "was obtained. Sack \liimdbuch Tlxpcr. Pkys, Pfianz,) hail observed that 
'when a chlorophyll solution is exposed to light which has previously passed through 
another stratnui of tho same fluid, it does not begin to fade until the other is much 
changed. Gcrland, on repeating tho experiment, found that when tho protected or test 
polufciou began to fade, tho hand I. in tho spectrum of the protecting solution Inid 
ht-como foggy and iiulistirn t, whilst the dark bauds II. and ill. Inul completely 
v.Liiisliod. As therefore light of a refrangibility corresponding with tho dark bands 11., 
III., IV. and V. hiid produced no effect upon the test-solution, it could only be tho pays 
of the same refrangibility as I., and tho blue, that caused the solution to fade. When 
the protecting solution was a eonccutratod ctlierenl solution of modified chlorophyll, 
lio cliango took place in the test-solution oven after several days' insolation. On 
c.vnTiiining this protecting solution spectroscopically, tlie band I. was seen to be quito 
bluck, -whilst tho red and yellow rays on each side of it were freely transmitted. From 
the results of this series of experiments, it seemed that tho obscure heat-rays took no 
P'lrt in causing tho chlorophyll to fade, and in order to confirm this, a solution of 
ehloropliyll was exposed to bnght sunshine from which tlio heat-rays liad been 
(.xcludt^d by passing it through a stratum of water 130 *mm. thick. The colour of tho 
solution, however, faded ns quickly as that of one exposed to tho direct raySof the sun. 
In oriler to nseortain whether it was the red rays corresponding with the band I, or the 
blue and violet from G to II, or both of tlicso, which caused tho change, solutions of 
chlorophyll wero cxpo.scd behind rod glasses (coloured with copper oxide), and an 
.'irainoniacal solution of copper sulphate respectively. Tho colour of tho solution 
slowly faded in both cases ; but on exposing the solution to tho light transmitted 
t liroiigli green glasses (consisting of tho green and a few yellow and blue rays) no 
riiHngc took place : hence it is inferred that chlorophyll fades only when exposed to 
light of the .same refrangibility as that which it absorbs. 

It has boon shown by Filliol that diloropliyll is composed of two substances, one 
green the other yellow, which may bo separated from one another by filtration through 
animal charcoal or by the action of oxalic or tartaric acid (lff< SuppL^ 444). This 
result has been Confirmed by Gorlaud a. BauwenhoiF {Pogg, Ann. cxliii. 231), who 
find however, in accordance with Schdnn and other observers, that these two colouring 
matters aro^ not the phylloxanthin and phyllocyanin described by Fr4my; the 
phylloxanthiu of this chemist appears indeed to bo nothing but- modified chlorophyll. 
Neither are the substances in question identical with the yellow and green colouring 
matters whicli Kromayor obtained by treating chlorophyll with alcoholic potash 
(Jahresber. 1861, 738). Neither these two substances nor those obtained by IWmy 
are capable of reproducing chlorophyll by their union. 

In loaves which become yellow, the chlorophyll disappears either by being absorbed, 
converted into the yellow compound (Gerland a. Rauweuiiofif). 

J. Ghautard (Compt. rend. Ixxv. 1836) observes that tho dark band in the red of the 
ciuyrophyll spectrum is very persietent even under great dilation. The spectrum is 
considernbly altered by adding hydrochlorie acid to the solution, but the band in the 
rea IS still seen even after great dilution. An alcoholic solution prepared from dried 
eavos SiycB a spectrum like tliat of tho acidified solution of fresh leaves* The solution 
1 V is also rapidly changed by exposure to sunshine, and mow slowly 

>y aiffiised light, so as to give a spectrum like that of acidified chlorophyll. Other: 
matters do not mask the presence of chlorophyll; and metallic salts dp pot 
Its spectrum before precipitation takes place. 
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An alcoholic solution of chloropliyll mixed with a few drops of solution of eausLio 
potash or ammonia is very littlo changed. But by boiling^ with solution of caustio 
potash, tho characteristic absorption-band in the rofl is divided into two, whilst th 0 
rest of the chlorophyll bands disappear almost entirely. These two bands Munite on 
acidifying the liquid with acetic acid, and may be again separated by adding ammonia 
(Chautam, ihid. Ixxvi. 570). 

According to F. A. Hartsonn (Ctoi. Cmtr, 1872, 624), chlorophyll in the leaves of 
phints is generally accompanied by a j-cllow crystalline body. This substance, called 
v?irysophyU, and perhaps identical with Frfimy’s pkylloxanthin, is obtained, (togethep 
with chlorophyll) in small crystals, having a gold-yollow colour, by treating thelenvew, 
previously freed from water by moans of alcohol, with ethereal alcohol, pouring off 
tho liquid after 24 liours’ standing, and allowing it to evaporate spontaneously. Tho 
residue while still moist is treated with petroleum or boiling caustic potash, which 
dissolves only tho chlorophyll, and the remaining chrj'sophyll is recrystallised from 
other. 

Tho green mass obtained by evaporation of the ethereal extract from leaves, yields 
with hydrochloric acid, a greenish solution, from which, on addition of water, a black 
substance called mdanophyll is precipitated. 

Chlorophyll is carried down from its solution together with many procipitatos, ns 
baniim sulphate, calcium oxalate, silver chloride, &e. 

CBZiOSOPZGftnry C(NO^)CP. Trichloronitromethane, — This substance may 
be pivpared by direct nitration of chloroform wdth strong nitric acid (Mills, p. 321). 
Cossji {Gazzetta chimica italiana^ ii. 181) follows the same i»rocess, with addition of 
oil of vitriol. 

In prepiring chloi-opicrin by tho action of calcium hypochlorite on picric acid 
(Htonhouse’s method, i. 1?23), Cossa recommends that tho mixture of picric acid with 
perfectly fresh and dry calcium hypochlorite, be passed through a sieve to retain any 
lumps, which often cause explosion. The best temperature for the reaction is do®. 
The diloropicrin I bus obtained boils at 112-8", at 743 mm. pressure, and distils 
without decomposition. When it is suddenly heated at a temperature above its 
■ boiliug point, and the vapour, is passed through a red-hot tube, it decomposes without 
explosion, as is also the case when sodium or potassium is fused in it. Chloropicrin 
readily dissolves iodine, tho colour of tho solution being deeper than that of iodine in , 
chloroform. It also dissolves cinnamic and benzoic acid, rosins, and most substances ’ 
rich in carbon, including that modification of dinitronaphthaleno which is difficultly 
soluble in alcohol. It is niisciblo in nil proportions with benzene, amyl alcohol, 
carbon sulphide, and absolute alcohol. At 11 °, 1 vol. of 80'6p. c. alcohol dissolves 
3*7 vols., and 1 vol. 78 p. c. alcohol 1*3 vol. chloropicrin ; 1 vol. otlior dissolves only 
0*3 vol. '' 

The reaction which takes place when ammonium sulphide is added to diloropicrin, 
or when^ hydrogen sulphide is j^assed into a solution of chloropicrin in ammoDiacnl 
alcohol, IS very energetic, and afiR^nls the best means of detecting small quantities of 
chloropicrin in very dilute alcoholic solution. Tho liquid becomes hot, a deep red 
colour IS produced, sulphur is set free, and much ammonium chloride formed, 
Chloropicrin has a more violent action on tho respiratory mucous membrane than 
either chlorine or nitrous fumes, causing suffocation and spitting of blood. 

® ® ® This substance is contained in the grease of sheep's 
wcml. F. Hartmann (/aa«y. Gottingen, 1868) by boiling tho grease with alcoholic 


which exhibited the i-eactions of cholcsterin, but differed considerably fhnn it in 
appearance, melting point, and composition. Hartmann regarded these ciystals as a 
mixture of cholostorin with unaltered cholesterylic ethers. By hoating^em with 

aS mdLiTuaT ^ ^ 

iiM confirmed by E. Schulze (ZeifacAr. /. Chem. [ 2 ] n. 

cholostorin m the pure state. 120 grams of the woobgraaso 
hours with potash-solution in a porcelain dish, common salt than 
added, and tho boihng continued for lialf-an-hour longer. After codling, the aemifl^ 

fat was separated from the liquid, iLl «faed 
This iiasaponified fa^ amountii« 

in onginal 8r®|“8> '•'as heated with alcoholic potash for 20 hoiuS'to i#J* , 

po;i^,out: the alcohol «Ts*r^| 


T i 'v 1 wen poured out ; the alcohol eva|icWP»W 

dissolved out of the residue by water ; and the 
water and agitated in a glass cylinder with 
ether^ lam, when left to evaporate, yieided a faintly yellow fatty substanc«t* 1 ^^.- ; 
ooQce^rated solution of which in hot other solidiflod on coaling to a : 



OHOLBSTERIN. 


329 


Jiaped cr}'stal6i And a solution of the same in hot alcohol deposited on cooling a con- 
siderable quantity of crystalline lamiiuB and white flocks. 

Tho substance thus obtained is a mixture of cholestorin with one or two substances 
coiiUiiningr less carbon and melting at lower temperatures ; by fractional crystaHisatiou 
from otiier-alcohol it yields pure cholesterin in thin shiniug plates, liaving exactly 
the appearance and composition of cholesterin from gall-stones, exhibiting similar 
reactions, and melting at 144‘5®. On triturating it with a little concentrated svlphurio 
acid and then adding cldoroformt a blooil-red solution is formed, which, on addition of 
strong nitric acid, becomes violet, blue, and afterwards colourless. On triturating it 
with tt drop of a mixture of 3 vol. strong hydrocMorie luM and 1 vol. solution of 
ferric ckloride, and slowly evaporating to dryness, tho particles whicli have remained 
midissolvcd assume a violet-red colour, changing to blue. A small portion of tho 
crystals treated with a drop of strong nitric add and slowly evaporated, leaves a 
yt'llow spot turned red by ammonia (compare Ist Sujjpl. 447). 

Tho reaction of cholesterin witli sulphuric acid is best exhibited by dissolving a few 
ccMtigruins of cholesterin in about 2 c. c. of chloroform, and then shaking it witli its 
own bulk of strong sulphuric acid. The choluroform quickly becomes blood-red, and 
theu cherrj'-red or purple, a colour which it retains for several days. A few di’ops 
ix)\iied into a basin become blue, green, and then yellow. This change seems to ho due 
to ti'Jices of moisture, and tho original colour may be restored by sulphuric acid. The 
sulphiu’ic acid under tho chlorofonn presents a distinct green fluorescence. When 
ilioppod into glacial acetic acid, the liquid, in about half an hour, becomes violet, or, 
if iiiucli diluted, rosc-colonrcd, with a green fluorescence, and exhibits such a resem- 
blance to the liquid obbiined by diluting Pettenkofer s te.sL lor bilo-aeiils with glacial 
actic acid, tlmt it is often impossible to distinguish between them. The spectra they 
present are also very much alike, hut the spoctmra of each is somewhat variable. That 
ni'tlw ckolosterin solution indicates that it consists of two substaneos, whoso propor- 
tions vary. Water takes up from the chloroform solution a sulpho-acid, which forms 
frysU'ilHsablo salts with barium. Tho reaction of chlorestorin with siilidiuric acid is 
{flight ly modified when only truces of cholesterin ore prc.sont, audit is best in that 
i-nBo to dissolve a few granules in 1 c. c. of chlorofonn, and warm gently with an equal 
volume of sulphuric acid, occasionally shaking. Tho chloroform qiiickly acquires a 
rose or violet colour. Tho sulphuric acid becomes lomon-yellow% witli a distinct green 
reflection. By dilution with glacial acetic acid, a liquid is obtained of a faint ‘rod 
colour, with green fluorescence (E. Salkowski, I^uger^s ArcUv f. Jt*kydologie, ti. 207). 

Cholesterin, boiled for twelve liours with sulphuric acid and potassium dichromate^ 
becomes oxidised, yielding a white amorphous acid product having the composition of 
oxyeliolic acid C”IP“0®, together with small quantities of several of the lower 
terms of the fatty acid scries, probably acetic, propionic, and butyric. Oxycholic acid 
it> not affected by sodium-amalgam in alkaline solution, and is but slowly oxidised by 
fusion witJi potassium hydmto, yielding only secondary products of decomposition, 
viz., inflammable gases, a brown fatty substance, and some of tho lower fatty acids 
(b. Henry, Jkut, Ohm. Gee, Bar, v. 569). 

Ghdesieryl aoetaie, C*«H**.C*IPO*, is produced by treating cholesterin with acetyl 
chloride ; it crystallises in small colourless noodles, molting at 92^ (Henry) ; compare 
hf Suppl. 448. 

Cholcstef^laminCt C**H<*.NH*. — The chloride obtained by the action of phosphorus 
I)iu>Uclilorido on cholesterin is readily converted into this compound by digestion with 
ulcuholic ammonia. It crystallises in small plates molting at 104° (Henry), 

Tho following cholesterin derivatives are now known : — 


C«H«ONa , 
C“*H«0C*H*0 

C“H«.NH* . 


Cholesterin, 

Sodium cholesteiylato. 
Aeetyl-cholesteiyl. 
Cholesteryl chloride, 
Cholosterylamino. 


Cholesterin treated with phowhorut iricMoride yields neutral t , 

vhich are difficult to purify, and resemble the so-oallcd mydin (wirup-Beeanes, Amt, 
t'kPAflm. civil. 284). 

The substance above mentioned as obtained together with cholestorin, by the 
'^ponifleation of wool-grease, epnsists diiefly of an isomoride of cholesterin. which 
^’parates firom alcohol m white flocks. The/ portion of wool-grease which does not 
ussolvo in alooW consists of ethers of ch^esterin and isocholesterin ; the portion 
Mublo i** 


D in alcohol contains free cholesterin, and 
fatty ethers of. both th^e aleobols (Schulae), 
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OBOILIC AGZD. (Bfiumstark, DeuL Chem, Ges, Ber, y, 1185 * 

This acid is diatomic and moiioliasic. t^o of its liydrogen-atomh being 
alcoliobradicles, but only one by mebds. - *- ■ 

Ethyl cholate, C-W»(C-IP)0\ is prepared by jessing hydrochloric addjftas inta^ 
solution of cholic acid in ethyl nlcoliol. procipitating inth water, heatinff the precipb 
tate with solution of sotlium carbonate, and dissolving the portion not tiiCTcby 
up, in other. On evaporating Uio ether, ethyl cholate remains as a soft unctfei^ 
mass, which, when placed over sulphuric acid and frequently stirMd* dries up 
resin roseinbling colophony. Li^^’PP^^-Seylor {J. pr. 6'Aew. linxix. 272) do^ibes botK: 
ethyl and iiiotlivl cholate as well crystallised compounds.] It is lusolublo lu water, 
very soluble in'alcoliol and in other. Caustic alkalis iii tJio cold, and ^kaline w 
bonates with the aid of licut. do not extract from it anything prwipi^tablo byj^g . 
but wlion heated witli caustic soda to 120® in a tube, it yields sodium cholate and^ethyl 

It^ has not boon found possible to prepare a diothylic cholato by hea&Dg tho 
monelhylic ether, or the acid itself, with ethyl chloride. , 

EthyUlii nzoyl Cholate, C-’'IP«(CnP)(C'lPO)0^ is produced by heating ethyl c^to 
with benzoyl chloride iu a flask with rovcrsotl condenser; and may be purified Jntha 
samo wayas the pivcc<liiig ether, oxceiiting that it must be heated for some taiBio to 
130® toroiiiovo adlioring benzoic acid. It is a resinous mass, insoluble in water, esisily 
soluble ill alcohol and in ether, i-esolved by heating with alkalis into benzbid wid 
and ethyl alcohol. 

Chdamide, is formed by heating ethyl cholato with alcoholic ammonia 

to 1 20® (according to Iloppe-Soyler the product consists of ammonium cholate). Prepared 
in this way, or by heating ammonium cholate in an oil-bath as long as water continues 
to escape, it is a yellowish resinous mass, insolublo in water, moderately soluble ip 
acids, easily in alcohol and ether, decomposing at high temperatures* 

Products of Decomposition of CMic .4ciV7.— This acid, subjectod tagraduod oxidatim, 
yields a condensed acid which* appears to contain not loss than 96 atoms of carbon, and 
is, perhaps, the acid which has been described as choloidic acid. 

By dry distUlaiion cholic acid yields a small quantity of a substance exhibiting tho 
properties of phenol. ^ . 

Choliites distilled w'ith oxcc.ss of a/kali yield volatile products passing over from 
150® to 280®, and all exhibiting Pettonkofer’s bile reaction witli sugar nnd sulphuric 
acid. , 

According to Goriip-Bosanez {^Ann, Ch. Phami, clvii. 282) cholic acid melted 
potassium hydrate, yields acetic and propionic acids, together witli a brown inioniblo 
substance exhibiting the characters of dyslysin. > 

Deactions with Pho^horoits Chloride , — ^Whon powdered cholic acid isi djgljjp ^ y 
pliosphorous chloride, much hydrochloric ocid is evolved, and a thickish liqttidi||^tainea, 
from wliich water precipitates a white resinous mass. When heated Wit&; Water to 
Tioiling, this mass molts and forms on cooling an easily pulverisable Ittmp, whibh may 
be purified by boiling it with successive portions of water till the -water^ nO: longer 
acquires an acid reaction, dissolving it in warm sodium carbonate, and pirodpitol^^ 
with hydrochloric acid, repeating this several times, and finally digesting it with dher, 
Tho piquet is a peculiar acid containing phosphorus; when dry it presents tho. 
mice of a fine dusty white powder, and, on microscopic examination, is 
of highly refracting granules without any trace of crystals. It has a 
taste, no smell, is insoluble in water either cold or boiling, solublo in alcohw 
rofurm, sparingly soluble in ether. When heated on platinum fdil, it meltSf 
brown, takes fire and burns with a greenish fiame and emission of thick white 
leaving a cinder which burns with difficulty and has a strong acid zoactidn diie 
presence of phosphoric acid. It gives Pettenkofer’s reaction with sugar and eiuA^^^ 
acid. ^ 

Tho numbers obtained from nnal 3 ’se 6 of different portions of tho acid neMWWj^^L 
spond with tho empirical formula C’'*1I*“P=0*\ If this formula were 
action might bo — 

3C*<H«0» + 2rCl* =5 + 6HC1. ^ 

There is, however, no guarantee for tho purity of the acid, as neitheif it 
can bo obtained in tlie crystalline state. The probable fonnatidn of thisP'^ 
union of throe moleculos of cliolic acid is extremely interesting when^iff" 
connection with t-ho very high molecular weight by which all the cenr^'* 
and nerve at present known* are distJn^shed. It would appear that t 
of tri> or quinquivalent phosphorus, several molecules of n(Ai«>phorl$ed I 
unite to form a condense molecule containing phosphoirai(;| 
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OMftXinii C^H^NO’^. This haso is formoi], tagoUicr >¥1111 niiirgaramido, gl^cero- 
ohdsphoric acid, and small quantities of oleic an<l margaric acids, when locithino is 
Ufwor a moutli in contact with an equal weight of aminonia (GoLley, CompU rend. 
Its. 1207^ 


GSONmUCIBWf 07 CBOlTBBOOflir* Tissues yielding choiidrin when boiled 
water liiivc been found in the Brachiopoda, Holoihurid(e, and Tauicata. The 
hiahtles of animals of the Inst-ii.'imed class, wlien boiled for some time in a Papin's 
digester, yield an opalescent solution which, however, does not gelatiiiiso. It is 
precipitated by acetic acid, the precipitate being insoluble in excess; also by lead- 
acetato, basic and neutJal, and gives a bulky precipitate with alum. TJio resicluo left 
on evaporating tho aqueous solution, after treatment witli dilute hydrooliluric acid 
and washing with alcohol and water, gives by analysis 14‘99 p.o. nitrogen, which agrees 
nearly with the quantity found in chondrin by MuJdur and Schcror (Schiifer, Ann, 
Ck Vhann, clx. 330). 


080VBR0BXTS. See Humite. 


C8BOMX IBOB-iOSB. On the analysis of thismiuoral, see Chem, I^cws, xxiii, 
284 ; xxiv. 304; Chem. Soc. J. [2] ix. 177). 


CBBOMZmE. In tho preparation of this metal by Wohler's method of reducing 
chromic cliloride with zinc {Ut Suppl. 910), E. Zettiiow (Poffff. Ann. exliii. 477) uses 
iiM a flux, instead of the mixed chlorides of ^xjtassium and soiHum recommended by 
Wohler, a double chloride of chromium and potassium. Ho forms this double salt 
hiom rod potassium chromate, by reducing it with liydrocliloric acid, in presence of 
jilcoiiol, Jind adding chloride of potassium to the boiling liquid, whicli is then evajH)- 
ratod to dryness. The residue, after Ixsing carefully dried, is mixed with finely gnnin- 
latud zinc, uud this mixture is introduced by succoBsix'o portions into a red-hot Hessian 
cnicible, in which, after tho last portion has been added, it is heated for half to three- 
quarters of an hour, and then allowed to cool slowly. The soluble salts are dissolved 
out by water, the zinc by dilate nitric acid. 


Chromlam Trtozldea Chromic Anhydride, CrO^. — For the preparation of 
this compound in the pure state, tho following process is rocommonded by Zettriow 
{Pogff. Ann, exliii. 474) a.s the easiest and most economical : — 

300 grams of pulverised commercial jwtassium dicliromato are warmed w'itli 600 
c. c. of water and 420 c. c. of siilpliuric acid, until dissolved ; and tho solution is left 
4 rest for 10-12 hours, in which time tho aciil potassium sulphate crystallises out. 
The mother-liquor is decanted and allowed to dmin for an liour or two, the salt being 
washed with 10-12 c. c. of wat»jr. The solution is heated to 80®-90®, mixed with 
160 0,6. pf sulphuric acid, and afterwards ^admilly with tlie same quantity of w’ator, 
until th^rocipiuitod chromic acid is ro-dissolvod. Tho solulioii is then evaporated 
until crjstals begin to appear. After standing for 10 to 12 hours, tlic chromic anhy- 
ilrido is precipitated in small, brownish-red crystals. The motlier-liquor is decanted 
from tho crystals, again evaporated, and loft at rest, whereby a second crop is obtained 
of rather larger feaSiery crystals, and in a similar manner a third crop of long scarlet- 
rod noodles. Those crystals are freed from mother-liquor by draining in a ftinuel, in 
the apex of which is placed a piece of thin platinum-foil pierced with very small holes, 
and finally dried on a porous tile. 

To piunfy the ciystolliscd chromic anhydride thus obtained, it is introduced into a 
porcelain crucible, and treated gradually with 60 c. c. of pare nitric acid of sp. gr. 
I'tt (weaker acid would dissolve the cliromic acid), the mixture being thoroughly stirred 
with a glass rod ;, it is then placed on a dry tile. If, after standing thus for 12 
ho^, the chromic anhydride is found to ho not thoroughly freed from potash and 
sulphurie acid, it is sufficient to repeat tho operation with 25 c, c. of the nitric acid to 
romovo tlicso impurities. The nitric acid is readily expelled from the crystals by 
1 sand-bath, first gently, then more strongly, until no more acid fumes are 


By this method Zettnow obtained an average of 84*8 p. c. of the theoretical quantity 
ih ^ chromic anhydride. By using the green mother-liquor decanted after 

i® , , cryrtallisation, in place of fresh sulphuric acid, a considerable saving is 
weetod, whilst the quantity of chromie anhydride tims procured is about 90*3 p.c. of the 

theoretical quantity, instead of 84*8 p. c. 

of Chrwnio Anhydrido and of Chroma aeid solaftbwa (Zettnow, 
nf 274).— The spocifle gravity of chromic anhydride was dotermiaed by means 


i»>m water by digestion with calcium chloride. The 
cold, not dissolve the smallest quantity of chromic 
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Tlio sp, gr. of tlio solid cliromio anhyride, as determined by six experiments at IT^o 
was 2-775, 2-777, 2*787, 2-785, 2-804, and 2*800 respectively, the mean being 2-788* * 

Specific gravity/ of Aqueous Chromic acid. 


Pci'ccntago of CrO* 
ilismlTixl 

Specific gravity of 
solution 

1 ^ 

Pereontago of CrO* 

1 dissolved 

Spe6iflc gravity of 

BOlUtlOb 

■ 62-2.3 (saturated) 

1-7023 at 26® 

19.33 

1-1569 at 19° 

37'82 

1-34416 „ 22® 

12-34 

1*0967 „ 19-6° 


1-3448 „ 19-2® 

' 8-79 

1-0694 „ 14-2® 

32-59 

1-22384 9*7® 

1-22100 ,. 15-2® 
1-21914., 18-6® 
1-20940,. 35® 

8-25 

1-0679 „ 18° * 
1-0006 „ l 6 - 2 « 
1-0600 „ 170 

31-83 

1-20714 12® 

1-20204 „ 20-1® 
1-20269 ., 20-9® 




Action of Chromic acid oh Carbon compounds . — Chromic acid in aqueous solution h 
reeomiiioudod by Bcrthclot {Ann. Chem. Fhys. [4] xxiii. 212) in many cases fop the 
oxidation of organic compounds, instead of the ordinary mixtiiro of potassium ili- 
clironiato and sulphuric acid.bocauso it acts less violently; in fact, when this mixtiuu 
is used, the chromic unliydride parts with half its oxygon, producing chrome-alum: 

K*0.2Cr0» + 4(H=O.SO*) =■- K20.CV0».4S0* + 4ITO + 0», 

■whereas, when aqueous chromic aci<l is used, only ono-lifth of the oxygen of the anhy- 
dride is given off, with formation of a chromate of cliromium : 

6CrO» « Cr=0> 3CrO* -h 0». 

71y the use of the dilute aqueous acid, acetylene is oxidised to acetic acid, and nU^ene 
to propionic acid. If, ho-u'over, only a small quantity of water is present, the action 
on ucotylene becomes violent, and the products are formic and carbonic acids. 

Carbon monoxide^ passed (hrough a series of U-tubos filled with pumice-stone 
moistened with concentrated chromic acid is slowly oxidised to dioxide. Hydrogen 
also slowly converted into water, when a gy'psuin-ball steeped in the concontrat^ acid 
is introduced into the gas st^inding over mercury. Marsh-gaa withstands the action 
of chromic acid even in the concentrated state. Ethylene nt ordinary temperatoros is 
completely oxidised to carbon dioxide and water by concentrated solution of chromic 
acid, and very slowly by dilute solutions (E. Ludwig, Ann. Ch. Pharm. clzii. 47). 

Chromates* Barium chromates . — The dichromate BaCr^O’ ra BaO*2GrO’ 
separates as a yellowish powder from a solution of the normal chromate in boiling 
aqueous chromic acid. Ko other acid chromate of barium appears to exist (Zettnor, 
Pogg. Ann. cxlv. 167). 

Chromic Chromate^ Ct*0*.CrO* or Chromium Dioxide CrO*, is obtained in the 
hydrated state by mixing a cold solution of potassium dichromate with sodium thiosul* 
phato; 

2(K*0.2Cp 0>) + Na2S=0» « Ct=0».0r0» + K*CpO* + K*SO« + Na*S0», 

hyposulphuric (dithionic) acid being probably formed in the first instance, and 
wards resolrcd into sulphurous anil sulphuric acids. If the action be completed by 
aid of heat, and the product washed till the wash-water no longer appears yell<nr, tha 
compound 2(Or^O^CrO*) -t- 0 H^O is obtaim^. When dried at a gentle heat* it 
light, bulky, deep-brown powder. It dissolves easily, especially with aid ^ hesti ; 

dilute sulphuric or hyd^hloric acid, forming a green solution ; in dilute *«»*»« " 

it is loss soluble. Nitric acid dissolves it with deep brown colour ; strong hydroeW®** 
acid diswlves it, when heated, with evolution of chlorine. From ita soduriohs . 

sulphuric and hydrochloric acids, ammonia throws do'wn green cbromlo \ 

ammonium chromate remains in solution, generally retaining a little 
By boiling it with alkaline carbonates, green chromic oxide is separated ^ 
chromnto is dissolved. The compound, when slowly heated, 

Iiydratibn, and is thou resolved, with vivid incandescence, into y 

oxide of a fine green colour (O. Popp, Ann. Ch. Pharm. clyi, 20). 

Mercury-salts. — Normal mercurous chromate (JB.ff'fQtO* U 
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precipitating xneicurouB nitrate irith potaasium dichroxnato ; the precipitate is not 
decomposed hy washing with water. On the contrary, the precipitate thrown down 
by potassium dicliromato from mercuric nitrate retains the composition of tlio normal 
chromate only when washed with dilute nitric acid ; if washed with water it loses 
chromic acid. The only basic mercuric ebromato that'seems to exist is the tribasic 
salt 3HgO.CrO* (Freese, Zcitschr.f. Chem. [2] vi. 30). 

Nickel-salts, — ^Freese {loe, cit.), by precipitating a boiling solution of nickel 
sulphate with neutral potassium chromate, obtained the salt SNiO.CrO* + 
According to B. A. Schmidt (Zeitsekr, f. Chem. [2] tu. 31), this salt is formed only 
■wrlion the precipitate is thrown down in presence or excess of nickel-salt, as for instance, 
on mixing boiling solutions of 2 mol. nickel sulphate and 1 mol. potassium chro- 
mate. When, on the other hand, tlie chromate is in excess, precipitates containing less 
nickel are thrown down undor otherwise similar conditions ; with 2 mol. potassium 
cliromato and 1 mol. nickel sulphate, Schmidt obtained the salt 5Ni0.2Cr0*+ 1211*0, 
and with 4 mol. of the chromate to 1 mol. of nickel sulphate, the salt^ 2NiO.CrO* + 
6H”0. No Biilt containing loss nickel than the last was obtained ; on the contrary, 
by employing 10 or 12 mol. potassium chromato to 1 mol. nickel sulphate, precipitates 
were thrown down, the composition of which lay between oNi0.2CrO* and 2NiO.CrO*. 
When basic nickel chromato, still moist, is triturated to n thin pulp with ammonia, 
and gaseous ammonia is passed in till the brown colour completely disappears, ammonio- 
7 iicktl chromate is deposited in the form of a yellowish-green crystalline powder. Further 
qiiantitios of the same salt are obtained by placing a few crystals of neutral ammonium 
chromato in the motliur-liquor. Largo and well-formed prismatic crystals are produced 
when the ammoniacal solution is coTcrod with a layer of alcohol ; they are yellowish- 
green, dichroic by transmitted light, and undergo decomposition in the air, and more 
.rapidly on warming, giving off ammonia. Malagnti and Sarzcaii assign to this salt 
tho formula N)O.GrO*.3NH* + 4TPO ; but Schmidt found it to he anhydrous, and to 
have the composition expressed by’ the formula NiO.CrO'.SNH*. 

Potassium salts.— The dichromate heated with 2 pts. of strong nitric acid forms 
a liquid which, on cooling, deposits splendid crimson tabular crysbils containing nitric 
acid, and yielding by analysis 86-4 p.c. chromium, whence maybe deduced tho formula 

CrO* CrO*, whicli requires 86 7 p. c. Tho salt, when heated, gives off rod fumes 

and melts to a blackish-brown liquid. Its aqueous solution yields, on CTaporation, 
not tho original salt, but potassium dicliromato. An excess of nitric acid appears to 

convert tho salt into CrO® 2CrO* (Darmstiidter, J>eut. Chem. Ges. Ber. iv. 167). 

The dichromato, heated with phosphorous chloride to 166° in a sealed tube, is decom- 
posed, yielding potassium chlorochromate, brown oxide of chromium (chromic chromato), 
mid other products (Michaolis, Jenaische Zeitschrtftf vii. 110) : 

30(IPO.2CrO») + 42PCP -= 18(KCLOrOs) + 14(CPO*.CrO») + 16KPO* + 
27KC1 + 27POCF. 


Potassium Chlorookromaie, KCLCrO", may be obtained in long needles by 
uisHolvmg the dichromate in throo or four parts of warmed strong hydrochloric acid, 
and rcciystallising the product from hot hydrochloric acid ; it is partially decomposed' 
heat, and must be dried itt vacuo. Dry pure ammonia gas produces with tlie dry 
compound, ammonium chloride aud a salt crjnstallisablo from hot water, and having 
CrO^.OK 

t e formula ^0® ; its reactions seem to be identical with those of ordinary chro- 

CrO*.OK 

mates. 


rp. CrO*.ONH* 

c corresponding ammonium CrO® is produced by passing ammonia gas 
ihfn o 1 i.* <• . CrO*.ONH* 

nhoiiH dichloride, CrO*Cl*, in chloroform. It is a brown amor- 

u soluble in water, insoluble in alcohol, ether, chloroform, and 

rat 08 *^*^**^* readily soluble in mineral acids, from which solutions it sepa- 

MUs again as an amorphous powder. . 

^ icr and dry ammonia gas transform potassium chlorochromate into potasoium 
^^^do^hromate OrO*|^^, crystallisable from water; cold caustic soda-solution does , 

on on boiling for sometime, ammoniaisgiven off in quantity ; 

g It with water to 100° for some hours, the following re^tion takes place 


20r0*| 


nh* *•' ' 


: Ci*0®(0K)* 4 2NHV 
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Similarly nitrous acid gives nitrogen* water, and potassium di^roniate. Keitliei* 
platinum chloride, merciiiy clilorido, nor silver nitrate combines with it. 

Together with the amitloehromiite, a body is formed giving mmibers ugre^ngnot 
veiy closely with the formula Cr=0>NJP; it is a chocolatc-coloiircd powder insoluble 
in water, alcohol, ether, chloroform, and carbon sulphide. Acids and alkalis dis- 
Bolvo it on prolonged heating, tho latter wntli evolution of ammonia. The funount of 
this body formed is but siiuill, but is increased by allowing tho action of the ethereal 
ammonia to tskn plnco under a pressure of 1-2 decimeters of mercury J. Heiiitze, 
t7. pr. Chem. [2] iv. 68, 211). 

Potassium chlorochromate and potassiwn cyanide yield gaseous cyanogen chlori<le 
'and potiissium moiiodiromute ; Mith nitrogen tetroxide, the chlorochromate yiohls 
nifryl chloriile NO=CJ. The corre-spoading bromide NO"Bp is obtained by tho action 
of nitrogcTi totroxido on hromttchroymic formed by dissolving potassium di- 

chromate in bromine- water (Tfeintzo). 

Bilver Chromates . — Two only of the.so salts appear to exist. The normal 
chromate^ Agr-CrO*. is always formed when solutions of potassium monocliromato and 
silver-nitr.-ito arc mixed, though the appearance of tho precipitate varies considerably 
according as one or the other salt is added in excess. In like manner solutions of 
potassium dichromuto and silver nitrate alway s yield the pure dichro-mate of silver 
Ag*Cr'‘0', or Ag-0.2Cr0* whcither the chromium solution is added in excess or in .% 
mere trace. AVlieii silver oxide is he'ated for somo time with solution of nonnid 
potassium cliromate, the greyish black product., after washing with hot water, consists 
wholly of silver monochroniutc. Silver oxido troatod in liko manner, with solution 
of potassium dicliromatu yields pure silver dichroriiato (Fi*ee8e). 

On the action of Chromates on Ammonia salts. See AaraoxiA (p. 61). 

Cliroiiilum Oxychlorldesa — Ckromyl dicJdoridCy 0r0"01‘', is strongly attacked by 
phosphorous chloride, producing a hissing noise and emission of light. 

Tho reaction is : 


4CrO=CP + CPCP = 2Cr2Cl* + PCI* + 3P0CP + P“0* 


(Michaelis, Jenaitchc ZcUschrift, vii. 110). 

Chromyl dichlorido dissolves in glacial acetic acid, and in chloroform, and ammonia 

CrO-.OKH* 

gas pas.sod into tho hitler solution produces the ammonium salt CrO* , already 
. , CrO’'.ONH* 

mentioned, (p. 336). 

The chromium chrmnatocJUoridc, or iriehromyl dicldoride, described by Thorpe, 
(l«i Suppl. 456) may be regarded as tho clilorido analogous to this, and represented 
CrO=*.Cl ** ^ 

ly tlio formula CrO- (Iteinlzc, J. pr. Chem. \2^ iv. 211). 

CrO'-'.Gl 

Zettnow (Pog^. Ann. cxliii. 328), by heating potassium chlorocliromato with sulphuric 
acid has obtained — together with chromyl dichloride — a brown compound, , which 
after distillation and drying over sulphuric acid, appears to bo identical with Thorpo's 
compound. 


Anmoniaoal Chromium Oompouado. P. T, Cleve {Sill Am. J, [2] xl* 

251), liHs obtained the following nmmouio-clironiic compounds, in addition to those 
previously described (1«« Sujipl. 452) : 


Cr*CPBr*.8NH».2H='0 

Cr»Bp«.8NH*.2n*0 

Cr®Br*CP.8Nn>.2n*0 

Cr»Cl*P.8NH*'.2H*0 

Cr»P.8NH*.2H*0 

Cr*Br*0*.8NH».2S0a.2II=0 

Cr*Cl*0*.8NH*.2Cr0\a-IP0 

0r*CiaO*8NH*2N*O*.2II*O 


Tetrtimine-chromic Chlorobromidei 
Tctramino-chromic Bromide. 
Tctraxnine-chromic Bromochlorklo. 
Tctramino-diromic Chloriodidc. 
Tctorominc-chromic Iodide. 
Tetramiue-chromic Bromosulphate, 
Tctraminc-chromic Chlorochromate. 
Tctramine-diromic Chloronitrate. 


Of heptamino-dichromic compounds, only tho two following double salts hare 
obtained; 


2(Cr*0».3N*0*).UNII* + (NH<)s0.N*0» + 0H*O 
2[CrSO» N»0».(Cr»0*)»],14NH* +, 6H=0. 

Of salts of the triominc scries, two also- have been obtained, via. 

Cp=O*. 3C»6*.0NH* 3H*0 Triamiue chtoadc.Cm^-Lr 

2(Cr*0*.3C*0*.eNH*) + (NH*)*0.2C*0» + 4H*0 aWamino-chromiC 

Oxalate. 
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^ho salts of the hoptamine and tri^ino series closely resemble the totramine salts. 
The nitrate of the heptamino series is obtained by tlie action of silver nitrate on 
tutramine-chromic chloride ; the oxalate of tlio triamine series by the action of oxalic 
acid on the same chloride. 

JJcsides tlieso three series, Cleve describes the foUowing salts : 

Cr*0».N=0>.4Nir' + 3H»0 
Cr«0».C*0*.2NIP + 8H=*0 
2Cr*0’.S0».4NH* + 24H=0 ; 

but it is doubtful whether they have boon obtained in tliepure state, inasmuch as they 
cuuld not bo mode to crystallise. 

CBXOKO-WOXmriraS. See WoLFENiTns. 


caMrSAMMXC ACIDp C»n*N='0», or = c»H“(N0*y(no)20=. 

Tetranitro-dioxyanthraquinone (1«^ Suppi. 457). Tildeu (Pharm. J. Trans, [3] ii. 
845) prepares this acid by the action of cold fuming nitric acid on borbaloin, the aloiii 
obtained from Barbadoos .aloes, (p. 62). The product is a mixture of aloetic, clirys- 
ii-mmic, oxalic and picric acids, the two latter of which are easily dissolved out by cold 
Viitcr, iho aloetic and cliryaammic acids remaining nndissolvod. The aloctic acid is 
finally converted into chrysiimmic acid by prolong^ boiling with nitric acid, and tlio 
ciystalline precipit<ato of chrysiimmic acid, after purification .by washing with water, 
is converted into the potassium salt, wiiich is further purified by recrystallisation. 
Barbaloi'u thus' treated yields more than ono-tliird of its weight of pure potcassium 
clirysinimate. 

The acid is obtained by dissolving the potassium salt in boiling water, and strongly 
.‘U'iditying the liquid with acetic acid. It cr^tallises in thin, yellow, fcm*8haped 
irjstals, soinowliat resembling picric acid, but more lustrous. 

The chrymmmates of had and barium have been described by Schunck and Mulder 
as red powders, the former containing variable proportions of load. They may, how- 
(fvor, bi.! obtained in a crystalline and perfectly definite stoto by mixing a solution of 
the potassium salt with solution of le^ or barium acetate acidified with acetic acid. 
The ci^’stals of the lead salt exhibit a magnificent bronze reflection and strongly 
pobarizo triinsmitted light. The analysis of these salts loads to the formudee 
C»H»Pb(NO«)*0‘ + 4WO .and C'^H»Ba(N0*)«0* + 4H-»0. 

If cliiysammic acid has the constitution of tetranitro-dioxyantliraquinone, the 
substance hitherto called chrysam^e, which is produced by the action of ammonia 
oil chiysammic acid (i. 956), may bo regarded as the ammonium salt of a monobasic 

.icid C'*H*(N0*)\0*)" Iqjj , which may bo called chrysamidic acid* (tetronitramido' 
oxy.anthraqninono). 

Tile so-caJlcd cluyaamide is formed according to the equation : 

C"H«(N0»)‘(O’)* 1^2 + . 

CliryBammlc add. Ammonium OhrjBomidatc. 

^V hen dry ammonia gas is passed over chiysammic acid, 4-4 p. c. water is given oif, 
iu:por(ling to Mulder ; the equation just given requires 4*3 p. c. Strong acids convert 
tho so-c-allod chrysamide into <^]ysammic acid, whereas by treating, it with dilute 
flcids, a body is formed containing more nitrogen than chrysaiiunic acid, evidently free 
chrysamidic acid (Oraebe a. liel^mann, Zeitsohr,/, Chem, [2] vi. 262). 

^ydrochrysamide (iii. 191), obtained by reduction of chrysommic acid, was 
rcg.arcled by Schunck as or rather But from his analyses anti 

ipom the reactions of this body, it appears rather to consist of C**H**N*0*, that is to 
Jiy of Thocolonriess 

oody formed firom chiysamido by furiher reduction will accordingly be triatiudo^Uro- 
^^rao^anthr^me 0**H*(NH*)*(N0*)(0H)< ; it is reconverted into hydrochrysamide 
*>y oxidation in tho air (Giaebe a. Liebermazin). 


OBXTBAirzsXO ACZB, CJahours, who first obtained this body bh 

treating nitranisic acid t with fuming nitrio.acid, and exhausting the piquet irity 
ammonia in order to soparato it from simulfonoously formed di- and tnnitroanisol, 


t •* Schuneke’s chryisiuiilio setA 0. 9W). 

Cshoun* pam |& UMiVi AnnaUn it is sold that Oolumn i 
S Mj stoto oocniS and to the first 


fh . V i wKun la wnena m jaonooo^, Bua 


oonverted into i 
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assigned to it the formula, C'H^N^O', and regarded it as methylated picric acid. 
Beilstein and Kellner found afterwards that the true formula of this acid is C'lPNso^ 
(l«i SupjtL 458), but their researches do not give any clue to its constitution. 

The recent researches of H. Salkowski {^Ann, Ch» Pharm,' clxiii. 1) hare shown, 
however, that it has the constitution of dinitro-amido-benzoic acid 
C«I£=(NO®)®(NH®).COOH. This appears from the following reaclions ; — 

(1) . By reduction with tin and li 3 'drochloric acid it is converted into triamido- 
benzoicacid, C®H“(NH‘'*)®CO"TI, which by the action of heat is resolved into carbon 
dioxide and triamidobenzono, C®H®(NII*)* 

(2) . By heating chiysaiiisic acid with fuming hydrochloric acid, it is converted into 
trichlorobonzoic acid, CTl'CRCO-. 

(3) . By the action of nitrous acid, a diui tro-oxybonzoic acid, C®H*(NO“)= 
(OIT)CO"TT, is obuined; and tlio same transformation is effected by the action of 
caustic alkalis. 

Ohiysanisic acid is not a direct product of the action of nitric acid upon nitranisic 
acid ; it is formed by the action of ammonia on the crude product of the reaction which 
contains di nitranisic acid, as maybe shown by exhausting this crude product with 
solution of sodium carbonate, precipitating with bj'drochloric acid, and recrystallising 
Trom alcohol, whcroliy dinitraiiiKic acid is obtained in pale yellow crystals molting at 
1 71o_173o. This acid dissolves witlput decomposition in dilute aqueous ninmoiiia, but 
wlicii boiled for a few minutes with strong ammonia, it is completely converted into 
clirysanisic acid : 

C«H-(NO")2(OCH*).CO'-H + NIP - HOCH® + OH»(N02)=(NH=*).C0“H 

Diui Iraiiisic acid. Mctl\yl Clirysunisic acid. 

Alcohol. 

Clirysanisic is therefore dmitro-para-amido-benz&ic avid-t inasmuch as anisic acid 
is motbyl-para-oxj'boiizoic acid. 

Pure chrysanisic acid, prepared according to Cahours* method, melts at 250^ and 
not, as Cahours states, at a gentle heat. It crystallises from alcohol in small shining 
rhombic plates, and from hot water in liair-likc fasciculated needles. It is very 
slightly soluble in cold water, but insoluble in dilute acids. 

By adding a small quantity of cluysanisic acid, or of onoof its salts, to an alcoholic 
potash- solution, an almost bUick colour is produced, which disappears on standing 
and quickly on addition of water. This reaction m.ay be used for tho detection of tho 
acid ; the dark compound formed is pcrliaps C*BP(NO*)*NIIK.CO*K. 

Methyl chrysanisate JH obtained by heating tho silver salt with methyl iodide; it 
crystallises from alcohol iu small plates, melting at 144^, and having a metallic* 
golden lustre. 

Dinitro~a9)iidosalylic, Linitro-antkraniiic, or more shortly Chry- 
salt/ lie acid, the othd-isomcride of chrysanisic acid, is produced by the following 
scries of reactions : — 

Gaultheria oil treated with a mixture of nitric and sulphuric acids yields metliyl 
dinitrosalioylato C«H''(NO*)=.OH.COOCH»; tJio ammonium salt of tliis compound 
mixed with silver nitrate yields the silver salt C*H®(NO*)®.OAg.CO*CH*; and by 
treating this salt with ethyl iodide, the ether C®H*(NO*)».OC*II*.CO®CH*, is obtained 
in w'cll-dcfined monocliuic ciystal.s molting at 80®, 

This ether treated ■with hot ammonia forms a yellow-red solution, together iri^ a 
solid yellow mass, which, when rociystallised from boiling alcohol, is converted into 
yellow laming melting at 165°, The yollow-rcd solution contains the ammonium salt 
of dinitro-amido-salylic acid C®II*(NO*)*.NH®.CO*H, which may bo precipitated fro® 
it by acids, while the yollovT laminse consist of its mothylic ether, C®H*(NO®)?.NH*. 
CO*CH* ; the latter may bo obtained as sole product of tho reaction by using alcohriic 
instead of aqueous ammonia, 

Dinitroamidosalydic acid is converted into dinitrosalicylic acid, with evolution 
ammonia, by boiling with soda. Its ethylic etlior melts at 136°, tho methylic 
at 166°. It bears a great resemblance to its isomeride, chrysanisic ocidi 
almost the same melting point (266°), but the methyl and ethyl dorivatiTOS •*' 
about 21° higher .than the corres]:ioiidiDg chrysanisic derii'ativos (114® 

Again, the ammonium salt contiiins one molecule of water, driven off at 10®^» 
that of chiy’sanisic acid is anhydrous (Salkowski, Chem. Ges. JBelrAt^ 3TP> . 

OBBffnnrS, (Liehermann, Ann. Chem. Pharm. clviii. 209). 
carbon was discovered by Laurent in crude anthracene (i. 068 ), and 
by Berthelot, who has produced it synthetically from benaene {ls< 
be extracted from the mixture of solid hydrocarbons which ha|Ve ft 
point than anthracene, and form tho latter portion of the distillate 
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tToating this inixturo -with successive quantities of cold carbon sulphide, which dis- 
solves the pyrono and similar hydrocarbons, leaving 18 b) 19 per cent, of a yellow 
powder melting at 210°. 13y crystallising this powder from coal-oil (boiling at 160°) 

the clirysetKi is obtained in bright yellow glistening scales, from which the colour 
cennot bo coinphitoly removed, even by repeated crystallisation from ether, or by the 
insolation of its solutions. It is howercr obtained coloiu'less by heating the yellow 
orvstfils with liydriodic acid and amorphous phosphorus to 240° ; also by boiling tliom 
■vvitli altiohol and a small quantity of nitric .acid. It cannot bo sublimed without 
tlcc'orn position, and when submitted to distillation in a curi-ont of gas, its melting 
point, is lowered sonietiiiicH as much as 10°. 

^ Clipy.souo is very slightly solulde in cold alcohol, ether, bonzeno, and glacial 
cioctie aci<l, but somewhat morn soliiblo in carbon bisulphide. It is modoratoly soluble 
ill coiil-oil of high boiling point when hot, and in boiling glacial acetic acid, from both 
<.f wliicli it .scparntc.s in the crystalline sUito on cooling. It melts at 248°-250°, and 
ils boiling point lies above tho range of tho mercurial thermometer. The yellow 
clirysonc dissolves in a largo quantity of hot suliihtu'io acid, with a dirt^r violet colour, 
forming siilpho-o.ci<ls, whil.st colourle.ss clirysono forms a pure blue solution. Chlorine 
Hots upon it very littlo in the cold, but on heating, a substance is formed which 
8ul)limes in wliito iioodh-s with piirtial decomposition. It forms a picraie, 

(\0-)^0IT, crystallising in oivi ngo coloured needles, which are decomposed by the action 
of cold alcohol, being converted into psoudomorphs of cliry.sono. 

by oxidation witli chromic add it is converted into chrysoquinoue and by 

jii'olongcd action into jilithalic acid. 

liroaiochry ernes. On adding bromine to ehi*yseno suspended in carbon siil- 
lihide. hydrobroniic acid is evolved, and a substance is obtained which crystallises 
iVambcmcnoin coloiirlc.'^s needles, and appears by analysis to bo a mixture of di- 
jiiul tri-bromocliry sene. 

Dccachlorochrysene, C'^H*C1'“, is formed by hcwiting chrysoquinono (*»/‘m)for 
twelve hours wit li a largo excess of phasphoriis pentaclilorido ; it is a yellowish un- 
crystallisjiblo substance soluble iu carbon sulphide, 

yitrovhri^ecaes. — Mononitrochryscnc^ C''*H"NO% is produced by boiling yellow 
clirysono -wil ii alcohol and a littlo nitric acid of sp. gr. I ’ I, Tho solution slowly 
;U'quii‘os an orange colour from formation of nitrochrysenc ; and if, Jiftep 24 hours’ 
digestion, it bo separated from unaltered chrysene, coucentratod by distillation, and 
allowod to cool, then filtered and mixed with water, au orange-rod precipitate of nitro- 
clirysono is fortiicd, which may bo purified by crystallisation from boiling alcohol. 
Thu chrysciio remaining undissolvcd in the above operation is much less readily acted 
niym by nitric acid than before, and when boiled with potash and recrystallisod, yields 
I'olouploss chrysene. 

'MnuxUro-cliryaene, — On dissolving chrysene in fuming nitric acid in 

Mie Cold, and adding water after some hours, this substance is precipitated as a yellow, 
difficultly fiolulilo powder. By treatment with chromic acid it is in great part dc- 
stToywl, and when heated to 170° with nitric acid, it forms a volatile acid containing 
Ditrugon. 


Chrysoqulnone, C'*^ll>®(0=y'. On oxidising crystallised chrysene suspended in 
ghtcijil acutic by tli careful addition of one and a half times its weight of chromic 
jcid, and fimilly heating to boiling to complete tho reaction, a solution is obtained 
rmm which tho quinono may bo precipitated by addition of -water, as an orange- 
rat powder To purify this substance, it is dissolved in concentrated sulphuric acid, 
niwml through asbestos to separate unaltered chrysene, and precipitated by water ; • 
Repeated crystiillisation from benzene renders it quite pure. It is moderately soluble 
hot nlcolml, benzene, and glacial acetic acid, and crystallises from tho former in 
I piatos. It is but slightly soluble in other and carbon sulphide, inelta 
It d‘ 1 strongly heated, sublimes with partial decomposition. 

dissolves in cold concentrated sulphuric acid with a fine pure blue colour, and is 
^■ipitatod unchanged by tho addition of water. The production of this blue colour 


JxiTr ^ characteristic test for ^chrysene. If a mixture of solid hydrocarbons, on 
chromic acid, and subsequent treatment with siUphuric acid, gives the 


duo — d aciu, ana suoscquenc xreaLmenn -wild: siupuunc aciu, gives rao 

Toiit?* proaenco of chrysene may be safely infenod. The quinono <rf idrialin 

leid ninnner gives a. red-brown colour. Cb] 7 aoquinoite yields phthi^c 

>f treated with potassium permanganate, op subjected to tho prolonged action 
. acid. When it is heated with zinc-powder, chrysene is regenerated. 

!n7c C»»H«C1*0»— When 1 moL of chij'sone is heated for a short. 

«lor ii .^ . 2 mols. of phosphoric chloride and an exce.4a of phosphoms oxy- 

* '■, a greon iiiiciystallisable substance is formed, which is soluble in carbon 

Sup, 2 


338 CHRYSOCOLLA— CHRYSOPHANINK. 

BQlphido and phosphorus oxychlorido, hut almost insolublo in alcohol, etlicr, and 
henzone. The contonts of the tubes, when gradually added to alcohol, give a bright 
yellow flocciilent precipitate of dicJiloroehrysaquinone. 

Tetranitroi'hTmogiunoney — Chrysoquinono dissolves in cold concen- 

trated nitric acid, and after it has boon allowed to stand for some lionrs, wati'r pro- 
cipitsitcsti^traintrochryKoquinoncas an orange-yellow powder, which is but little soluble 
in most solvents. It deflagrates slightly ivlicn hoated. 

Chrysohi/droquinonc^ — Chrysoquinono boiled with ziuc-powdcp 

.and c.austic potasli-soliitioii, dissohajs t<i a yellow liquid, from which acids precipitate 
colourless flochs of clirosohydroqiiinoiic, which can bo easily rooxitliscd to the quinone. 
This change takes place wlicii the hyilroqninouo is heated to 200° with access of air, 
or when it is dissolved in concentrated sulphuric acid and agitated with air, tJio solu- 
tion then acquiring the cliaracterislic blue colour of chrysoquinono. 

Constitution of Chrysene . — The properties of tho derivatives of chiyseno, and its 
conversion into plithalie acid by oxidation, clearly show that it is a member of thu 
iiaphthaleno-anlhracono series ; and, moreover, the absence of any fatty group is ren- 
dered manifest by the formation of the quinone and its reconversion into chrysene. 
Strecker {Lchrhuch der Orgmi. Chemic, 76‘i) has pointi d out that its constitutiou is 
probably iiiialogons to that of naphthalene and aiitliruceno, and if tho substance pre- 
pared svntheticaliy from henzone by Berthelot bo identical with chrysene, the structim! 
of this hydrocarbon maybe ropresonted by the following formula, wliich.indicates tlnit 
ibis formed by tho union of three benzene molecules, with olLoiin.uion of hydrogen:— 

uc cn 


lie c;ii 


\ / 



CBftYSOCOUA. Cup ric Silicate . — This mineral appears to occur on a gneibsoul 
gangue in ^uth Africa, rich in Muscovite and quartz, as .a blue layer in hotrydidHl 
forms, and carrying here and there a green incrustation. Tho blue mineral appears 
also in some places in fibres, apparently crystals, generally mixed with smaHer blttfl 
crystals. Its .'iiialy.si.s guA’o: 


t5iO’(soliible) 1”0' SO' CO’ CuO Fe’O" Ganpiic Water 

18-82 9-70 11-75 3-45 1*00 32*15 436 2*27 10-92 5-41 *= 99‘92. 


It is probably chrysocolla mixed with two minerals, one belonging to tho ttoebaptit® 
group, prch.-ibly langite, the otlier a cupric ursenophosphatu (blaskolyne a. Fligbti 
CW Soc\ J. [2] X. 1062). ' 


CnTSOPHAVZO ACZp and cnTttOPBAlTZVM. These 
sontained, according to Bourgoin, in crude cathartin from senna (p. 270). 

reduced by zinc-dust to anthracene. Wn^t^tiKie i\ 
or is not yet decided. Tho formula i# In i 

tho analyses botii old and new of chrysoplifinic acid itself; the 
the other hand, is supported by I)e La Kno and Muller’s analyses 
phanic acid Heif SuppL 460) and by Palz’s analysis of diacetTln 
tho formula should be corroboKited by further investigi 

to interpret tliis formula as dioxyanthriiquinoni*^..^— . 

(OH)» H*, rather than as tctraoxyanthracono C»*H?¥OH)<; first, because — 
acid contains only 2 atoms of liydrogon replaceable by acid radides ; Beoo«dly» 
it ia an acid quinonic ^aracter, and is converted by reducing agents-^^*.^.^'^^^ 
its solution in alkalis with sodium-amalgam — into a colourless sttbstancall^i^^ 


If 
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liccoines oxidised and coloured ou exposure to the air (Graobe a. Liobermann, Zeitschr, 
y; (JJam. [2] vi. 261). 

CXMCSBX« The birvse of Cimhex vanahUis (living on the leaves of Alnus incana^ 
Ivive ou liotli sides of their bodies a scries of orifices, from which, on being touched, 
ihcy squirt a green fluid, wliich is tustolcss and inodorous, has an alkaline reaction, 
iuv\ coiisisU of a moderately con<?oiitratcd solulion of a proteid having great resem- 
lilatioo to albumin. 

Tlio nature of the colouring matter (perhaps chlorophyll) has not been ascertained; 
jiikalis change the colour into a yellowish green. The fluid from the larvfo of two 
other species of cimhex feeding on birch leaves, gave tlio same results (A. J. von 
l{(js!Siiui, ZcUschr.f. Chem, [2] vii. 426). 

Ijf nCXCXnrOA- Tlic active jitrinciplo of Black Snake-root ( Cimicifuga raceniom) 
apt-pai's to bo a ncuf ml, crj'stallisablo body. Tlio fresh root bruised and treated with 
lilfohol produces a tincture wliich, after the separation of the rosin, binnin, &c., by 
of learl, leaves, on spouLaneous evaporation, a powder which may bo purified 
Irmn fatty inaltcr by benzene. The jxiwder freed from the odour of benzene, washed 
'ivitli waicr, dried, dissolved in alcohol, mixed with pure alumiiKa, and evaporated 
•jpoiitiincaiisly. yields a light drj- mass. This mass exhausted with hot alcohol affords 
II solution which, on evaporation, leaves a ci^'stalline substance having a light yellow 
i-nlour, and presenting under the microscope an .appearance similar to that of rock- 
randy. The crystals are slightly soluble in ether, more so in alcohol and chloroform, 
IjiiI; quite ia.soluble in benzene, tnriientinc-oil, and bisulphiclo of carbon. Tliis substance 
iKkis nob possess the character cither of an acid or an alkaloid. It lias little taste, on 
iifcoiint of its extreme insolubility in the liquids of the mouth, but its solution in 
liliioliol has the intensely acrid and sharp taste which characterises recent cimicifuga 
(f. ]■]. Coiiartl, Vharnu j. Trans. [3] i. 860). 

CINCBOXTA BABKB (0. IIc-sso, JDmit. Chem. Gcs.lier. iv.818). — To distinguish 
lii-twi cn goniiino aTid false cinchona barks, Gruho heats a small piece in a test-tube 
wliich is held horizontally ; tlie genuine barks yield a C4'irminc-red tar, but the false 
hiirksdo iiot(l.s^ Su2^2‘^, 401). Batka has shown that this red product is always formed 
ulicii ii cinchona base is heated with cellulose, and this test is therefore very well 
jiiliipted to prove the existence of alkaloids in the bark ; but it cannot be used as a 
nipiins of distinguishing between genuine and false barks, bepauso there exist genuine 
liaiks foutaining no bases, and fjilso barks in wliicli alkaloids are present. Thus a. 
^'(■Jiuiiio bark in Hesse’s collection (probably from Cinchona ^p^iiwscms) does not con- 
tJiia a truce of any alkaloid, whilst a false Ixirk, which was formerly often found 
aineiigst. tlio ‘ soft bark ’ {Cineftona lancifolia var, obovata)^ aiul is now found in larger 
fjiuiiitirrfs in the market, gives the above reaction, because it contains cinchona bases. 

Tills hark, which Fliickigcr calls Cfiinu cuprea. has a fine red colour, and gives wdth 
imniionia a purple solution, which imparts to filter-paper a fine pink colour after ox- 
I'osurc to the air. Nitric and sulphuric acids produce iti this solution an amorphous 
oldish brown precipitate. On filtering, a yellow solution is obtained, whidi, on add- 
ing ammonia, assumes a violet colour, and, after some time, purplo amorphous flakas 
wipsiratc out, no doubt a product of decomposition of the tannic acid of tho bark. This 
tannic acid is diflereiit from that contained in genuine barks and in China nova, as it 
;rjvcs an intense gn?en coloration with ferric chloride. Milk of lime gives, with^ tho 
biirk, a deep yellowish red solution, from which, on exposure to tho air, a red lime- 
compound (cinchona-red lime?) separates. On adding an excess of ^ctic add to tho 
lilt rate, a gelatinous precipitate is obtained, which cannot bo distinguished from that 
^vhidi the genuino barks give under the same circumstances. On filtering from this 
I’rccijntato and ailding basic lead acetate, a copious predpitato of basic lead quinatc is 
loriQod. Tho following percentages of bases are contained in this bark 


1. 

o 

3. 

4. 

Quinine . ^ * 1’33 

1’28 

1*20 

1-26 

Concliinino (?) — 


0-46 

0-28 

Cinchonine ,■ . . — 

— 

0*22 

0-24 

Amorphous bases . — 

~ 

0*37 

0-37 


riic amorphous bases in this bark.^ve tho same reactions as quinine; quinidine and 
^arisiuo Tiirero not found in it. , . 

11 - 1 Ckntr. 1872, 152}frirtlicr points out ihsLi paytim, a ciystallisablo 
■usaloid differing from dnehonine only by the audition of one atom o^carbon, is obtained 
*^^01 a so-called false bark, Quina Uanca. 

^y^stributioa of Alkaloids in Cinchona barks. —An examiniilioa oi* sdvoiiil spedes of 

a 2 " 
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cincliona bark by 1*. Carles (Diarm. J. Trails. [3] iv. 643) has led to tlio conclusion 
that quinino exists in all parts of tlio bark, but in n much Larger proportion in tlio 
oxtornal or cortical layers than in the internal or liber layers: in the intormodiato 
layers the proportion diminishes pretty regularly from the exterior to the interior 
The seat of the einchoaine has not been «o clearly established ; it appears, howuvor 
in most species, to bo more abundant in tlio outer than in the inner layers. ’ 


* cnrCBOWiL BASBS. Separalioa mid Esiimation. — J. E. do Vrii 
(Pharm. J. Trans. [3] ii. 624) has given a iiroccss for this purpose, based upon tho 
follo'wing facts : — 

1. Tho great solubility of quinine and amorphous alkaloid in ether, and the relative 
insolubility of quinidine, ciuclionine, and ciuchonidiuo in this liquid. 

2. The great solubility of tho iodosulphate of amorplious alkoloid in alcohol, ainl 
the very slight solubility of tho iodosulphate of quinine (lioraiiathitc) in tho same. 

3. Tho difTeronco of solubility in wator lictwcon tho tartrato of cinclionidino and tlm 
tJirtrates of cinchonine and quiiiidino. ^ 

4. The difforcjicc in solubility bctvrecu tlic hydriodidc of quiuidiiic and tho hydriodidu 
of cinclioniiie in water and alcohol. 

The application of these facts to tho determination of the respective cinchona alka- 
loids is conducted in the following manner : — 

5 grams at least of tho pulverised mixed alkaloids arc digested witli 50 grams of 
ether, and iiltercd, whereby the alkaloids are scparatctl into two groups. 

A. Part soluble in Ether. — The ether is evaporated, the residue dissolved in 10 parts 
of proof spirit acidulated with emc-twentieth of sulphuric acid, and alcoholic iodin«: 
added until a precipitate is no longer formed. Tho quinine is thus precipitated a.s 
herapathitc. One part of liorapatliito wasliwl, and dried at 100°, represents 0*565 
parts of pure quinine. Tho liquid separated from tho herapathito is mixed with nii 
alcoholic solution of .sulphurous acid, then neutralised with caustic soda, heated on ii 
water-bath to expel alcohol, and mixed with an excess of soda. Tho precipitate con- 
sists of amorphous alkaloid, with, perhaps, trace.s of quinidine and cinchonidinc. 

B. Part insoluble m Ether. — Tlic insoluble alkaloids are dissolved in 40 p;irts of 
hot water witdi the aid of u little dilute .sulphuric acid, tlio acid being so adjnsted that the 
solution shall preserve a faint alkaline reaction. To this liquid a solution of Rochelle 
salt is added, and tho whole allowed to remain for twelve hours. Tlie cinchoiiidiro 
will be found separated as tartrat4!, which may lx* collected and dried at 100°. Ouo 
part of this tartrate represents 0*804 p{U-t.s of cinclionidino. -fhe filtrate is mixed with 
ii solution ot potassium iodide, which precipitates the quinidine as a sandy cr}’stallinc 
powder, provided that the quinidine bo not very small in quantity relatively to the 
cinchonine ; otherwise the precipitate is often ri*,sinou8. One part» of the hydriodicli* 
dried at 100° represents 0*718 parts of anhydrous quinidine. 

The liquid .separated froiyi the qiiiniclinu is precipitated by caustic soda, whereby 
the cinchonine is obtained; it is collected and dried as in tlio previous instances. 

Tho substance designated as ‘amorphous alkaloid* is the dextrogyrate baseaolublc 
in other, probably identical with Pasteurs quiniciiio. 

Oh the application of Molecular Potation to tM Kstimation of Cinchona bases, eco 
do Vrij {Pharni. J. 'Trans. [3] ii. 1 ; Chem. Soc. J. [2] ix. 857). 


PeriodldM orthe Cinohona Bmos (Jorgensen, J. pr. Chem. [2] Hi. 146). 

Tho tri-iodide of mcthylqninine, is olitained by lidding a sohitiou 

of 2 atoms of loiliiio in alcohol to a hot alcoholic .solution of the hydriodido of methyl* 
quimno. B^v slow cooling of the liquid tho tri-iodido is formed in beautiful Mnck 
noodles, having an adamantine lustre and melting at 15U-160° This body is modoratcly 
soluble in alcohol ; the broivn solution is decolorised by sulphurous acid, sulphurettefl 
jiydro^n, and menrury. The tz*i-iodide, boilod with a largo quantity of water, gnidtutlh’ 
Joses the 2 atoms of iodine, a.Md is rcduccil to mctliylquinine hydriodido. It does no* 
iipnoar to bo decomposed by boiling with strong aqueous ammonia or by cold caustic 
* ™ is uasily and completely decomposed by solution of silver 

The foUowingpenodides ai:e propired by corresponding processes and exhibit ■iiBii*^ 
properties • 


Tri-iodide of: 
Ethyl-quinino , 
Cinchonine 
Methyl-cinchonino 
Ethvl-cinchonine 
Motnyl-qainidine 
3fethyl-cincboEiidiDC , 


Ccoh«K 30*.C=HM3, like tile last , . 

brown rhombic taldes 
brown adamantine InmiDSEi . • 

brown adamantiAo laminm- 
C H N O.C*H*.I» brown liemisphericai giwps y 



CINCHONA BASES. 


341 


When cinchonine tri-ioclido is decolorised by griidual addition of «*i standard solution 
(,f sf)clinni thiosulphate complete decoloration takes place, as soon as a quantity of the 
tliiosulphato equivalent to 2 atoms iodinu has been arklnd, the salt boing then reduced 
to the hydrioclide This shows that two of tho iodino-atojns are iu a 

closer stato of combination than tho third. 

Quinine and Clncbonlne. Optical properties. Tho specific lotnt oiy power of 
pure quinine in alcoholic solution is for tho yellow ray: 

a^. - - 16.V70at If)"* 

= - 162-lG ut 25°. 


The specific rotatory power of quinine in its salts is j^ator than that of free 
quinine, tho rotation increasing with the proportion of acid present, and with tho 
tcniperaturo. 

Thus tho sulphate gives for the 3 'ollow ray tho values— 
a.. — 191 ’47 in alcoholic solution 

tty = - 228-78 dissolved in G molecules of H-SO* diluted till SO® ~ 4 per cent, 
of tho volunio ; 

Avhrnce the rotatory powers for the contained quinine aro found to be — 

fly - — 220-43 in alcoholic solution, 

Oy ~ 264-6G ill excess of sulphuric acid. 

The mono-acid sulphate gives for ll^o contained quinine: — 
tty = — 2C4-30 in alcoholic solution. 


or sensibly tho same ns tho acid solution of the sulphate. 

With excess of acid, tho mono-acid sulpliato gives higher values — 

With 1 moleculo SO®, Oy for contained quinino - — 277-23 
3 . „ « - 280-77 

The diacid suljtlialo gives— 

tty « - 287-62. 

tlie value being tlio same whether excess of acid is present or not, 

Similarly, the addition of excess of hydrochloric acid raises the rotatory power of 
ilic hydrochloride. 

Crystallisod C'-®II®’N®0\IIC1 + 2H®0, dissolved in alcohol gave— 

Oy ^ ~ 166-41. 
in miter with large excess of ackl Oj. = - 247-39. 


The specific rotatoiy power of cinchonine is: 

III .alcoholic solution Oy — + 226*48 

Neutral sulphate in alcoholic solution .... -f- 244-12 

n ,, with 1 mol. free acid .... + 261-49 

M ,, ,, 6 ,, .... H- 255*86 

Hydrochloride in alcoholic solution .... -*• 203-58 

„ in strong acid aqueous solution . . + 233' 12 

(Hesse, Ch. Pharm. clxvi. 217). 

Reaction 8.— Thib green coloration produced by chlorine and ammonia in quinine 
sfuutions, is capable of indicating the presenco of 1 part of quinino iii 4,000 to 6,000 
puts of liquid. 

limnine vapour, -with subsequent addition of ammonia, also produces a green 
t'Jlour, which is perceptible when the solution contains only of quinine. 

^'ogel’s red reaction, obtained by tlie successive addition of chlorine, red, or ydlaw 
V^itssmte of potaoh, and ammonia, is less delicate, being capable of indicating only 
part iu 2,500. , 6 

Ihiro quinine hydrochloride dissolyoB iu dilute nitrio oc/df without any marked 
of colour, but if it is mixed with 5 p. c. of morphine hydrochloride, an orange- 
produced; 1 p.c. gives a dark yellow colour, whilst 0-2 p, c. produces a 
in the tint produced. The acid should contain 20 p.Ct HNO* by 
ohme (Ilcsse, Ami. Ck Pharm, clxvi. 217). 

'hin - onine sulphate is hoatM in sealed tubes ^‘th concentrated 

some hours to 140°-150°, the contents of the tubes yield crystals not 
“ those of cinchonine sulpliate, but differing therefirom eMentiaJly in their inedla- 
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bility in acids. After one reciystallisation tlicso crystals do not contain n trace of sub 
phuricacid ; their solution is strongly acid, but is uo longer fluorescent. They are anhy. 
drous, and contain 3 atoms of chlorine, two of wliich are readily and complotoly romovwl 
by silver nitrate, the third uitli ilifficuUy. The niotlicr-liqiior from these crj-stuls 
yields, on farther ovaporiitioii, a second crop of different aspect, but ill so free froi„ 
sulphuric acid. 

Q.u Lnino sulphate similarly treated gives crystals, which also do not contain any 
tmlphuric acid ; they' yield a strongly acid solution, which is non-fliiorcscont, mu] 
coloured only very slightly green on addition of chlorine water and ammonia. Potiis- 
siiim ferrocyaiiido j>roi!uci!S a yellow precipitate, insoluble in excess, but soliiblo on 
boiling. Tile base thus formed is precipitetod by aiiimoniii, and is readily solubln 
in etlier, also in excess of ammonia and in boiling water. In its behaviour witli 
ammonia and chlorine-w'ater, and with ferrocyanido, it resembles cinchonine; like 
quinine, it is readily srdiible in ether, but differs from both by its solubility in am- 
moniii and in boiling water. 

Action of Quinine in urremting Molccuhi)' Alovemenis and Organic Decompostiion,-^ 
The active mcjvements in water of tine particles f)f Indian ink, pure charcoal, finuly 
ground cinnabar, ground parts of plants, tiiio earlli, or, best of all. of the pignicjit 
grumih^s of the i horoid, observed to go on for days together, aro rapidly arrested by ji 
neutral sulnt ion of quinine, and the particles aro thus cansiid to subside. A neutral or 
slightly liasic .solution of quinine, even in very small quantities, is nearly as powerful 
in causing this phenomenon of subsidence as alum, more|>ow’erful than alum iieutraliKuil 
wilJi sodium carbonattJ, and still more so tlian the other officinal salts of the alkaloid.?. 
•Slight alkale.si^oiico retards tlic proco.ss. It has but littlo influonco over tlio movomeuts 
of powdered gambogt!. 

Quinine also pos.ses.^os in a remarkable degree the property of preventing the oeew- 
Yenco of certain forms of decomposition. It materially retards the conversion of ciino- 
sugar into glucose, and checks tbe acid fermontation of flour. The effect of quiniim 
salts, however, in checking acid fermentation • does not appear to b«' <luo to any 
peculiar propm’ty of the quinine, but to the fact that it,s neutral salts give off 
Siilphiite of quiiiino clieck.s tho process, but not to a materially greater extent than 
the corresponding potassium and sodium salts. On tho other hand, quiuiiio hydro- 
chloride, like potassium or sodium chloride, rather hastens the process. 

Quinine has no effect upon the .saccharifying lUJtiou of saliva; but it energcticully 
checks putrefaction, alcoholic fermentation, and tho formation of lactic and butyric 
acids by the fermentation of sugar. 

According to von IJocck, tho lessened rate of dest ruction of albumin in tho living 
l)ody caused by quinine must bo ascribed to its direct iiiffuenco ujx>ii (vogetntivo)efilb. 
Tlio contents of the rod blood-corpuscles appear to bo influenced by quinine in n 
similar iimimer. Quinine is. also a muscle-poison (O. Biriz. N. Rep. Pharm. xxi. 407.)- 

Oil the InJhicHCC of Quinine on Oxidation in the Blood., soo Blood (p. 197)- 


Oxidation and Venilrogenaiion . — Ci nchonino yields by oxidation two compounds 
containing nitrogen, ono of which is an acid, crystallisablo, and capable of forming 
bci^utifully crystallised salts, '.riiis ncid treated with nascent hydrogen gives^ up its 
nitrogen and ijecomc.s changed into another strong tribasic acid, free from nitrogen, 
crystallisablo, and very liko certain plaut-ncids in its general properties. Tho SMoml 
compound forrm-d by tho oxidation of cinchonino is also crystallisablo^ but it has not 
been much examined. 

These compounds are different from all the oxidation-products of cinchonino hitbnrw 
described. From their compasilion it seems to follow that cinchonine Jj 

composed of two atomic groups, ono containing C* tlio other C“ ; and tliat the aci 
whoso nitrogen is remorcd)le is derived from tho C" group, the other 


■^jvhich also cont.,'iiuK the sumo number of carbon-atoms us chinoline (H. WeideJi ■ 
Chem. Gc 8. Ber. vi. rtSS). . 4 h 

When q u i n i 11 e is distilled with zinc and zinc-sodium, a distillate 7 the 

is free froin nitrogen, and smells like cumin oil, while sodium cyanide is found m 
residue. Similar results aro obtained "writh cinchonino (J. Bocko^ ibid, 
Hydrohromidee of Quinine and Cinchonine. Neutral 
hromid^f C®®U?*N®0'‘'.2lIBr -f 3H.*0, is obtained by mixing 10 m a 

sulphate with 60 parts alcohol (86 p* c.), adding tho mixture, after 
solution of 8 parts potassium bromide, 20 pirts water, and 10 parte dilute.v^Wp^^o 


acid(l mol: 100), heating the whole to boiling, flltenDg after a faw ,n*Tf 

then evaporating a little. Part of the salt then crystal! isos oil cooling andvtegJ^^ 
boobtained by leaving tho solution to evaporate. It forms white, opaque 
nacreous crystals, very soluble in water, and in alcohol, and ^ving aU 
A baste salt is obtained by using 6 parts potassium bromide at3id d’.:.|^ 
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BulphuTic acid (1 : 100) to 10 parts quinine sulphnto. It is likewise formed from the 
neutral salt by dissolving 1 part of tiio latter in 10 parts of dilute alcohol (equal 
volumes of alcoliol and water)* mixing the warmed solution with ammonia to slight 
alkiilincj reaction, and tlion with a solution of ^ part of tho neutral Kilt. On heating 
tlui liquid to boiling and leaving it to cool, tho basic salt separates in radiate groups 
of crystals having the lustre of asbestos. It is very . soluble in alcohol, less soluble in 
water : the solution is alkaline. 

yentnd Cinchonine UydrohromiiU, C2®II2«N*0.2IIBr, may bo proiwred by double 
decomposition, better how'evor, by tho mcUiod described for the quinine salt (10 parts 
biisic einclioniiic sulphate, 50 parts alcohol, 8 parts potassium bromide, 10 parts 
water, and 20 parts dilute sulphuric acid); a small quantity of basic salt which 
forms at tho same time, must bo removed by filtration. Tho neutral liydrobroinide 
forms rhombohodral crystals, very soluble in water and in alcohol, but less so than 
the qniiiiiio salt; it lias an acid reaction. A basic cinchonine hijdrobromitle is prepared 
ill the same maniior as tho corresponding quinine salt. The evaporated alcoholic 
soliil.ioii is mixed with a little -watcT, and the salt which separates is crystallised from 
hot water. Or J of a solution of tlio neutral salt is neutralised with ammonia, and 
the romainlng third then added. Tho basic hydrobroniide forms long shining noodles 
wlikli dissolve easily in alcoJioI, and have an acid reaction. 

Muhilihj of Cinchonine in Alcohol and Chloroform. — Acconliiig to Oudemnns 
{Zeitfichr. anut. Clwm. xi. 287) ciiulioiiino is much less sohiblo in pure alcohol and 
luiro chloroform tlian in mixtures of the two. At 17® a mixture of 4 parts alcohol 
and 1 part chloroform takiis up a nuiximum quantity, which is seven times as largo 
as that taken up by absolute alcohol, and twenty times as largo as tliat dissolved by 
pure chloroform. ^ 

• Quinine Sulphates. Normal quinine 8id2ihate crystallises from water with 
7jir-0 ; prohjibly, however, it contains SH^O, but is very efflorescent ; from alcohol k 
cryst al Uses with only 211-0. 

Mono-acid (juininc sidphaic contains + 71 PO. Six-sevenths of 

flu* water of crystallisation is given off in the exsiccator; tho hist sovonth at 100®- 
110°; the salt dissolves in 11 parts of water at 13®, and is less soluble in alcohol 
7/«? di-acid sulphate contains + 7H*0 (Hesse. Ann, Ch, Pharm 

clxvi. 217). 

Clnohonldlne. For the optical rotatory power of this base, Hesse finds the 
loiJfjwiiig values : 

Oy — — 112*49 for tho base dissolved in alcohol, 

“ 178*47 for that contained in the sulphate dissolved in alcohol. 

Tim ])r{'seneo of free sulphuric acid slightly diminishes the rotation. 

J'or Iho hydrochloride : 


— 162 in alcoholic solution, 

— 169*29 witli excess of acid. 


Tlie hi/drochloride crystallises in monochlinic double pyramids containing 1 mol. 
water ; this form is not exhibited by the hydrochloride of any other cinchona alkaloid. 

solution at a moderate heat, or by crystallisation from a very 
( onoMitratcd solution, asbestos-like crystals of a dihydrato, C®*'ll«N*O.HCl + 2H-’0, are 

cons'^leiablo time in tho mother-liquor, gradually 
hydrita^*^’ ^ solution afterwards deposits tho more compact crystals of the mono- 

crysUUiswl from alcohol has tho composition 2C“H«N*0. 

from"!Srn«"i (Hewo). C“H«N‘0* This alkaloid may he prep.w>d 

100 depending on tho difficult solubili ty of its acid tarteato* 

Kr„a7s nf "?* dweplved in 200 grams of water holding in solntion 00 

‘lnys A ft»d the liquid, after brisk agitation is set aside for several 

'lissolvL^ ?««ss of crystals then forms which is to bo .jrossed between folds of linen, 
tnrtratc of nn; Weight of water, and the solution filtered while hot. Acid 

1872,^152^^*”^ crystallises out, and is easily purified (Do Vry, Chem, 

(Awm, Chem, Pharm, clxvi. 287) the product thus obtained con- 
fj«inidiii« iyihv tartrates of several cinchona alkaloids, from which however the 

^is-solving the reciystallising the crude product fJrom boiling water, 

B resulting crystals in hot water, and neutealising with ammonik Tho 
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solution on cooling doposit.s neutral tartmto of ciiichonidiiie, sometimes mixed M'lth 
neutral tiirtrate of quinine, ■while the quiiiidiuo remains in tlio mother-liquor, and 
muy bo precipitated thorefroin bj* heating "with polnssium iodide. 

For the optical rotatory power of quinidine Pa,.steiir found Oj. = + 2dO*7d at 13° 
which is equivalent lo Cy + :J27. According to He.sso, it is much smaller, viz. 

= + 260'G(). 

The sulphate 2C-®Ii‘**N-0’.=ir\S0 H- 211-0, gives for the alkaloid contained in it 
nearly the same value, viz.: 

a., +261-18, 

tut in presence of 1 and G iiioIlvuIcs c»t‘ acid, it gives the values: 

oy - +a23-06 

and Oy ^ +;i24-o4. 

The hydrochloride gives for the rotatory ]^owcr of the alkaloid contained in it: 

In alcohol ie solution ...... ay = +270‘03 

111 aqueous solution with exco.ss of dilute acid . ay » + 3r2'47 

Dissolved in fuming acid . . . . «y == +2d7‘52. 

Quinlolne and Clnoboniolne. These bases, isoinoric with quinino and ciiiclia* 
nine respectively, were discovered by Pastour, wlio obtained them by heating the 
sulphate or other salt of quinine, quiiiidino, cinchonine or rinchonidine. Ho ob- 
served, however, that to make the transformation complete, and prevent dcconipoiii- 
tioii, the heat must be moclerato and the suit must be kept for somo time in a viscous 
or resinous state, and that the change i.s best effected by heating the sulphate to 120°- 
130'^ with a little water and sulphuric acid (i. 971 ; v. 13). These observations havo 
lately been conlirmed by D. Howard (67/m. Soc. J. |2] x. 102), who finds that tlia 
action of heat on a solution of a salt of cinchona alkaloid in water in sealed tubes, 
oven when expased to a higlicr tciin)erature than is required under favourable circum- 
stances to convert it wholly into the isomeric modification, is very flight indeed ; if 
liowovor, a considerable excess of Jicid be prosont, the alkaloid, is, under the same 
circumstances, slowly changed, but fur Ic.ss readily than w'heu Pastour s conditions are 
observed. On the other hand, a mixture of glycerin and neutral cincUoiduo sulphate 
exposed to the needful licat, is convertod into sulphate of cincliouicino at the same Rite 
as with a mixture of the salt with /icid. Quinine sulphate when heated with glycerin 
showed no sigii-s of the formation of quinicinc, owing apparently to the slight solubility 
of the salt ill that medium. 

The change iu the alkaloids is accompanied in all casc.s by the development of a 
yellow colour, wliich seems inherent in tho resulting alkaloid ; if more heat is used 
1 h:in is ab.solutoly needed, especially when atmospheric air is present, a furtlier decom- 
position takes place, with formation of a darker colour; this may be in groat part 
prevented by heating in an atmosphere of carbonic anhydride. 

Quinicino i.s contained in tho impure quinine salts wduch ciystalliso from the 
mother-liquors of Hie manufacture of quinino sulphate, and is most conveniently pre- 
pared by purifying the alkaloids contained in the mother-liquor from tho recrystalli- 
sation of thx).so impure products, by solution in ether, then evaporating tlio ether, dis- 
solving the residue, together with oxalic acid, in the smallest possible quantity of ■water, 
and leaving the solution to crystallise. 

Tho Uiso separated by potash or soda from tho oxalate thus obtained is a yellowish 
oil, which cannot bo obtained pure in tho solid state, for it will not bear heat without 
.d^omposition, and holds water too strongly for drying in a vacuum. It has a peculiar 
bitter taste, much less intense and permanent than that of tho other cinchona-alkalmds; 

IS very soluble in alcohol, soluble to a large exteut in other, from whicli it 
as an oil when "the ether is allowed to evaporato. It is a strong base; the salts ore 
neutral to test-paper ; a small excess of the base strongly restores tho colour of redj 
denod litmus. Ammonia precipitates its solutions but imperfectly, w'heoco it would 
appear to be oven a stronger base than quinine. 

Chlorine-water, followed by ammonia, produces in solutions of its salts, tho, green 
colour and |>rocipitate of dolloiochin which distinguishes quinine and quinidine. SWMag 
acids, even in the cold, produce a change of colour, and even when diluted with ft o®®’ 
siderable quantity of water ; heat renders the action much more rapid. Thiscol®*’^ 

. tion... is, strongest when nitric acid is used, an excess of which, with the aid of hesti 
developes a strong yellow -green colour, oven in n weak solution. In t his raac^iow* ^ 
well as in the persistent colour of its salts, quinicino shows a strong pesemhlftno^ 1® • 
aricine. ; -7 

Quinicine salte are very soluble and difficult to crystallise, but the platino-ehkj^ 
oxalate»^A&d acid ta-rtrato, crystallise with comparative fneility and ■can 
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pure. The sftltfl of quinieino prepxred from quinine are exactly similar in their pro- 
perties to those prepared from quinidinn ; iu fact, there is but one quin iciuo, from wliich- 
tvor of the isomoric bases it is derived. 

jpUiinO'cMoridef C-''fP*N*0*.2HCl.rtClS precipitated from a hot solution, forms 
a cr>>nlliin; powder; fTOm a Jiot acid .solution it. sepnutes, on cooling, in (lefinito 
i-n’snils. Tlio oxdttte 2C'®H-*N-0-.C-Il*()‘ -i- 9H-0 crystallises easily, but is difficult 
to* purity completely, on account of tho faeilit}- witli which it ehaiiges under the in- 
fluence of air, ligllt, or heat. It is extremely soluble in water, the wet crystals melt- 
inf; ut 100°, but much loss so in cold water ; insoluldo in etlier, but very soluble in 
alcohol, a 11(1 to a loss degree in araylic alcoliol, from hot coiicoiitraltid solutions in 
cither of whicli solvents it crystallises freely ou cooling. The water of crystullisatiou 
is p'irtially given off in vaevo, and entirely at 100° after previous drying; if tlio salt 
is at. once heated to 100® without previous exsiccation, it is apt tf» fuse. 

Tho acid Im'traie^ C-'®ir-'N*0-.C'II“0'’ t- 611*0, cry.sbillises freely from strong solu- 
l.ioii.*: ill radiated needles, which moll, easily at 100°. lly gradual drying at about 50° 
It, losi's 4 mols. water, and ut 110° the remaining 2 mols. are expelled, with fusion 
and slight discoloration. 

'J’hc sulphate, citrate, hydrochloride, phosjduite, ami acetate arc all exceedingly soluble 
III water; on evaporation in vacno they form semi-crysbillino ma.'JSe.s. I'lio hydro’ 
h'omide. and ftrrocyamde obtained by double decoinpfisition fonn oily stratii at tho 
hottoni of tlui solution, soluble in an additional quantity of M'ntcr, but sliow no sign of 
I'lystallisfitioii oven on long stanrling. The hydriodidc also forms an oily stratum in 
strong snlut.ious, but on standing it becomes Bomi-solid by formation of crystals; 
wc.'ikcr solutions also depo.«it a small quantity of fhKvulent cry.stals, but in neither case 
can they l)c sotxiratcd from the mother-liquor. The aulphocyanate also forms an oil 
when in concentrated solutions, but crystallises J rom a somewhat larger quantity of 
wjitor ill long silky needles, almost white, very soluble, and readily decoin|X)scd by 
heat. 

The leaves of Cinchona .mccimhm have been found by .T. K. Howard to contain 
nilmito qunutitios of an alkaloid which is soluble in ether, and is precipitated in tlm 
ciysLilJine form by an alcoholic solution of oxalic acid. Whether this alkaloid is 
identical with quinicine must be decided by further investigation. 

Ciiiclioniciiie and its salts are i^ory similar to quinicine and its salts; the base is 
.‘loliibh' ill ether, separating, like quinicine, as an oily layer tit the bottom of the solii- 
tiduas tJio ether evaporates. Its .salts are somewhat more soluble than tho corres- 
j Gliding quinicine salts. The same similarity is observed between those prepared from 
l iiu-honino and tlio.se from clnclionidino that is found between tho salts of quinicine 
pivjt.'ircd from quinine and from quiiiidinc. 

Tlu' platimcUoride has the composition C“IP*N*0.2IIG1.PLCI*. 

The oxalate, 2C*W^N*O.C‘*H*0^ + 7H-0, differs from the oxalate of quinicine by 
('omaiuiiig only 7 mols. of water ; it very readily loses a portion of this water, and is 
tluToforo difficult to dry for analysis; tho whole is given off at 100°. No definito 
point of hydration i.s reached by drying in a vacuum. It is somewhat more soluble 
thill the quinicine salts. 

TJio acid tartrate, 0"®H®^N*O.C‘H*0® + H*0, crystallises in crusts composed of 
sliiat prisms, which lose their water at 120° without fusion. 

Tlio action of these al^loids on polarised light also shows the identity of tho 
Jilkiiloiil produced by the action of heat on the isomeric alkaloids, tho different 
iwiioii on tho polarised ray disappearing with the other characteristic distinctions. 
Quinicine, either from tho strongly lovogyrate quinine, op from the dextrogyrate quiui- 
dino, exhibits a comparatively feeble right-handed rotation, identical within the limits 
ol errors of observation. 

^ ^Ihe observed molecular rotatory powers of these alkaloids for tho yellow ray are as 

la a spirituous solution of the alkaloid — 

Quinicine from quinine gives . 

Quinicine from quinidine 

Quinicine from quinoidino 

Oxfdato of quinicine in an acid solution — 

Prepared from quinine . 

Prepared from quinidine 
■ Prepared from qninoidine 
Cinchonicine in a spirituous solution— 

Prepared from cinchonine 
Prepared from ciochonidino • 


. oy =■- 
. By ^ 


. By = 
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Oimlate of ciuchonieina in an acid aoliitjon — 

From einchonino . . . . . Oy ■» + 18^ 

From cindionidiiio . . . +17‘9® 

Tho rotatory power in botlicaBOS is much loss in an acid solution tlmnin a spirituoua 
solution of the alkaloid. 

Amorphous Alkaloid of Cinchona hark, — It is not known with certainty 
wlietlicr this alkaloid, sometimes callod quiiioidiuo (v. 26), is qulnicino or another 
alkaloid really uncrystallisablo. Hitliorto tho most careful purification lias fiiiled to 
obtain crystalline salts from it such as have boon described. 'VVhon quiiiicino is pre- 
sent, it will, as lias been stated, crystallise out of the mixture, but tho bulk of tlio 
qninoidine, however carefully purified, refuses to crystallise, oven after many months’ 
standing. It seems liighly improbable, though of course it is i>ossiblo, that this Id 
owing to some impurity which hinders the crystallisation : for wo find that quinicino- 
salts prepired from crystallisablo alkjiloid erystsilliso entirely with comparative frei?- 
dom, even wlien the heat used in its formation has boon considerably above tho point 
needed, anil snflieient to decompose a portion, and Micro is no sign' of any amorphous 
mollification being formed. 

Quinoidlne e^>.^L■ly. resembles quinicino in other respects. When purified, iis far as 
pos.siblo, by fractional precipitation and solution in ether, it forni.s a readily fusible 
yellow resin, 'riio plat inoclilorido precipitates as an ninorphon-s powdei*, readily fusible, 
slightly soluble in hot water, and imicli more so in hot dilute hydrochloric acid, from 
its solution in which it is deposited, on cooling, as an amorpliou.s powder ■which, under 
tho microscope, appears to consist of globules without an}’ sign of crystallisation. 

The salt precipitated from a cold solution contains 26*, '>9 p.c. of platinum, and after 
Bolutioii in diliili; acid 26*28 p.c. ; it is, therefore, isomeric with quinine and qiiinicinfi. 

It is difficult to .speak with certainty of tho optical properties of this nlk.-doid, on 
account of the great difficulty of insuring absolute purity from tho other alkaloids of 
higher r'>tatory power, a V(3ry small percentage of which would evidently vitiate tho 
results. Tho s]>ocimcn, tho analysis of tho platinum salt of which is given above, 
showed a speeitic rotatory power of + 83° ; other speeiraeus gave higher results, but 
their purity was more doubtful (Howard). 

See furtliup, Hesse (Atm, Ch. Pharm, clxvi. 273). 

Qulnamlnef C'-®n®*N'0-. (ilcsso, Bmit, Chem. Ges. Her. iv. 985). — This alkaloid 
occurs, togfither with piriciiic and several others, in the bark of (Hnchona snetAmbra, 
now extensively cultivated in India. The quantity of it contained in the bark is, how- 
ever. extremely small, so that its preparation is very difficult. 

Tho whole of the alkaloids contained in the bark are first extracted by the ordinary 
method.s, then dissolved in dilute sulphuric acid; the warm solution is neutralised with 
ninmonia, and potassio-sodic tartrato is' added, which throws down cinchonidine and 
quinine, if present, in the form of neutral tartrato. Tho filtered solution is, treated 
with anmionia to liberate tho bases, and then shaken with ether, which takes up the 
quiiiamine, togethor with tho amorphous substances, including parioinn, but loaves tho 
greater pjirt of tho cinchonine undissolved. Tho sepirated ethereal solution left to 
evaporate slowly in a tall gla.s.s vessel, first deposits short prisms of cinchonine, then 
very’ long delicate prisms of quinamino, and finally leaves an amorphous mass ■which 
must 1)0 removed as completfdy as possible by inverting tho vessel while it is still fluiu* 
afterwards breaking off tho nock, and removing the adhering amorphous particles from 
the sides with filter-paper. 

Tho crystalline mass thus obtained is rinsed with dilute alcohol, tho residue dis- 
solved in dilute hydrochloric acid, and platinic chloride added as long as it produces 
n permanent precipitate. From this precipitate tho quinamino may be directly seps' 
rated by ammonia ; but it is better to remove tho platinum by hydrogen sulphide, apu 
tlien, a^r expelling tho excess of that gas, to precipitate tho quinamine by nmmoniftj 
It is finally purified by rccrystallisation from boiling alcohol. Tlie quantity pbtoinoa 
is for tho most ])a.rt very small, rarely amounting to 0*1 p.c. of the liark ; in one enso, 
0'3 p.c. was obtained. 

Quinamino crystalli.scs in delicate, asbestiform, anhydrous prisms, easily scduhle,*® 
strong alcohol, ether, and light petroleum oil, slightly soluble in dilute alcdhw, i**’ 
soluble in water and in alkaline solutions. . Its alcoholic soliition is alhflline ft® 
neutralises acids. Quinamino melts at 172° and crystallises again, on 
radiated masses. Continued heating, however, renders it brown and amorph®!^^ '■ 
optical rotatory power is tty «= -f- 106*8. 

Sjifdr^ide of guinaminc^ forms colourless anhydrous 

soluble in boiling, sparingly in cold w’atcr; tho neutral sulphate is easily 
water and crystallises with difficulty in six-sided prisms and shwt 
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brdrochloride, acotato, noutral and acid tartrate, nicivuro-chlorido, mcrcuro-iodide, and 
auro-chloride, are nniorplious ; the platino-clilorido is extremely soluble in water, so 
that it is only in very highly concentrated solutions of tlio Jiydrochlorido that a pro- 
cipitiite is formed by phitinic chloride. 

parlclne (Hesso, Jnn, Ch, P?uirm. clxri. 263). — This alkaloid, first found by 
Winkler in 1845, in a false cinchona bark said to bo imported from Pern, afterwards 
ill the bark of a true cinchona, viz. C. bika, occura also in tlio hark of C. succirubra. 
When tlie alkali.s have boon sopanitod from tJiis bark in the usual way, and tho aqueous 
Bolul ion of tlio mixed sulphates is treated with strong nitric acid, parieiiio nitrate is 
thrown down in yellowish Jlocks. Tosoparnto tho base, this iirecipitato, which becomes 
rt sinoiis, is knearlod with nitric acid, the mass drenched with alcoliol, ammonia addcil 
to decompso the nitrate, and tho solution trcatc<l w'ith hot potroloum oil, whicli 
abslriicts the alkaloid from tho alcoholic solution. Tho petroleum oil is tJien evapor- 
ated off, the residue dissoh’cd in dilute hydrochloric acid, an<l the solution, after puri- 
lication with animal charcoal, is mixed with ammonia, which throws down ayellowish- 
vhito llocculent precipitate of pnro paricino. 

l*ariciiic dissolves easily in ether, alcohol, and light. petTOleiim nil, but is •nearly 
in.'^oliible in w'aterand ammonia. It cjikcs together at 100“, and melts at 116°. It 
dis.solv(S easily in strong sulphuric acid. Htroiig nitric acid eonvort-s it into a dark- 
^rrciii nsin, which dissolves with deep j-ellow colour on w'arriiing. Its solution in 
iicetic acid gives, with nitric acid or sodium nitrate, a yollow'ish-whito precipitate of 
paricino nitrate. Tho same solution gives pi*ccipitsitcs with sodium elilorido and 
polassinm iodide. Tho chlorides of gold, mereur}% and plntinum produce tloceuleiit 
pircipitatos in ilio solution of paricino in hydrochloric ai-id. 

Paricino has not yet boon obtained in sufficient amount for qiiantitativo analysis. 

Aricine. The cxi.'itenco of this alkaloid, obtained, according to Pollctior n. CorriqJ, 
from a while cinchona bark from Ariea {Ist Sujrpl. 357), is regarded b.y llcsso us still 
iloiibtM {Ann, Ch. Vharm, clxxvi. 250). 

Paytlne, IIobso (Ann. Ch. Pharin. cliv. 287 ; clxri. 272). Tliis is an 

alkaloul obtained ftoin a white cinchona bark from Payta in Peru. It i.s prepared by 
(ixliausLing the bark with alcohol, evaporating, supersaturating the residue with sodium 
carbonate, and then agitating it with other. Tho ethereal solution is treated witli 
dilute sulphuric acid to convert tlio baso into a sulphate, aD<l the acid solution, after 
being nearly neutralised with ammonia, is mixed with potassium iodide, whereby tho 
hase is precipitated as a hydriodido, whicli is decomposed by sodium carbonate and 
agitated witli ether. On leaving the ethereal solution to evaporate, the liaso remains 
ill beautiful crystals containing C“*H**N*0.H*0, 

Paytiue has a bitter taste; it is not poisonous; its optical rotatory power is 
tty = - 41)'5. It dissolves easily in ether, benzene, chloroform, light petroleum oil, 
and alcohol, sparingly in water, potash, and ammonia. Prom alcolud it cr}'stalliso8 in 
beautiful colourless rhombic crystals oxhibiting tho combiuation.s OP . ooP . ooPoo , 
with m Poo subordinate ; the alcoholic solution reddens blue litmus-paper. Paytino 
melts at 156° and at a higher tomporaturo gives off a colourless oil, and leaves a 
carbonncoous residue. When distilled with soda-lime, it gives off .a non-azotisod body, 
pay to no, which sublimes in colourless laminae or needles, dissolves easily in alcohol 
and ether, and reacts indifibroatly Avitb dilute sulphuric or nitric acid, potash -solution, 
and alcohol. 

Paytino forms salts with dilute acids. Tho hydrochloride^ C**IF^N*O.HCl, forms 
culijurloss prisms soluble in 16^6 parts of water at 15°; it is easily solublo also in 
alcohol, but insoluble in eUier. 

The platino-chloride is a dark yellow amorphous precipitate which must be rapidly 
filtered and washed, as it is very liable to decomposo. 

The 'tnercurthchloride is a yellowish amorphous ]^wdcr. The hydriodido crystallises 
in wdilte prisms soluble in water nearly insoluble in alcohol. The nitrate crystallised 
in nei^lcs, and can be prepared only by double decomposition with tho hydrochloride 
'■md silver nitrate. 

Paytino gives various coloured reactions. The platinum precipitate, heated with 
nyd^iloric acid, dissolves with brown-red colour, quickly changing to blue, a blue 
precipitate being formed at tho same time ; auric chloride colours the solution of tho 
lydrochloride purple-red and forms a precipitate of the samo colour, Solution of 
bleaching powder produces in the acid solution, first a dark red, then a blue colour, 
which quickly disappears, tho liquid tlion turning pale yellow and depdsitiog a whit j 
Amorphous body. 

White cinchona bark yields also an amoi^hous alkaloid which Hesse regards aa 
uaorphous paytine* : 
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CXmrAMXG ACZDf is formed by boating benzoic aldehyde iwith acetie 

acid and a small quantity of gasuous hydrogen chloride, or with zinc chloride,. to 160*^; 

C’I1«0 + = C»H«0» + H“0. 

Tho quantity of cinnamic acid thus obtained is but small. If a larger quantity of 
hydrochloric acid is used, or greater heat ajjplied, a certain quantity of inctacinna- 
mono is always formed by tlio action of the liydrochloric acid on Iho cinnamic aciU 
(IT. Sebilf. ZeUschr, J\ (jhem. [2] vi, 700). 

Crude cinnamic acid x)rcqxircd from storax alwa^'s cont ains a rosin, sometimes also 
benzoic acid. It may be pui'iliod by adding wsitcr and ammonium carbonate, stirring 
the liquid, leaving it to stand for some time, then precipitating with hydrochloric 
acid, and distilling the drioil precipitate. Ilenzoic acid then volatilises lirst, and after- 
wards (between 280° and 200°) cinnamic acid, which may bo freed from au adhering 
oily substance by prtjssure between filter-paper, or rccrystallisublo from alcohol 
(Beilstoin a. Kiihlberg, ZeiUchr,/. Chrui. [2] vii. 489). 

Sitro- cinnamic acids. — Oimiamic acid yields two isomeric iiitro-acids which 
may bo obtained from it hy tho action of fuming nitric acid. The para-€uiid is easil) 
obtained pure, and it is very sparingly soluble in alcohul. It forms slendor noodles 
m(3lting at IGd^. Tho other modification is much moro soluble in alcohol, and was 
formerly mistiiken fur a mixtiiro of benzoic acid, nitrobenzoic acid, and other oxidn- 
tion-x)ro<lucts of cinnamic acid. 

The barium salt of the para-acid^ Ba[C®H*(NO-)0'^]- + 311*0, crystallises from water 
in inioroseopic yellow needles, spiringly soluble in cold water, aud giving off nearly 
all their water over oil of vitriol, the lust portion (AH*0) at 150°. The calcimi salt 
Ca[C“H'*(NO'“)0*]* + 211-0 forms short flat shining needles. The eihylic ether 
C"II‘'(N0-)(C-H*)0- crystallises from alcohol in fine, very thin, slightly yellowish 
needles : it melts at 138-5° (at 1 3G° according to MitschoiTieh), dissolves very slightly 
ill boiling ether, scarcely at all in cold other. 

By dissolving para-nitrocinnamic ackl in sodium carbonate and ijassiiig chlorine into 
tho liquid, /3 niiro-phmyl-cMorolactic acid C®H’*(N0*)C10“ is formed ; this acid melts at 
1GG°, and is more solublo in water and more stable than chlorophcnyl-lactic acid 
(Boilstein u. Kuhlberg), 

yitro-hydrocinnamic acid^ which, according to Glaser and Buchanan, softens 
wlien heated, and becomes perfectly liquid at 153^, is a mixture of tw^o isomerides, of 
which tho ivara-aeid can bo easily obtained pure by reciystallisation from water, being 
li'ss solublo than tho other uitro-acid. It forms small fiat noodles molting at 163°- 
1G4°. Tho barium salt of tho exudo acid forms a semi-fluid mass, whorcas that of tho 
pure para-acid crystallises in microscopic needles, containing, like the calcium salt, 
2 moloculoB of water. The ethylic ether C*H®(N0*)(C*H‘‘)0* forms long, flat crystals 
melting at 33°-34°. 

Para-nitro-cinnamic aud para-nitro-hydrocinnamic acids are converted by oxidation 
with chromic acid mixturo into para-nitrobenzoic acid (Beilstein a. Kuhlberg). * 

CZTXACOmC JlCXSi C^IPO^. Barium salt , — When nputral ammoDium citra- 
conatc and barium acetate are niixod together in the cold, an amorphous pmcipitato 
is thrown down, which becomes cry,stallino by prolonged heating. The same salt is 
ubtainod by heating aqueous citraconic acid with barium acetate. In the cxystalline 
slate, it is quite insoluble in water, and has tho composition 2C*H*Ba0^6H?0 
(Kaniinorer, Ann, (Jh, Pharm, clxx. 191). 

Brominated Derivatives. — Citraconic anhydride heated to 140® ‘with diy 
bromine, is converted into bromocitraconic anhydride, C*H*BrO*. Tte 
compound is produced, together with ^romoxaform (p. 213), by tho action of 
on pyrotartarifi acid. Tho action is very slow nt ordinary temperatures, but whw 
10 parts pyrotartaric acid, 24 parts bromine, and 10 cub. cent, of water aw hasted 
together to 120°, tho bromine disappears after two hours, and on cooling, !* 
obtained a pale yellow liquid and usually a white ciystallino mass of bro]nodti^®||® 
anhydride. On mixing the liquid with 4 or 5 times its volume of V^tor, 
bromoxaform sopanito after a while, and tho liquid filtered the^bfrom 
agitation with ether, an additional quantity of bromocitraconic anhydrid^. ^ 
r<xjrystallisatiou from water, pressure, and final crystallisation teem 
obtained in the form of white crystals. Its formation appears to. be 
splitting up of dibromopyrotartaric acid (the formation ofwhi^ has notfrhoWSfMJ?**" 
actually observed) according to the equation: ' 

C»jX«Br*0* = C»IPI3rO» + HBr + H*0. 

It is also formed, together with a dark-coloured unctuous substaneOf - 
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tiiric acid is Iicatod to 100'’ with dry bromino (Lagcrmarck, Zetfschr, f, Chan, [2] vi. 

"^^BromocitracoTiic anhydride melts at 07®-98®, begins to volatilise a litflo above its 
melting point, distils with aqueous vapour, and boils without decomposition at about 
200° (Lfigcrmarck), 225° (Kekul6). It is soluble in water, hydrobromic iwid, alcohol, 
ctlior, carbon sulphide, and chloroform, and ciystallises una Ltcrcd ftoni liyd robromic 
ai id, ether, or carbon sulphide, in Lirgo six-sided apparently rhombic plates (L,agcr- 
luiirck). It dissolves slowly in cold, quickly in warm water, with formatioJi of In-oiiio- 
citruconic acid, C’lPBrO^ ; but from boiling water it separates wiiliout alt i ration in 
sliining lamina) ; this results from the facility with which bTOuiocitraconic acid splits 
lip into water and the anhydride, this decomposition taking place even when the acid 
is evaporated over oil of vitriol (Kekiile). 

When bromociti'aconic anhydride is heated with water and sodiiiin-amalgani, the 
liquid contains pyrotartaric «acid, together with the unaltered anhydride (Liigcrninrck). 

Ammonium BromocUraconaiet C‘*lPBr(NH*)*0*, is anliydrous, easily soluble in water, 
insoluble in ether and in absolute alcohol. The ‘potassium salt C‘’n'‘BrK-()', is a 
white deliquescent mass insoluble in absolute alcoliol. The barium salt CMPBrUaO' 
furins tufts of microscopic prisms; the calcium salt C^H^BrCaO^ + 2H‘0, gives oft' 
jMirtof its water at 140°, the rest at 160°, and remuins undeconiposed at 180°. The 
aih'cr .salt C*II“Ihv\g*0^ is formed as a white, quickly crystallising precipitate, wlieii 
ji solution of bromocitraconic anliydritlc, neutralised with nniinonia, is mixed with 
silver nitrate (Kcknli). i^ccording to Ijagermarek, it blackens at 100° and tiiiais 
tliiik liro’wn when boiled with water. 

By the action of bromino and water on iij-rotartaric acid, Lagcrmart k obtsiined, 
Lesides bronioxafonn and bromocitraconic anhydride, a nearly colourless aciil which 
jif^reuO very nearly with bromoeitmconic acid, but could not, be obtsiined pure. It 
melted more easily, and decomposed at the boiling point of the sinbydridc. A tarry 
liubstnnco was also formed. 


CITRIC ACZ9| C“H"0’. This acid is found in largo quantity in .the leaves of 
Oio wild cherry, Ccrasus acida (Itochlodcr, Zeitschr. /. Chem. [2] vi. 176.) 

Citric acid crystallises from a solution which has not been Iicatod above 100° with 
one molccuio of water, which it loses in the air, or more quickly at 180°. Wlieii tlio 
substance dried at 130° is re-dissolvcd in -water, or wlieu an aqueous coucentruted 
solution of the acid is boiled for some time, anhj^drous crystals are obtained, w hich 
Jiiqiair to be an isomeric niodiftcation of common citric acid. By heating ordiinuy 
ethyl citrate, C®1P(C'^H*)’*0’, with alcoholic ammonia to 70°-110° for 24 liours, 
citra me thane, C“1I^(NH“)‘'*(C-TP0)0*, is formed as a dark green amorphous and 
liygi’o.scopic powder, which is soluble in water and alcohol, but not in ether, and may 
bo used as a colouring matter (Sarandinaki, Deut, Clmtu Ges. Jkr, vi. 496). 


Action of Hydrohromw axiid (Mcrcadante, Gazsetta chimica ilaltaita^ i. 248). 
AYluii pulverised citTic acid dried at 100° is dissolved in tlireo times its w'cight of 
bydrobroiiiic acid lioiliijg at 126°, and heated for 12 hours in a flask with reversed 
condenser, a crystfillino ijroduct is obtained, free from bromine, and yielding, when 
dissolved ill alcohol and treated with gaseous hydrochloric acid, a product which is 
resolved by water into a heavy oil and an aqueous solution of citric acid. No 
brom mated acid is oljtaiiied by this reaction. 

■. oil dried with calcium chloride and distilled, boils almost constantly at 275° ; 
® yellow, lias a characteristic aromatic odour, and yields by analysis 

numbers agreeing nearly with tlie formula of aeon i tic 
e til or which requires 55-81 0.. 6*97 H., and 37-22 0. Aconitic ether is said, 

owevor, liy Crsisso (i. 65) to boil at a much lower temperature, viz., at 236°, But 
preparing aconitic ether by saturating ii solution of aconitic acid 
orco 1 hydrochloric acid gas, obtain^ an oily liquid whicli b^n 
P«-f‘sed over for the most part between 270° and 276°, this latter 
*dl the characters of the product obtained as above by the action 
bv (h*iR citric acid. It is probable tliat tho aconitic ether examined 

the ^as mixed with itoconic ether, inasmuch as, in preparing aconitic acid by 
itaconic citric acid, it is impossible to obtain a product quite free from 

^iydri<^cocid on citric acid does not yiold definito results. Possaignes 
hydrochloric formed by boiling citrioacid for a long time with 

til ? ttconitic ncid by the action of hydiadds on citric acid consists in 
♦Jqimtions---^^ ^ water, and may be repremted by the following 
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CH'.COOH CH*COOH 

HO.iiCOOH + HBr ^ H?0 


Bf.C.COOH = UBr + 

c!iF.(joon. 

Bi'omotriciirballylic 
iicid. 

Aciion of Pcnmuganaics . — Citric tmitcd with potassium pcnniinganatf?, forms a 
solution wiiicli Icjivcs ;m uncrystallisablo s^'nip on evaporation. No acetone is formed, 
}is is the oasi? when eitrii.*: sieid is deeoiuposecl in prcsoiieo of free acid (A. Fleischer, 
Deni. CliGou Qis. Ikr. v. SoO). 

Diftfi)iHion of Cifric acid from other Jf'rmt-acids. .Kiimmerer {ZetLschr, anal. Chew. 
viii. ‘298) detcels citric acid in prcseuce of tartai-ic or malic sieid, hy moans of tin* 
barium salt, to bt; ilcwri bed further on. The solution of the acids is mixed with 
exce.s.s of liarinm aceUUc, .'ind the amorplious precipitate is heaUHl for several lioiirs 
with tlio liquid in a covorcil vessel on the water-bath. The pi'ccipitato, which is 
bulky at first, usually diminishes greatly in volume in about two houra, hecomiiiqf 
heavy and granular, and being completely converted into llio inici’OcryBtalliuc.sait, 
.nii**(C®lI*0’)^ 7IT-0. The liltratc, mixed with lead acetate, does not yiedd any 

precipitate of leail citrate. Any bases that may be present in the liquid, such as lime, 
iron oxidcr, &c., must be removed, and the filtrate neut ralised, before adding the barium 
acetate. Very dilute solutions must bo evaporated to a. small bulk, after precipitation 
■with the barium salt ; otherwise tho noeille-shnpotl salt + 6H-0 will 

bo formed instead of tho preceding. oO grams of a solution of 1 gram sodium acetate, 
(2Na*C‘^H^O’ + 11H'‘'0), mixed with barium acetate, did not give an immediate 
precipitiito ; but on heating the liquiil, an amorphous precipitate was funned which, in 
a short time became aciculo-crystallino, and after fiirt,lier concentration passed into 
the characteristic nionocliuic form. 

Neutral ammonium citrate a<lded to a hot solution of basic ferric cldoridc throws 
down a light yellow precipitate which rwli.saolv(!S completely in excess of tho citmte : 
hence it is that solutions of citrates often give no precipitate with ferric chloride. 
Sodium citrate reacts in the same manner as tho ammonium salt ; the yellow iron- 
4’<)mpound is often formed only after some minutes, and still increases after sevcnil 
hours. Hence it follows that citric acid and aconitic acid cannot bo distinguishod 
from one another by their behaviour with ferric chloride ; still less can they be sepa- 
rated by this rc-agemt, since tho ferric citrate precipitated is always mixed ■with 
aconitato (Kammercr). 

Ticad citrate, precipitated from the sodium salt until excess of lead nitrate, melts ni 
the boiling liquid t<j a single kueudable lump, which, on prolonged heating or on 
cooling, is resolved into ;i powder of Pb*(C*H*0^)® + 3ll*0, having a vitreous lustre. 
Diainnionic bartrato and tho corresponding sodium salt form, with load nitrate, pre- 
cipitates whicli luhavo in a similar manner when quickly heated. From malateof 
lead, tho citmte and tartrate differ only by not forming a clear liquid. however, 
tho malic acid is not quite pure, its load salt exactly resembles tho citrate or tartrate 
(Kiimmcrer). 

ExamtHatioii of Citric acid for CrgstoU of Tartaric acid , — Tho following 
this pm'posc aro given by Hager {Dingl. pclyt. J. ccii. 387): — 1. A solution of 4 
potassium hydrate in 60 c.c. water is mixeil with 30 c.c. of 90 p,c. spirits of 
poured on one or two glass plates, so that tho liquid stands not loss than 8 
Small and largo ci^stals of tho citric acid to bo tested are now placed in 
about 3 to 6 centimeters distant from one another. The plates are on no OOCOtW 
be disturbed. In two or throe hours the citric acid crystals ore noarlyi if ncAi?#*^ 
dissolved, and in each of their places is left a small, delicate, white, poird^:$f>?®“' 
Tho tartaric acid crystals, on the cf»ntrary, appear dissolved to a small 
wliitish and opaque, and with either an enclosure of whito acicular 
rounded by«m aggrognto of small crystalline groups lying ono upon 
citric acid crysbils, after being subjected for several minutes to 
alkaline solution, appear clearer and more transpiirent, tho tartarid 
and whitish. 


CJH.dOOU. 

Citric ncid. 


cir^.cooH 
i 


+ 15r.O.COOH 
omcooH. 

Bromotriearbttllylic 

Hvid. 

CH.C001I 

II 

acoon 

iip.cooif. 

Aconitic acid. 
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2, Tho crystals are placed, with the same precautions, in a dilute, transparent solu- 
tion of potassium permanganate, made strongly alkalino by addition of fused potassium 
hydrate. After one or two hours, tiirtaric acid crystals, which as a rule are not <}iiito 
dissolved, will bo found to have loft a yellow or colourless spot. Citric acid, on tlio 
contrary, gives a green colour, with a tinge of blue; the crystals are usually dissolved. 
Tl>o first plan is the best and safest ; in oil her case the inodo of procedure described 
must bo strictly adhered to, or tho results will bo considerably modified. Perfectly 
pure citric acid gives no whitish spots, but tho commercial acid never fails to do so. 

Quantitative estiinailon.-^ — J. Crouse {Pharm, J, Tracts, [3] ii. 347) gives a process for 
tlio estimation of citric acid, depending upon tlio precipibition of an alkaline citrate by 
iHriiim acetate, the resulting barium citrate being perfectly insoluble in alcohol of 
SP' ff**' ’805, while th(5 alkaline ^acetates and Ixarinm acetate are freely soluble in that 
liquid. The presence of airline acetates does not in any way interfere with tho 
reaction. It the citric acid is already in combination with an alkali, one or two grams 
ol the salt are dissolved in 20 c. c. of water, and the solution exactly neutralised with 
iiinmoiiiii or acetic acid u.s may bo reciuircd ; a slight e.xcess of barium acoUto is then 
iidded, and afterwards twice its volume of alcohol of 95°, Tho whole is then allow'ed 
to remain uiidistm'bod for 24 hours. The barium citrate, which at first resembles a 
tlii»-k jolly, has by that time become denser and easier to w'nsh. The precipitate is 
tlicri thrown on a filter, washed with alcohol of 03°, and dried at a moclemto heat. 

To obtain accurate results, it is iiccossiiry to estimate the barium in tho precipitated 
citrate. Ihe liltor is therefore burnt, and tho ashes, together with Hie precipitiito, 
gfiilly Ignited with a few drops of sulpliuric acid, until a constant weight is obtained. 
Lu;iy 111 rec molecules of barium sulphate obtained represent one molecule of citric 
acid. 

• Wlirn it is required to cslimato the citric acid of a non-alkrtlinc citrate, soluble or 
ellurwise, a cerUin weight of the salt is first heated carefully with a solution of 
c.iustic potash, the heat being applied long enough to decompose the salt thoroughly, 
lut not to such an extent as to alter the citric acid. Tho liquid is then filtered, 
.Hill nio liltrate, after neutralisation with acetic acid, treated as a solution of an 
nlkjilino citrate. 

citrates in wliicli an alkaline 
« la e playa tho part of a base, a certain metallic salt, the part of an acid: tluw, 

1 valerate of iron, &c., were found to dissolve readily in 
clLaZ/ftiL' afsata “““ " spociul 


(Kammoror, Jtin. Ck. Vkartn. rxlviii. 294 ; clxx. 176).— Tlio 
j'lT" 2N»’q-H*0' + l in»0, which Mually crystallMos in largo rhombic prisms, 
°otamed by Kiimmcrer in fine, silky, concentrically grouped needles. All 
tilt* nnri.** Hodio-potassic citrates by saturating citric acid with mixtures of 

out ...1 were unsuoc'esshil, the trisodic salt always crystallising 

our, Mhile the deliquescent tripotnssic salt remained in solution. 

Pfirium salta Tl-ir .. . 


a J.iriro nnnhf'f r • — ' •..IL V, ..uu, niacM ill uiu Wiiji 

MPff ’** =on'f®rto<l into tlio mierocrystaUino salt Ba»(C*IPO»)= + 

KT'iduallv uniformly thin, concentrically grouped needles. Tlie same salt is 

trifiodii* 1 microscopic, short, thick prisms, from a solution of 2 mols. 

"f W ater npfl .icctato in a quantity of water such that 150 grams 

wilt with . ■?! ^ barium acetate. By heating the pontahydrated 

preceding salts with aqueous ammonia, the hexbarie 
'I’ho same snh i ^ obtained in well-dcftiiod microscopic monoclinic prisms 

ncEtflt., «s an amorphous predpitnto on mixing free citric acid with 
Stront' ° solution diluted to the degree a^vo mentioiiod. 

«cot:ito aro^UsnW^ 1 *' ^ grams of trisodic citrate and 8 grams of strontium 

l^egins to form aftl^ ordinary tomporaturea, a precipitate' 

I’f'ttom of tho 1 • goes on increasing for several days, and settles at the 

coniposition ^ of microscopic needles' having 

^oiTiioiuH, (C*H 0 )* + It is not altered by digestion with aqueous 

pTecipitfit^**'^^. strontium acetate and j^ater^ the 
*?><Toscopp’fo pnnmjl'J «morphou8, becomes CTystailline, and eppear#nnder the 

tiou tablets. The salt thus obbiined lias the composi- 

8everairhour?i^f? Wlmn this salt is h& 

^ou with strong ocetic aciit lesidue conto^. short soics^osoc^ pmmi 
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having tlio same composition, 'while the acetic acid solution deposils the salt 2Sr’H* 
(C“II*0’)* + apparently in the amorphous state. 

Calcium salts, — By precipitating sodium ciWato with calcium chlorido, or satu* 
rating citric acid "with lime-water, a ijrecipit^te of the salt + 4H®p iy 

obtained which does not ajjpoai* distinctly crystallino under the microscope, but, when 
heated in the water-bath, is converted, without clmngo of composition, into. a nwss of 
transparent microscopic uccdles, Tho same change takes place on dissolving the 
innoqdioiis precipitate in acetic acid, and leaving tho solution to evaporate. This salt 
dissolves in arptooiis ammonia :in<l seporatos from the solution unaltored, oven: after 
prolonged digestion in th(5 water-bath. 

A solution of 1 part calciujii acetate in 300 parts water, mixed with half thequantity 
of sodium citmto nec.cssary to precipitate the wholo as tricalcic salt, slowly deposits 
the siilt ('a-'(G“lPO')- + 7ii'‘'0 in tho form of a procipitato having an almost gummy 
aspect, hut appearing under thu microscope to cousist of short prisms. It gives off 
4 mols. water over sulplmric acid, aiul 6 mols. at 210®. Tlie tetrahydrated salt hIx)yo 
described gives off tho wliolo'bf its w'ater at 200®. 

Maffnrsiuni salts. salt Mg^ar-’fC'-HWV + SIPO, or Mg®(CnW). 

+ 8II‘-0, is obtiincd by digesting a boiling solution of citric acid witJj 
excess of magnesium carbonate. By mixing tho solutions of m.ngnosiiim sulphate nml 
trisodic. citrate, or l)y boiling magiiosium mretato and citric acid together in alcoholic 
sidiition, the salt jMg’(C“ll'*0-)- + 911-0 is obbiinod in microscopic six-sided prisms, 
with pyramidal suinmit.s ; and by dissolving this salt in hot water and evaporating, 
oljliquo pri.sins arc oljtainod having the composition 2Mg®(C®H*0’)‘-* + IIH’O. 

By mixing magnesium acetate and citric acid in aqueous solution and adding alcohul, 
tlio salt Mg ‘(C" 11^0')- + 1 tlT-O <3cscrih(Ml by ITeldt (l.s^ Suppl. 998) is obtaiiunl us 
a tenacious preei 2 iitate,*whieh gr,'idiially solidifies to crystiilliiie crusts. 

Solutions of sodium citrate and magnesium acetate mixed and evamrated, yield an 
acid solution and a tenacious mass, which is very soluble in w'atcrand has an alkalino 
reaction. This solution, hoatid in a closed vessel, deposits a mierocrystallino precipi* 
tato cojitaining Mg"n*(C*lPO^)« + 13IPO « 4Mg-'(C«H^OO'^.Mg»H*(OHH)')- + 
13IPO. 

Trimagiiesic citrate di.ssolves in hot aqueous ammonia and separates from tho solii- 
tioii on evaporation us a crystallino prccipitito coiitainiiig Mg®(C*H*0’)® + OH'-’O, 
ri\ul the ill try to, oil further coiiceiitrut ion. yields tho salt + SlPO. 

or 2Mg»H‘^((M{'0- )2.Mg-'(C«TT‘0') + 311-6. 


Zinc salts. — The s.all. /jn‘’(C'*JPO')* + 2H®0, described by Heldt as a dystalliisfl 
powder, was obt lined by Xiimnicrcr in microscopic monoclinic prisms. A basic salt 
/.n"H^(C®H^O’)5, .similar to Llic bust- mentioned magnesium salt, was obtained by dis- 
solving the trimetallic salt in jiquci>us ammonia and ovaponiting. By prolonged con- 
tact with acetic acid it is gradufilly converted into tho crystallino trimetallic salt. 
I'rom all the zinc citratt s the zinc is but imperfectly precipitated by sodium carbon- 
ates, even after prolonged healing. 


CadniUim salts. — AVhon a hot solution of trisodic citrate is poiirod into tt hot 
.solution of cadniiuin snlphatij till a permanent prociin’tatc is formed, this 
■which is at first .imorphous, melts under tho hot liquid to a soft mass, wWicfei 'ftfter 
several hours heating in the liquid, is converted into microscopic pi'isms of ,^o s«dt 
2Ctl"(C®H'()’)* + H-(), perfectly Insolublo in cold water. Cold solutions of tlie same 
two .salts yield an amorphous preeipitato which, w'hon loft under the liquid, changes 
into microscopic rhombic jjrisms. Tho amorphous salt molts when heated withii^tcr; 
the crystfilliiio s;ilt docs not. This salt has the composition Cd*(0®H®0’)* +. 
at 150° it gives off the gronter part of its' water, and is converted into 
hydrate 2Cd*(C®H®0")- + H-0 ; at 200° it becomes anhydrous. By 
tho filtrate, crystalline deposits are obtained 'which, under the microscopej, 
consist partly of needle-shaped prisms, iisirtly of nonoclinio prisms, Tory nwch 
the two forms of tho barium salt 2Ba^(C*H»0’)* -f- 711*0. By treatment with 
^ nia, the tricadmic citmte is converted into tho basic salt Cd»H*(C*H^O*)*, 

^ 27 mols. of water, the latter ciy stall is! ng from the mother-liquor of the fo!||||iBiPi ; 

Copper salts . — Tho solution of cupric ciirbonsto in citric aeid dopoito* 
ing, a green crystallino precipitate consisting of 2 Cu*(C*II^OT) 4 ‘ 811*0. “WTMfti 
iMrboDate iq treated W'ith cold aqueous citric acid, ond tho jAltorcd. solution. , 
with alcohot a faintly grocuisli-blue bulky procipitato is formed, which# - 

between ^ter-iiaj]«r, is still quite soluble in water. Its fyrmnik du*HS[C?^ 
loIPO. iTie dry- snlfc tu^s jreen at 100° is converted iojtOi 
dcH;oinposbs quickly on further heating. It also doeompo'sep.M^tmfl^ 
alcoholic liquid in which it has been formed. On heating 
whole of iho copper is thrown do'wn in thO form of the 
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tlio supernatant liquid becoming quite colourless, and exhibiting a strong acid reaction. 
Tlio pentacupric salt . decomposes (^dually also, even ■U'hen kept in tlio dry state in 
porfoetly closed, rcsscls, changing its colour and being resolved into tho dicupric salt, 
free citric acid, and water. ^ . 

When 1 mol. citric acid is lieatod urith 2 mols. cupric sulphate in very dilute solu- 
tion, a considerable quantity of tho dicupric salt is precipitated; and, on filtering, 
Hftcr tho liquid has begun to bump violently, and heating tho filtrate, a further quantity 
of the salt is precipitated. This precipitation may bo repeated several times, tlio rc- 
actieii taking place as represented by the equation : 


It*(C'»ir'0') + 2CU.SO* = Cu»(C'‘H^O0 + 2H*SO'. 


Tlic ammojiincal solution of the dicu]>ric salt yiold.s, by crapomtion, blue easily 
•.nliihlo crystiillino cru.sls, tlio aqueous solution of which quickly gives oflF ammonia 
Avheii hoated, and leaves the original salt. 

Lead salts . — Tho salt Pb*(C*II“0^)- + 3IPO is obtained by adding sodium citrate 
to h ad acetate, and digesting the precipitate with water or acetic acid, or more quickly 
aiul in larger cystals having a vitreous lustre, by precipitating sodium citrate with a 
large excess of le.id nitrate. When tJio pi*ecipitate formed in the cold is heated with 
I lie supernatant liquid, it molts to a soft coherent mass, like malato cjf lead, and, after 
lunger heating, is resolved into n mass of highly lustrous crystals having the same 
lonipoflitioii. Tho triplumbic salt, heated with ammonia, is converted into tho aiiioi*- 
phoiis diplumbic salt -i- 2H=0. 

Iron salts. — fwrous citrate !Fcrr-(C"Tr*0‘) + IPO is produced by lioiling 
aintiillic iron with citric add; it forms a heavy wliite powder consisting of micro.scopic 
rluniibic tablets. Uy mixing .in aqueous solution nf ferric acetate with citric acid and 
aFcohol, a light yollow precipitate of ferric citrate i.s obtained, easily soluble in water, 
liiit, not deliquescent. 

Maagnnese salts . — The salt ]MiiII((}*IPO') + H'-'O, described by Holdt, is easily 
nljtaiuod Ijy digesting manganous carbonate with a slight excess of citric add. Tho 
inmapgavou.*^ salt Mrr'(C“tPO’)* + 9lPO crystallises in distorted rhombic prisms of 
a light rose colour. At 130° it gives off its water, and is immediately converted into 
iicoriitate. If it bo then heated to ITiO®, it detonates, wlioreas in its original state it 
iiiiiy 1)0 heated to 210^ without docompositioji. From the filtrate of citric acid,, 
Mtumtod in the cold with manganous carbonate, tho salts Mn^H^CC'H^O*)* + 15EPO, 
or Mn*(C®II*0')*.JVIn*(C*H^0') + 15II-0, crystallises on ovapurution in microsco)u<; 
iiionooliiiic teblctH. From tho mother-liquors of trimanganoiis citrate, tho salt 
Mii’ir-XCH'O')* + ISH'^O, or Mn»(C«H*0')“.2Mn*(C«It'0’) + 181PO may bo pro- 
p.irecl. Tho pure dimafiganoiis salt Mn-(C*IPO') appears also to exist. 

The conifwsition of many of tlio citrates above describorl, affbrds further evidonco of 
the tetrabasic character of citric acid (soo 1st SitppF. p. 473). 

CZTBOV and CZTXOM’S&I^ OZ&B. Soo Oils, Volatile. 

cxntra UMoirviNc. Soo Lsxcon. 


®*ABQ|irxo ACnie This name is given by Stenhoiiso {Ann, Ch, I^kann. civ. 
•jO) to the acid obLainod from Cladonia rangiferina. This Jicid was formerly regarded 
JH identical with usnic acid till Hosso {ibia. cxvii. 346) showed that it diffors tliorc- 
irom by its jncUing point, which is 175®. Hesse named it j9-usnic acid. Stenhouso 
add distillation, i9-oxcin, which is not obteined from usnic 

C&AHBBBTZBrA. The flower-buds of Clandestina rcctifiora^^^ plant whii^i 
loivors in early spring at tho foot of tho Pyrenees— yield to ether two crystnlliiie 
^ubstonces, one ytdlow, aiid toSembllng cholesterin other rospoct.s, tho other calli^ 
ana os tin in, white, soluble in alcohol, quite iusolublo in water and in dilute acids 
laartBon, Chem, Ceiitr, 1872, 524). 

EstiTnatutn of the THre-fesUting qualities qf Clays.-^'E, 
of .1 ■ 229 ; Jahreeb, i860, 1074) estimates the fire-i!wftrting 

. ' ‘Vys by dotermininv how much alumina must 1>e added to a comy»ft*ati™v foiab: 


and j 


iis nn VI silica to a re&actory clay, so that at certain — 

the proi^ties of a nonnal clay. (The 

tile SamnlftH Mnalf.ivioi 
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The follo'wing aro tJie results of ©xporimcuts made by this method 

1. In ivhLte clay from Saarau (in Middle Silesia) containing on tho average 53 p.c, 

of quartz-sand rciiiovablo by lovigution, tlio firo-resi sting power was found equal to 

— 2 (this clay served for the propiration of the normal clay, by adding to it of its 

weight of pure alumina obtained iji the preparation of soda from cryolite). 

2. The same clay after levigJitiou ; + 2. 

3. Blue clay from Saarau ; + 2. • 

4. Another blue clay from tho seme locality ; + to — 1. 

6. A clay from Valeiidar near Coblentz ; — 1 ; (the last three on account of their 
great cohesion could not bo lovigated). 

6. Clay from Mirow (Boland) with 12-7 p. c. sand ; — 3. 

7. Clay from Grojeco (Poland) with 8‘2 p. c. sand ; — 3 to 4. 

^ 8. Clay from Porembn (Poland) with 20*03 p. c. sand ; — 4. 

9. Clay from Biclschowitz (Upper Silesia) with 27*7 p* c. sand ; — 4. 

10. Clay from C/Jelzo with 16*94 p. c. sand ; — o to 6. 

11. Clay from Tillendorf (Silesia) with 30*11 p. c. sand; — 3. 

12. Whitish-grey clay from Coinprachczutz with 36'01 p. c. sand; ~ 4 to o. 

13. Blue clay from the same locality with 31 ‘21 p. c. sand ; — 6; 

14. Blue clay from Brieg, with 26*16 p. c. sand; — 6. 

15. White-grey clay from tho same locality with 33‘34 p. c. sand ; — 5. 

16. Argillaceous schist from Mettkau (Silesia), with 74*81 p.c. sand; various .-il- 
cowling to the fineness of the pow’der. 

The chemical analysis of these clays gave tho follow'iiig results, the lino quarlr.- 
powder removed, together with tho clay, by lovigatioii, being reckoned with the sand:— 
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6-39 

6*08 

6-26 

6-08 


4*W 

2-81 


100-00 

100*20 

98*d0 

98*01 

99-63 



n 


^ motliods of estimating the flro-resisUtig quaBideii 

I. By determining the quantity of a normal inixtiiro of pure silica aiiS S' 
must bA i^dca to the chiy, to render it infusible at a certain high tamr'^ 

V- ; cxcviii. 306). ^ J 

(1), The first method is similar in principle to thaftof Bichters, 

^ as more aciwate. Small, cylinders of the olay to bo 

itoolting point of platinum ; the cylinder is then weia^^/cj 
m^ed wiw a testioiibstaace consisting of 2 parts xrf pure 

adjded in proportions of ^ of tl 



silica/: 
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tho cylinder bolug lieatecUo tho molting point of pliitimim after each aJilition. This 
tra.'itiiiont is repeated until tho cylinder remains unglazod and the structure becomes 
jrranulatoil. Tho pyromotric value of the clay is estimated by tho quantity of tho test- 
material requir<!d, this quantity varying from ^ to M of tho weight of the cylinder. 

(2j. Iiijudging of tho fire-rcsi sting qualities of clays from their chemical composi- 
tion regard must bo had: 1. To tho proportion of tho aliunirui and fluxes the 
alkalis, alkaline earths, anti ferrous oxide) ; 2: To tho proportion of alumina and 
silitti — 

A clay is more refractory the greater tho quantity of alumina wliich it contains in 
proportion to tho fluxes, and tho smaller tho quantity of silica in proportion to tho 
jiliiiiiina. A simple expression for tho relative pyromotric value nuvy bo obtained by 
dividing the number (A) which expresses tho proix)rtion of tho silica and alumina 
taki n togollicr — Le. of tho aluminium silicate or true clay— lo 1 pirt of the fluxes 1^ 
tho mimbpr (B) wliich expresses the proportion of silica to 1 part of alumina. * ^ 

Thi^ following table exhibits the composition of seven kinds of fire-clay, together 
wiili their relative fire-resisting powers, as directly determined by the first method ■ 
;iik 1, lastly, the quotients calculated from tho chemical composition by tho method just 
explained : — ** 


Co/nposUiofi and Firc-Rasisting Vomi' of Clays. 


Class I. 

t/. Clay from Saarau. 

select <?d : purest and 
I most refractory variety 
’ h. Average sample of 
: clay from tho sanus 
locality 

Class II. 

Lfivigatod Kaolin from 
Zettlitz in Bohemia . 

Class III. 

rt. Ci'udo Kaolin from 
iSaarau 

K Belgium clay, from 
^itruduiolsereul, uoar 
Ardennes . . . , 

Class IV. 

Clay from Muhlhoim, 
near Coblonte; best 

averago samplo . . 

Class V. 

Clay from Griiiistadt, in 
tlie Pfalz .... 

Class VI. 

! Clay from Monchsberg, 
i near Cassol . . , . 

I 

! Class VII. 

jClay from Niedorpleis, 

, on the Sieg , , 


Forniulft 


19-2o(Al=0’ . l-38SiO*) + RO 
1C 60(A1'0» . l G9Si0’) + E0 

12-82(A1»0« . l-36SiO=) + BO 

U16(A1»0» . 5 01SiO’') + EO 
6-86( Albert l-63SiO») + EO 

5-96(APO». l-61Si0») + R0 

3*e6(Al*0> . l-5lSiO*) + RO 

4*41(A1«0» . 2*37SiO») + M 

;4' ■ . ■ 

2»37fi&Q5+?ia 


Fire- 

resisting 

power 


100 

100 

70-60 

r»o 

00 

45 



Quotient A 


19'25 

1-38 

16o9 

1-69 

12*82 


13*05 


= 9*70 


9*49 


6*01 


^86 

1*63 


4*21 


— - ^ 8*06 
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A comparison of these numbers leads to the following results : — 1. The quotients 
in the fourth column decrease in ihc siime onler as tho numbers in the third, which 
express tho fire-resisting powers directly determined; and in tho most refractory clays 
the difforoncos of the quotients are large for small diifcrenccs in tho fire-resisting 
powers. ® 

2. The crude Kaolin of Sjiaraii. in Class III., forms a striking exception to tins rule. 
Direct expeririioiits showed, however, that this Saarau clay, wlieii ground to an im- 
palpable powder, is more fusible than the MiihlJioim clay in Class IV., and appears 
more refractory in it s crnidc stato merely because it contains cojirsc grains of quarts. 

3. It is remarkable, also, tliat tbo average sample of Saarau clay (Class I.) and tiio 
clay from Zettlitz (Clas.s 17.) give quotients so nearly equal, although they diffi-r con- 
siderably ill their fire-resisting power. 15ut in this case, also, the peculiarity is duo to 
tho ."stfite of aggrogatioii, the Zettlitz kaolin being in tho state of an cxtri^mcly soft 
jHiw’der, whii^li yields to the sofLeuing iiifiiicnces of a higli temperature more readily 
than tho compact stony clay of S^iarau. . 

In the preceding consideral ions no account has been taken of tho proport ions bcU'ceii 
the silica and the finxc.s ; ami, indeed, Biscliof shows that this proportion does not 
afford a satisliictory criterir)n of tho x^yrometric value of a clay. In tho cmil -formation 
of Sanrbriick there arc foil ml, iii the Welles woiler and Dnttwcilor pits, two clays, 
belonging uiimiatakcably to the .simo species, and having tlie character of slate-clays 
but differing cousidorably in their degree of purity : the Wellcswciler clay bifiiig coni- 
liiiratively pure, whereas that from DiitUveilcr is more oiitamiiiatod with sand, and 
especially with iron-oxide and iinigne.sia. Their compo.sition is given in the following 
table, I. denoting tho clay from Wellcswciler, II. that from Duttweilcr: - 



SiO* aiitl Siiiifl 

AW 

TiO 

CiKl 


K-0 

Lo.sr nn 


I. 

1 


35-10 

•28 

•15 

•31 

1*13 

1 ]3'70 

100-61 ! 

II. 


29-25!»®«* 

2513 

1-95 

•50 

1-‘10 

1-70 

10-00 

■ i 

- 100-27 : 


Fi*om which may be calculated the formubc — 


1. 10*78(ATO=».l*GlSiO=») + JIO, 
II. 2-67(Al’-0’.2-67Si03) + RO, 


rcproseiiting the following proportions: — 



I. 

n. 

Alumina to fluxes . 

Alumina to silica . 

Quotient .... 

Silica to fluxes . . . | 

1078 : 1 

1 : 1-61 

17-36 : 1 

2 67 : I 

1 : 2-67 

267 

2-67“ - 

7-13 s -'1 4 

. - 


Hero, then, wc see that although tho ratio of Bilic.'i to iluxos is much in 

than in IL, the .qtioticnt ^is also grc^itor : hcnco tho greater fire-resisting jbWief pf 

the first Tiiriet^; , 

In the twq ckys from Sim rail (Cla!5.s I.) the ratio of fluxes to silica 
refractory, as I : 27*71>; the more refractory, as 1 : 26-57. Lastly, 
from Namur, having respectively the formula r2-28(Al*0*.2-2fiSi0*) -h BO ahdT'i^ 

(Ai*0».2-5lSi0*) + RO, and giving for tho first the quotient ^ =6*46, for the 

2-86, th$ ratio of fluxes to silica is, in tlie first, which is tho more refractory, I l 
ill tho second, or mon< fusible, 1:18*02. . 

Wiierous, then, in the clays from Saiirbriick and from Namur, tho ratio of 
fluxes increiises with the fire-resisting pow*er, tho contrary holds in tl^ 

Baamli, tho inoro refractory clay from this locality containing less silica 
t-i the floa^lthan the less rafractojy. 

•Theso conSidcratf^fi^ HhoW that though tlic determination of the i 
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and fliixos cont*iinod in a clay is of this great importance for the determination of its 
firi>r«sisti«g power, the ratio of tlio silica to the fluxes does not of itself aflTord anv 
criterion for that determination. !• irc-clays, in fact, are double compounds, which 
cannot bc5 correctly coinimrod by a ono-sidod consideration of the ratio of silica to 
flaxes without rcgaM to the alumina. This, indeed, Bischof has clearly shown bv 
LX])eriinGnts on the lusibility of mixtures containing 100 parts of silica to 1 2 and 4 
parts of alumina, and 100 parto silica to 1, 2, and 4 parts of magnesia, the most 
iiiiiiblo «t these mixtures is that which contains 4 parts alumina to 100 silica In 
pivscnco of so large a proportion of silica, alumina is a better Ilux than ma-me^ia 
Iiulepemlently, also, of the uncorhainty attending the valuation of a fire-clay sofelv bv 
relVrtiUoe to the ratio of silica to fluxes, the consideration of this ratio is, in tact, sivncr- 
iluorjs, the ratio ot the aluminium eilicato to the fluxes and of tlie alumina 'to the 
Hlu-a being (iiiito sufficient to affoi-d a tnistworthy estimate of tlio pyrometric value of 
„ clay. It IS, of course understood, that the analytical do terminations must bo made 
virli all attiunublc exactness. 

Tliefollowingaii!ilyscsof«ro.ela7s,iraalso by Bischof (AW. Wud J dmii! 28- 
1897. 920): «. Ebi.hal.n n«.r fai£n4 [ 

b Irom Miihlheim on thn llliino. <•. Brom GrUnstadt in tho Bararinn PWntinato 
'1 Jio clay.s were unalysed alter drying at 100®. io-wiicito. 



a 1 * 

c 

Al'O^ _ 

SiO- conihined 

iSiO- ;is sand 
' L'c-0» ... 

C’aO . . 

: 

Loss by Jgmtiou { , , , , 

37*95 

.32-18 

14-79 

095 

0-04 

3-00 

0-11 

12-02 

.35-36 

35-3.J* 

12-41 

2-69t 

0-10 

1-21 

0-07 

11-72 

.35-O.a 

39-32» 

8-31 

2.30 

0-16 

.3-18 

1-11 

10-51 

. . i 

101*04 

90-00 

90-64 


njott®., Tho «n.unt«f 

P.L-. sulphur Cus p) ritoO? ® ® P-c. ; and In e 5'8 p.c. ; 6coiitaIiis truces, c 0-081 

fiorpolsriacr (J. Ciem. ci. 444 ; Jaireab. 1867, 1030) has analysod clava iis«I 
‘.‘.“tten and Witt^hy^lor in thn^naiguL^h!^ 
fii 1 ’ ® light greyish-yellow to yellow, white in parts, with veins havinfr 

tlic coloiu: of .ion r,.st ; C groyish-whito to ^llow Vith tho aSme * 

lfn“0 Water and 
— “■' Organic Matter 

18 4-117 

0-620 6-690 

0-672 0-920 

<■ r««iS '■ 


SiO» 

und Sand 

76-019 

78’911 

5:M25 


Al«0* 

Fc»0* 

CaO 

MgO 

K“0 

11-358 

3-084 

1-793 

0-481 

2- 

7-171 

3-031 

1*9'91 

0-272 

1-413 

02-730 

6-378 

4-990 

0-530 

1-355 


SiO* 

APO» 

IVO*i 

MgO 

CnO 

Water 


Cbaldnrf Cbfe,— Th. method 
‘•>0 ^ anlphitt m coal and coke, coiuiati in tmting a 

'"odcpateiMS!!?®'^!^ watmal with hitNmi^at^ acid, and aftw^d 
tainhui.!. . • until tho nduhle Of thu dttipiiu la ffwnpoMd^ 

’“Phnne «nd; det.rmini!ttt»il»«y.a..lmi^ 


1. 

3. 

s. 

. 48*6 

60*3 

67*0 

. 43-0 

28-0 

20-6 

. trace 



. — 

0-5 

0-2 

. 8-2 

10-5 

11-3 

99-r“ 

99-3 

99-1 


Soluble alumina ^ 
} Ferric oxide . 


Water 
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In operating in this manner there are sercral souicos of error. In the first place 
.tho figures obtiiinctl inclmlc the sttl|»liur or sulphuric acul combined with calcium, as 
well as that existing as pyrites in the eoal ; and it is obviously most important, with 
regard to the use of coal in iron-smolting, that these figures should be roturned sepji. 
ratcly, sinoo tho sulpliiir, combiued with the calcium as sulphate or sulphide, is por. 
foctly harmless, while the pyrites seriously affect the qiaility of tho iron, by coinbiaiuir 
vrithit ns ierrons sulphide during tho process of smelting. ® 

Again, in carrying out the abuvu-ment ioiiod piiuress, unless the nitric ncid bo cure, 
fully an<l outiroly removed by evaporation, grave errors in the -weight of barium sul. 
pbato will ensue, and if the eva portion of the iiitronmriatic acid be carried too fur 
a basic iron sulphate is sonietimc'S formed, which oven' long boiling with water fails to 
xeniovo from the carbuiiacooiis mass, so that a deilcieiicy of sulphur is entailed. 

To removly the.so defects, Calvert (t'Acw*. Kewm, xxiv. 7C) operatc‘s in the followiag 
manner : — .A weiglnid portiun of tlie finely powdereil cwtl is boiled in water witlj an 
equal weight of sodium csirl»oniite for twenty hours, by which moans the calcinni sul- 
})hato is il»k*omposi‘il, while tho iron sulphide remains unattacked. Tho residue is then 
lilUTod, and rapidly washed witli boiling \vater. In the case of coke, nitric acid iu 
slight excess must be added to the tilU*ato, to convert the sodium sulj)liide into sulphate, 
and tlie sulphuric acid tlieivin det-c;rmiiiod in the nsnal manner. The sulphur found 
iu tho residue will then correctly represent the amount of pj'rites prc.sont in the coal. 

In estimating this lalter, Calvert objects to the dry oxidi.sing prwess, since it in- 
variably entails a sliglit loss of sul])hur. A more (^xact mothod is to oxidise witli 
nitrtnnuriatir aci«l, then concentrate the liquid, add sodium Ciirbonate in excess, and 
lieat the W'IujIo to near the fusing |»oiiit, by wliich means the iron, silica, and alumiim. 
are rondereil insoluble. Tlie mass is then treated with water, well washed, and the 
filtrate acidified with acetic acid ; barium chloride will now pp<jcipitato thowholoof 
the sn1]>Iiuric acid from this solution. 

Tho figures in the .subjoined table contrast tho results obtained from throe distinct 
samples, when analysed by tho old and by the imi>roved method : 


OKI in-ocess I New prcec-s.^ . la washings 


„ , I i I . ■ ■ ■ ’I Difference 

. Mca.. ! I Mc,„. I Sulpimr | j 


i 

i ^* • 

f 

■ i 

1 - 3 G 1 

l' 40 l 


O-oO 

1 > 0 * 79 ) 
i I 0 ’ 78 f 

**■ 

079 

0-79 : 

I 

' 2. . 



'■« ;;sa 

0 -Gij 

! m 

0*96 

0-92 

1 3 . . 

•l! 

1 ' 78 ). j 

l- 73 i 


i 0 87 

: » 1 

0-87 

[ 088 , 


The relative proportions of iron and .sulphur in the pyrites of Iowa coal hnye been 
determined by K. I'^mery (*S'<7/. Am . «/. [3] iii. 34). Tho coal was first troftted with 
very dilute hydrochloric ncid, so as to remove everything which was solublo in 
menstruiim. Tlie ro.siduo was then oxidised witli hydrochloric acid, and potassium 
chlorate, juid tl;e percentage of iron and sulphur culcubitotl in tho usual inazihar. 

Ten samples were examined. In four samples the relative proportiou of itpu und 
sulphur corresponded very clo.sely with that exi.sting in i'eS*, via., 68*3 of iinlph®^’ 

Iu four samples there was a decided cxee.ss of sulphur, tho porcentago^idfig 
instaiKes to 63*0 p.c., while in two samples there was a marked deficient of sttlpliitfi 
/ 45'** 50*0 j|.c. only being found. 

' The results of the analyses of the cosds of Ohio, by Prof. 
ovory instance the ainoiint of sulphur present is too largo for ® 

iroi^ <18 bisulphide. ; ■ ‘ . 

; 4iMes euoioaed In Coal. .K. v. Meyer has examined tlio flUMiS 
from seveial coal-fields in Germany (j; pr. Chem. [2]. v. 144, SWJ* 

in Kpglish coal from the Newcusthj and Durham districtji (ibiU, V. 407)*; . 

Tile ga.scs wore obtained by intrriducing two to four hundred gr*-1^ "t , , 

. ^.,.,..1. : ,1* .L.l— ...... 'A ..'111 

"t ■ 




was immediately filled up with hot do- 

OM so as to expel the gases from the coal, and driW 
fitted by a caoutchouc plug to the mouth 


»} ft of water supportod on tho endv^ 
ccoding from tho fldsk. The goaes so collected were ia^alysed >7 
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Conli# from several districts were examinod, both when freshly raised, and after 
havijig been exposed to the influence of the weather for times varying from one to 

<!(vwi’id years. ^ 

Tlio majority of coals gave by tins treatment gases agreeing in composition with 
liiosc known to occur in ordinary mine gas, that is, carbon dioxide, oxygen, nitrogen, 

Mild marsh'gas. 

The quantity of gas contained in various coals freshly raised and long weathered, is 
s^liown by tlio following table (Mem., the indication numbers attached to the name of 
the coal will bo retained throughout the article to indicate the same sample) ; — 


(1) . Zwickau coal gave 

(2) . ,1 If ,, 

(li). II !» II 

(1). Wcstphaliiin, from blssmi 
(o). ,1 Uochum 

( 6 ) 


100 grams of 

Frcslily raii^ Weathered 

. 38-0 C.C. (a) 18*0 c.c. 


25*5 

225 

50*8 

501 


(a) 18*6 
(n) 13*fi , 

(a) 

(a) 39*2 , 


The coniposition of llioso gases presents pccularitios in two cases only, viz., 1 
and 3 (a), which, it is to be observed, are both from coals altered by weathering. 
Tlio composition of the gases from fresh coal is shown by the follo^7ing table : 


{«) 




(:o“ 

0 

N 

CII* 

1 


. 2*12 

2.51 

23-17 

71*9 

2 


. 4-02 

0-62 

5U-38 

45*00 

2 («) . 


. 2-25 

0-7 

23-89 

73-1 C 

3 


. 0*6 

trace 

48-0 

51-4 

1 


. 7-5 

2-69 

89*01 

_ 

5 


. 4*87 

2-66 

7o‘82 

16*65 

5 (a) . 


, 11-12 

2-88 

78*6. 

7*4 

C 


. 1-30 

1-60 

66*85 

30*25 

0 («) , 


. 4-35 

3-35 

81-18 

11-12 


Tliese numbers selected from those given show that exposure to the weather causos 
a hws of a groat part of the marsh-gas, ns was to bd expected, but the ratio of oxygen 
to iiitrogcii and carbon dioxido also serves to show that in the process of the passage 
of vegetable remains into coal, the oxygen of tho air concerned Las gone mostly to the 
burning of the hydrogen, leaving the carbon compiratively intact. 

The gas obtained from 1 (a) and 3 (a) was quito different in composition from that 
obbiinod from any other specimen 


i 

CO’ 

0 

N 

CO 

OH* 

C’H* 

Absorbed by 
fiiMiInsBul- 
phurio noid 

1 («) .... 

ihtto, collected oiiol 

16*7 

4*9 

55*15 

— 

3*17 

isd 

1-47 

week later . j" 

Ditto, collected twoj 

11*4 

3*8 



3-44 

18*88 

1-6 

wtjcks later than tlic [ 
preceding . . 1 

1210 


65*16 

— 

3-19 

16*86 

1*6 

?,.(“) • . . . 
Ditto, collected one ) 

7-62 

2*44 


— 

15*88 

22-35 

0-96 

week later , } 

Ditto, collected two ) 


2*fl 


1*82 

10-18 

23-32 

1-45 

months later than [ 
tho preceding . J 

11*18 

2*82 

07-99 



lorse 

1-66 , 

■ J 


obtained (oxygon consumed, contraction, im^ caEbdnijrV]^^ 
1 no doubt that otiiano was really a coDstitii^t of 

obtainoa from those coals. 

of grey shaloy coal containing much pyrites, gave gases duiiic» 
it 11 1*® absence of hydrocarbons^ and tho preponderance of carbon dioxida, M 

otli^ii r which contain much pyrites, oxidisC■^^*‘^^- 

I UlO formation of tho niwlii/it. AAmt»iafiA*k nfi AaVKnii aS 


^ 

tlii« u ^®f®*®^tion of tho product of the combustion of carbon dtS' Ifo explaitod ip 
folleiring^ greatw energy of tlio oxidising action. The gases id th» com' 











360 


COAL. 



CO 

O 

N 

7 . ' . 

. ' 487 

1-8 

49-5 

8 

38-2 

1-2 

60-6 

9 

54-9 

1-2 

43-9 


Purtlicr experiments Avoro niLide to JoLcrnniio whethur oxposiiro of u co:il to a con- 
tiiuiod temperature of 50" caused uii jiltwatioii resulting^ in fiirttior production of gji*, 
or if the gases cont>iinod in it tindenn’ciit any cliangc of composition. Tho Zwickau 
coal, 1 («), after tJio la-st of the anji lyses aboATO quoted, was lett betweeu throe and foiip 
months in a cool dry place, Avheii it was found to give oft’ gas of tho compo.sition— 

CO- = 12-91, O == 2-57, N = C-H** = 22-62, CIT* 4 06 percent. 

At the timo that this examination was made, another portion of the coal was 
kept for two days at 1.5^, and then immediately treated in tho imiial manner, when it 
evolved gas as rapidly as the unwai-mcd portion. It wiis found to bo froo from marsh- 

gas. The composition of the gas was : 

CO* = 10-65, O = 3-2, N ■— 74*72. C'-II® =* 9-8, and gas .nbsorbed by sulphuric 
acid, 1*63 jw cent. 

lly calculation it is shown that the hcav 3 ' hydrocarbon is probably butylene. 

It thus appears that on warming, the whole of tlio marsh-gas escapes first, by reason 
of its greater diftusibility. 

Tho giiso.s from another coal from ZAviekaii w'cro also examined both before ntul 
nftiT liouting the coal to 50" for twenty-four hours. Tho Jiydrcvarbons jireseiit Aven' 
inetliane, ethane, and butylene. In tlie gas from the In-attul coal, some luglier term of 
the paraftin series, probaljly jiropane, appeared to be present. The analytical numbers 
agree avcU Avitli those required l»y : — 

CO= 15-6,0 == 310, N 73-33, C*TP « 4-39, C-K" =. 2*06, C*1P * 1-75. 

C<xil from tho Saar district yielded gases containing, besides mollmno. some of its' 
liomolugiies, Avhich wero calciilat od ns C’-H**. Ethoms wliich Cl. ]li.sc]u)f found, Miyia- 
AA'as unable to detect. Tho coal from tho Gevliurd pit is as Jiard and doiisu as Durli.im 
coiil, and the gases contained in it re.siMiiblo in quality and quantity those eiiclosodiii 
the latter. Tho following table cont^iins the residts ; - 
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fUinea aidoaed i» EaglUh Coal . — Tho following;: are the results of the cxiimiimtion of 
iho obtsiinod from eight s.-iinplcK of coni from I ho .S'cwoustlo ami Dtirham 

No. 1. Iiow Main Hoam, from liewirke Main Colliery (Xowojislle dislriot). 

>'o. ‘2. Maudlin soam, from Bowirko Main Colliery (Newcastle district). 

No. 3. Main coal soniu, ITrpeth Colliery, Nowcastlc! (Durham district). 

No. 4. J-scsim, Urpotb Colliery, 30 fathoms from siirlaee. 

No, ri. ^-Btiaiu, Wingate Grange Collitjry, Durham district, 74 fidhoms from surface. 

No. 0, Low main seam, Wingate Grange Colliery, 108 faliioms from surface. 

No. 7. JIarvey seam, AVingate Grange Colliery, 148 fatlioms from surface. 

No. 8. Harvey scam, Emily A’i!., AVoodhouse (Uosc Colliery, 23 fathoms from siip- 
fjico : illstriet Jiot ^pvf^lJ. 

l-’roiii tiu! following table it will he seen that no other hydrocarbon than marsh-gaa 
was found in any case : — 



No. of 

Distrir-t 

CO^ 

ClI* 

0 

N 

100 grm. gave — c. c. 

i 

Aiuilywa 



gas 

i 1 


Newcastle , 

5*35 

6*52 

2*2 

85*65 

25*2 

i - 

, , 

„ . , 

8-54 

26rj4 

2*05 

61*07 

30-7 

1 

i 

• { 

Ni’wcastle — ( 

Durham. i 

20-86 

— 

4-83 

74*31 

27*4 

i 1 


Durham . , 

16*51 

trace 

fydr, 

77-84 

24-4 

i) 


0-34 

85-8 

iraeo 

13-86 

91*2 

■ ij 


1, * 

115 

8104 

0*19 

14-62 

238.0 

*7 


n • • 

0-23 

89-61 

055 

9-6! 

211*2 



Unknown . 

5*31 

50*01 

0*63 

41-05 

84*0 


Taking the specific gravity of coal as 1*3, it will he seen that Nos. 6 and 7 contain 
iipurly tliree times their voUiinos of gases ineasimHl at ordinary X’ressuros, and that 
ihri'eiorc, as the coal is very hard and dense, the condensdioa of that gus must bo 
\rvy great. 

Gam enclosed in certain Lignites . — (Kolbe a. Zitowitsch, J. pr. Chan. [2] vi. 79). 
The gas wliicli accumulates in lignite mines has long been recognised and dreaded ns 
c'lnsiijtijig mainly of carbon dioxide, wdicreas mnrsh'gas has never been detected in it. 
Tlio great oxidabilily of lignite has been demonstrated by tho experiments of 
VaiTciilrapp (Chem. CV«/r., 1863, j), 903). 

Tho gases enclosed in Bolieinian patent lignite, and in an earthy lignite of inferior 
quality, liavo boon examined by Zitowitsch, The mode of collekion was the same 
as tliat adopted by v. Meyer w'itJi pit-coal. Tho quantity obtained from botli varieties 
was small, anti was not dotormined. Tho gases were found t o consist of carbonic 
aiiliyilrido, carbon monoxide, nitrogen and oxygen, in the following proportions: — 


Gas from 

co« 

CO 

N 

0 

II. j ^olicmian lignite 
j in. EartJiy lignite . 

j 80*06 
} 82*40 
83*99 • 

1*80 

3*00 

1-04 

. 

803 

14'15 

14*91 

0*51 

0*45 

0*65 


Coal Twr ftBd Pitch. Tho composition of coal-tar varies considotably with tho 
^npenituro at which coal is distilled ; the higher the tewperature the larger is the yield . 
; w 1(1 budm. Tar produced in gas-retorts (K>ntains more benzene and toluene, but; 
coni and other solid hydrocarbons than that obtained by diAUhti^: 

which the distillation takes place at a lower temperature; the 
itJ)- chiefly liquid hydrocarbons and ^considerable quantity of cotnp^n^B 

tar o f only a very small quantity of carbolic acid. When heliVy coal- 

uaolit) a furnace lieated to a bright-red heat, it yields, besides 

hiirlifi ^ of benzene and toluene and a little xylene, but only traces of 

pleto ^ ^?”***^®P“®** -d-t a Ipwer temperature tho decomposition of Uie oil is less com- ' 

' ihrnacfi'i^ ^ ^ J^igher temperature, tfio benzene is converted into naphtlialeno. In th# 
iiglj ty, remains a kind of graphite, which is a very valuable fuel lor producing 


ipenijl^. 
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Tlio pitc'li which id left behind in the clistillatioTi of tap is purtially soluble in benzene 
and carbon sulphide ; the residue consists of u black pewiter having the composition 
of Welsh anthracite. When pitch is passed through ii red-hot tube, it yields ahont 
250 Yol. of a gas consisting almost entirely of hydrogen ; hut on distilling it from a 
retort, ityiclds about 25 30 per cent, of un oil containing pyrene, chrysene, and anthra- 
cene. The other products consist of 0'2 per cent, of light oils and gases contain, 
iiig ammonia and hydiYjgon, and 48-62 per cent, of coke is left behind. In soino 
works the pitch is distilled with over-h<!at.ed stoam in order to obhiin anthracene; in 
this case the residue is a very brittle pitch, -wdiicli is mixed with naphthalono, and then 
used like the uiidistilled pitch, as asphalt, or as fuel, by mixing it with coal-dust and 
forming tho mass into bricks, and for other purposes (Behrens, i/. Chem. [2] vi. 277). 


COBA&T. Co. — Afo7nio WvighU — R. II. Loo {JSilh Amer. J. [3] ii. 44) has deter- 
mined tho atomic weight of this nietail by the analysis of crystallino cobalticjanidcs 
of alkiiloids huviiig high atomic weight. 

Commercial col >iiltic oxide was first converted into an impuro sulphate, and the 
solution of tho salt treated with a current of hydrogen sulphide to reiiiovo all mctids 
precipitahlu by that gas. Tho iron in the filtrato was poroxidised with chlonne, and 
afterwards rciuovod, togctlier with manganese, by tlie addition of barium carboniite. 

Tlie svliition was then treated with a large excess of barium carbouatc, and gaseous 

hytlrogon cyanide passed into tho liquid, until tho whole of the cobalt w'as convertod 
into cobalticyaiiidu of barium. Tho nickel, as well as tiwces of iron and maiiguiiosc, 
still present in tho solution, were removed by boiling with mercuric oxide, iind llm 
mercury having boon removed from the filtrato by hyilrogen sulphide, the solution of 
barium cobalticyanido was regarded as chemically pure. 

The bniciue aiul strychnine salts were proparetl by decomposing the sulpliates of 
these bases with tho above solution of col^lticvanidc, and repeatedly crystallising tlv> 
salts formed. The crystsils of tlnHw'o alkaloids closely rcsomiile each other ; they uw 
hut slightly soluble in water, tTystallising almost completely from their solutions on 
cooling. TJio Avuter of orystallifiation liaviiig been directly determined, tho quantity 
of cobalt was found by carefully burning the salt in a platinum eruciblo, first in air, 
then in oxygon, and fuially reducing tho oxido to tho metallic state by a current of 
puro liydrogon. ^ 

Tlie atomic w'eight of the metal, calculated from tho mean results of six analy'ses of 
the strycliiiino salt, w-as fixed at 50*05, aiul frum a simihir number of analyses of the 
brucine salt, at 59*15. As a clieck upon tho foregoing numbers, another series of 
oxptrimeuts Avas nuulo by igniting the chloride of purpuroocobalt in a current of 
hy'drogon. Tho atomic Avoight calculated from the per-ceutnge of metal obtained wfis 
found to bo 50 09. 

Tho mean of all these dotormiuations, eighteen in uumber, is 59*10 : a result higher 
tha?i Ihoso obtained by all other oxperinioiitcrs, except Schneider (60) and Sommaruga 
(.59*93); almost identical witli that of Dumas (o0*O8) ; differing somewhat more from 
that of Kotlioft) and from tho higher number given by Marignac (59*02), still moro 
from Marigiiac’s lowor number (58*04), and from those of Winkler (58*92) and Bussell 
(58*74). 


Physical X'roperties , — According to Valenciennes (Compt, rmd, Ixx. 607) 
cobalt, aiur fusion and rolling, has tho aspect of polished iron : it is haito, but may 
be rolled into spiral bands like gcKKl iron. 

Respecting alloys of cobalt and copper, boo Copprr. 

On tlie coating of metals with Cobalt and Nickel, boo Stolba {IHngh ^ 


Detection^ and Distinction from Nickel^ Manganese^ and Zinc, 
a. By Sodium Sidphocyf mate. — On adding a drop of a concentrated solution. of 
to strong solution of sodium sulpliocyanate, a blue coloration is producsif ^ 
forma tion of a compound which crystallises, cither at once or after spontaneous 
tion, in long blue needles insoluble in cirlion bisulphide. When tne cotw-lt JJ 
dilute, tho colour appears only on Avarining. It is advisable to evaporate 



neutral (Schonn, Zeitschr. anal. C/iem. 1870, 209). 

fi. By Potassium Ferricyanidc — When a solution of a cobalt Balt ij 
ammoniac, ninmonia, and excess of potassium ferricyanide, the li 
aesumes a deep blood-red coloration, similar in appearance to t l i ^ 
potassium sulpliocyanate and a ferric s.ilt ; the solution remains pc 
on heating, and no precipitation 'whatever of the cobalt takes place. 
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When ii salt of nickel is similarly treated, and the solution gently hoilod, the 
liquid first becomes turbid, and in a short thne deposits the mIioIo of the nickel as a 
•opper-rod precipitate, ivhieli has a gi’cat tendency to adhere to tlu? sides of the vessel. 
The presence cobalt in no way iutorferus with the prcci|)itiitioii of the nickel, neither 
lIoos this latter metal obscure the coloration produced by the cobalt : the foregoing 
t«iri affords therefoi*o a ready moans of detecting these two metals when they occur 
together in the same solution. 

"\Vlieii a solution of manganous sulphate is treated witli ammonium chloride 
mill jMiiiiioiiia, and ix>tassium ferric3^anidti gradually added, a whitish precipitate is 
foi'iiicd, which changes, with tlie addition of iuoi*e fiTrieyaniile, to a dark brown 
i-uiour. As this reaction takes place imniediately in the cold, it may servo to distin-' 
giiisli ni.'iiiganeso from cobalt and nickel ; the mangancHe, however, interferes with the 
^ul^scqiieub tests fur cobalt and nickel, when all three metals are present in the same 
solution. 

An iimmeniiieal solution of zinc sulphate, in presence of ammonium chloride, is 
not prccipitateil, either in the cold or on boiling, by tht< ad<litioii of ])0l-jis»ium ferri- 
cvanitlo; but- potJiBsium fcrrocyanide instantly tiiruws down the zinc as a white 
jMveipitate. 

Since the four metals, nickel, cobalt, manganese, and zinc, frequently occur in 
analysis in presence of ammouiacal Kilts, the above method may bo nselul as an 
ndilitjonal mode of disi ingiiishing between them. The elinracteristic reactions nro : 

1. A brown precipibite indicates manganese. 

2. A deep red solution indicates cobalt. 

:{. No change in tlio cold, but a copper-red precipitate on boiling indicates nickel. 

■1. No cliaugo in either hot or cold liquid : a white precipitate on addition of potas- 
sium fciTOcyunido inilicatcs zinc (Allen, Ckem. Aeuw, xxiii. 290). 

Bromide, Col3r=. When met allic cobalt i a left for about a week in contact with 
liPfjniiiio mid a littlo water, and the filtered purple soluLirm is tlimi evaporated, it 
iissinnes a splendid blue colour, and on evaporation over sulphuric acid, deposits 
inirplo-nul prismatic crystals of the hoxhydrate Collv'- + 61P(). This hydrate is 
butli deliquescent and efflorescent; when heated to 100® it molts and gives oft' two- 
tliirils of its water, leaving the di hydrate CoKr- + 211-0, whicli, on cooling, forms 
!i iiiass of purplisli-ldiio crysbils covered with a blue opaque crust. This liydrate, 
which is deliquescent, gives off the whole of its water at 130®, leaving the anhydrous 
bromido in iJie form (A" a viviil green, deliquescent, amorphous mass (\V. N. Hartley, 
I\ij)cr read before the Chemical April 2, 1874). 

Iodide, Cop. Cobalt, treated with iodiao and water, fields a red liquid which, 
wlifiiufvaporatccl down till it turns green, and then placed over siilpliuric acid, assumes 
■I blown colour on cooling down to Ifi®, and after a day or two deposits the lioxhj’"- 
diMlo Col- + Oir-0 in largo deliquescent hexagoiml prisms having the colour of 
•lark smoky quartz. When the red solution is ovaporatod down till a Sfinin forms on 
ilic surface, and then left over sulphuric acid, it yields a compact mass of groon deli- 
quescent crystils consisting of the di hydrate CoP -t- 2IPO. This hj'drato, on ^ 
expesiiro to the air, deliquesces fir.st to a green, then to a brown, and finally to a rod 
solution. Jly heating either of those hj^mtes to 130®, the anhydrous iodide is ob- 
tained as a black mass, liaving a graphitic lustro (Hartley), 

COBJkXiT-BASISBp Al«IN[OirZAOA3b (i. 1051 ; Ut Sup'pl, 477). 

^^‘^i'tro-ootammoniocohaltiii or Croccocohaltio salts, 8Nn*.Co®(NO-)*X* 
(Gibbs, Sill. Am. J. [3] vi. IKi). — These salts aro formed, like tlie xauthocobaltio 
salts, by the action of alkaline nitrites on animoriiacal solutions of cobalt, the pro- 
<hKtion of a salt of one or tlie other scries depouding upon tlio conditions of the ox- 
i'oriiuont. 

fho croceocobaltic salts rosoinblo those of xanthocobalt ; they have a fine shcriy- 
yine colour, and are but s^iringly soluble even in boiling water. They nevertheless 
crystnUiso well. The solutions are decomposed by boiling, with evolution of ammoifid, 
tJoii ^ small qii^ntity of acetic acid prevents or retards the docomposir 

cl 8NH*.Co*(XO*)®(XO*)* is prej^arod by mixing a solution of cobaltbus 

J, 'iovido with ammonium nitrate, and then with ammonium nitrate containing much 
ammonia ; the solution absorbs ox^n, acquires a deep orange colour, and after 
.«|no time deposits the nitrate obundaSly in orange-brown crystals. Tlie reaction 

2CoCl* + 2(NH^NO*) 4- 8NH* + 4(NH^.NO*) + O ^ 4NH'C1 + 2NH» 

+ JPO + 9NH»*iDo»(N07(lIO*)». * 
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If potassium nitrito uiid cobultous iiitvato aro used in this miction instoad of amsio. 
nium nitrite and cobaltous cliloriclo, abiniilar orango-yollow crystallisation is obtained, 
which, howover, on recrystallisation, separates into prismatic crystals of croceocobalS 
nitrate and octahedral crystals of xant.hoeobaltic nitrate. 

Crocooeobaltic nitrate is most easily obtained in the pare state by boiling the sii]. 
phato with barium clilorido and a little acetic acid. It crystallises in orangc-yellou- 
netfdles or prisms, slightly soluble in cold water, more soliibb; in boiling water and in 
dilute acid. It explodes Avhen ]icatc<l, though not violently. It is distinguished from 
xaiithocobaltic nitrate by its crysbdline form, and by yiebling a splendid ciimabtii" 
red prociiatsito with a solution of iodine in potassiiiiii iodide, and a precipitate of 
orange-yellow needles with potassium dichrornato. 

The aulphate 8NH^Co-(N02)^80* is obtaiued by treating a solution of cobaltous 
snl phato with ammonia and potassium nitrito. The solution, on exposure to the nip 
gradually deposits orange-yellow’ crystals and n green flaky substance. On filtering 
a bright green mass of cobaltie hydnitti, mixed with oraago- 3 »ollow crystals, remains 
in the filter, and the solution of this mass in boiling in very dilute sulphuric acid 
deposits the .sulpliato in crystils on cooling, l^rom hot concentrated solutions tho 
sulphate is deposited in small very brilliant , yellow setdes which, under the microscoix). 
appear to belong to tlic quadratic sy-stem. In larger crystals it lias a dark wine-red 
colour like that of Xiintbocobaltic salts. It is but slightly soluble in water, even fit 
the lioiling heat, more soluble in hot dilute sulphuric acid. 

Tho chloride 8N’lI*.CV(NO-VCl“ is best prepared by boiling tlio crude siilphato 
with barium chloride, and a little hydrochloric acid. It forms beautiful iridoscont 
crystals of tlio cluiracteristic sliorry-’wino colour, which Jire rather more soluble llifiii 
tlioso of tho Bidphato. It combines with various metallic chlorides, forming (louble 
sails. Tlio aurochloride, 8NIl®.Co'(NO-yCl*.2AuGP, forms an indistinctly crystalliim 
precipitate of Ji lino caiuiiy-ycdlow colour. Thu plafino-chloride, 8NH“.Co®(NO-)*Cir 
PtCI*, separates in lino orange-brown prismatic crystals on adding u solution of Bodio. 
platinic cliloride to croceocobultic nitrate. 

Tho chroiiuite, 8NH* Co-(NO®yCrO^ and dichromatCt 8N1P. Co-(N0®)*Cr*0*, are 
obtained by precipitating a solution of tho nitrate with potassium nionochromate or 
dichrornato ; the first forms brilliant lemon-yellow scales, tho second orange-yellow 
needles. 

Tho pcrjodidct 8NIP,Co“(NO-)^I®, is obbiincd os a cjystalline precipitate of a mag- 
nificent cinnabar-red colour on adding a solution of iodine in potassium iodide to a 
solution of tho nitrate. Heated with a solution of sodium sulphite it is immediatuly 
converted into the y’cllow di-iodidc. 

Tlio chloride sulphate and periodido of this scries may be represented by the follow- 
ing constitutional formulae, 4 of tho iodiuc-atonis in the last being regarded as triva- 
lent : — 


vt 

Co- 


/NIP— NO’ 


rNH»— NO® 

r 

NH’— NO’ 


NH«— NO® 


NH’— NH’— Cl 
■ NH»— NH’— Cl 
NH’— NO’ 
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NIP— Nil® / 
NH®--NO® 

vl 
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;N1P— NO’ 


NIP— NO® 

1 

j 

Oblarlile. 


Sulphate. 

1 


NH»— 1— NO’ 
NIP— NH*-X 


Periodido. 


Erdmann's When potassium nitrite is added to a solution of cobaltous 

chloridB.coiiteiiihig excess of ammonium chloride, oblique rhombic crystals ani depo- 
sited, to which Krdmann assigned tho formula Co*(NH*)XNO*)*K* SnEPi* 870). 

exhibits a curious relation to tho crocoocobaltLc salts, tho numbcffof atom* 
of NO® 111 either of tho two being the same as that of tho atoms of NH* in thfl 0 *®'* 
further, on adding a solution of Hrdinaiin’s salt to a solution of croc 0 OCX)hdltioidt^^' 
potassium nitrate is formed, and a double nitrito, Co»(NH")<(NO®)“.Oo*(NH*)^HP^** 
is precipitated, which gives tho reactions of tho croceocobaltio salts. V' ^. 

A few other octnmmoniated cobaltie suits have been described by 
Gibbs and Gcnth, in 18&G, obtained, in more than one reaction, small ^ ^ 

leok-groon cr^rstnlline precipitate, tho Ixise of which they termed 
cobalt. This body was afterwards de.scri bed byF. Eoso. accordinff 
its composition is Co=(NH»)'»Cl«. Kunzol (J, pr. Chem. Ixxii 218) 
sulphate which appeared to have tho composition Co*(NH*)*S* 0 >*. 

Flavocobaltio salts (Gibbs, Detit. Chenu Ges. Ber.iM. ' 

niatod compoun ds are closely related to tho xanthocoboltic salts ; 
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Xanthocobaltic chloride . « . 10NH".Co-(NO2)*X*. 

Plavocobaltic chloride . . . 10NIP.Co^NO“)*CP. 

yiavocol/aliic chloride is obtained by adding a hot fsoliition of piirpureocobaltie 
ihlorido to a solution of sodium nitrite' mixed with a few drops of acetic acid; the 
liquid then acquires a deep orange colour, and, on cooling, deposits crystals of tlavo- 
cobaltic chloride : 

‘lONH».Co=Cl“ + 4NaNO® « 4NaCl + 10NTP.C(i«(NO®)'C13. 

Flavocobaltie chloride is very much like xanthocobaltic chloride, and forms ■well- 
crystallised double salts with the chlorides of golil, platimnn, tin, mercury, and other 
metals. Treated with an ;icid solution Of silver, nitrate, it yields Xtmlhocvhaliic 
nitrati', together with silver chloride and nitrito, accortling to the equation : 

10 NH».Co=(NO-)H:!V^ + 4AgNO=» = 2AgCl + 2AgXO- + 10NmCo=(NO=)-.(NO=''/. 
With ammonium oxalate it yiedds xmithocohaltic oxalate^ togotlior with animoiiium 
cliloridc and nitrite. With potassium ferrocyanido, it yields xanthocchafiic faro- 
njtuiifk : 

10NlP.Co=(NO*)^Cr- + K^PeCy" 2KC1 + 2KN02 + 10NII'*.Co-(NO*)2FcCy«. 

Flavocvhaltin sulphalc has the oomposition 10Xrr*.Co-(NO'-*)-.SO^ ; the rtitraic is 
anh3'dc(ai.s and c«jn1ains 10NIP.Co-(NO-)*(NO*)* The chloride, sulphate and nitrate, 
are crystalline, Jiave a deep oi-ange-red colour, and are easily soluble in hot Mater ; 
they give llocculent, precipitates with cyanides of alkali-inotal, and Avilh tlio nilrate.s of 
liaiinum, cobalt, nickel and eadnii uni ; xanthocobaltic nitrate does not, forma pre- 
cipitatc Mith either of thc.so reagents. 

PnrpnrcocohnUiv cldoride forms, -witli silver nitrate, a brown-orange-coloured solu- 
tiun which, after evaporation, deposits octahedral crystals of the salt lONII^CoXXO-)*. 
We have, then, the following series of .«alts : — 


10NH*.Co®Cl« 

10NIP.Co2(NO*)®CP 

10NIP.(!o2(NO2)<CP 

10NIP.CV(NO2)« 


Sonic roseocohaltic ami purpurcocohaliio salts aro capable of taking up bromine and 
loJino by direct addition, forming ci^-stallino, but very unstable, compounds. Lutco- 
Luhnitic salts also uiiito with lialogens (Gibbs). 

Lntr.ocoballic ckloritlc^ 12NIP.Co*Cl''. — Dana described the crysUils of 
ilns .salt as trinietric (i. 1005) ; but, according to recent measurements by C. 
Khin (.fiwa. Vh. Pharm, clxvi. 188) they are monoclinic, having the 8x98 a \ b I 
1 iIloOll : 1 ; 1 11287G6. Anglo of inclined axes: bfC::^&7^ 31' 9''. Principal 
angles: OP ; -j- Poo -113® 12'; +P ; +Pao =151® 46'; ooP : ooP«127® 30'. " 

Ohst i-ved forms (fig. 8) : 

«f, +r«. +2 Pqo, +P, (-iPa,), («Poo),’ oeP, («P3)j 

^ y o H T Sf 


niorc rarely : + ’P, qc Poo , and ns twin-face + .jPoo , 

Tl . ** : ' 

U3 crystiils are sometimes tabular according to OP, sometimes prismatic according to 
f ui the latter case ivith felspathic development. They seldom occur os simple 
imiividuals, but frequently as aggregates, some of 
^ 8- whidi may bo referred to regular twin-combina- 

tions, in whieli either: (1) ths twin-axis is the 
principal axis, and the combination face is 
00 Poo ; or (2) the twin-axis is the normal to 
•f JPoo ; twill and combination face + JPoo . The 
combinatioiu) formed according to tlio first law 
aro contact-twins, alway's implanted by tlio end 
which exhibits the ro-cutcring dome-angles ; those 
formed according to the second Law aro either 
contact or intersecting twins. Besides these 
lar oombinationF^ others fre^^uently occur which 
are formed with a certain regularity, but cannot;, 
perhaps, bo called twin-crystals in the ordilniMty 
sense of the word. Their stnicturo may bo under- 
tJio full,. . stood by regarding tliom as formed iiccording to 

bam- Twin-axis normal to the base; combination* oiid ttrin-planc, the 

‘'••>6, angle of rotation 180®. 
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Tho piano of tho optic axes is pcrpondifiilar to tlio piano of symmotry, and the first 
positivo jnodiaii lino is nearly at right angles to OP, while the socond comeides with 
the ortliodiagbnal. 

Double salts of Luteocohaltic »}ilrphaie,~-~Vn\on a solution of this salt is mixed with 



eerous KuJpluite is mixed with lutoocobaltic sulphato, a ceroiis double sulphate is 
formed, having the composition 12N.IP.Co-(SO‘)“ + 3CeSO* + II“0. This salt forms 
small crystals utidist.ingui.shablc under the inieroscopo from those of tho eerie double 
siilt, and apparently isomorphous with them. Exactly similar ccrous and ceric salts 
iiro ’formed with roseocohaltic sulphate. These, likewise, appear to bo isomorphous, 
but they do not form lucasurablo crystals (G. II. Wing, Deut. CJiem, Gcs. Her. vi. 
508). 


COBA&T-YSK&OWt Tlic yellow prcciiiitatc formed by the action of pobissiuni 
nitrite oil cobaltous suits was regarded liy Stromeyer as a basic potassio-cobaltic 

nitrite, 3K*O.Co“0\riN-0=* or Iv«(Co*)'* (i. 1058). Erdmann, liowevGr, 

afterwards sliowi'd (J. yn*. Chm. xcvii. 385; Jahr^fh, 1866, 24.8) that the com- 
position of tho precipit ate thus formed varies accordingly ns the solution is acid or 
nontral: a neutral solution of cobaltons chloride yielding with excess of potassium 
nitrite a yellow crystalline precipitate of poiassh-cohaltous miritc SCoK'-XNOOHirO, 
or 3(CoO.N-0=' + K-O.N’O") + II-O, its composition being the same wbelhcr thu 
precipitation hikes place in contact with tho air or in an atmospliore of carbonic anhy- 
dride, whereas a solution mixed with cxce.«s of acetic aciil yields salts of more complex 
and somewhat uncertain composition, containing, according to circumstances, cither 
cobaltous or cobaltic oxide. These oliscrvations have been confirmed by Sadtler (W//. 
Am. J. [3] xlix. who finds that wlu'ii a solution of cobaltous chloride stwjngly 
acidulated with acetic, acid is mixed w ith a concciitratcd solution of potassium nitrite, 
ii salt is formed which, after washing, first with potassium acctalo and then ^yith 
alcohol, has the comyiosition of tripotassio-cofjaltic nitrile Co'-O*.3N'‘0" + 3(K*0.N®0') 
or According to the concentration of tho solution employed, it sepa- 

rates ill combiimtion w ith 4. 3, 2, 1 mol. water, or in tho anliydrous state, the colour 
varying accordingly from light yellow to dark greenish-yellow. It is easy to se^ 
thoroforo, that mixtures of those several hydrates will frequently separate out, and it 
is difficult to give an exact yiroccss for obtaining either of them in a definite state. 

A solution of coballous chloride kept constantly acidulated with acetic acid yields, 
on addition of sodium nitrite, first a brown precipitate of tetrasodio-cobaUiG nitrite 
Co"(NO=)“ + 4XaNO- + iI-0, and, on further addition of sodium nitrite, trisodio- 
Mallio nitrite Co-(NO’)“ + oNaNO- + II-O. The solution of tho lattOT salt mixed 
with luteocobaltic chloride yields a yellow crystalline salt insoluble in water, m 
wiiich the sodium is replaced by lutoo-cobalt, its formula being Co*([N0*)^ + 

manner are obtained the corresponding rosco’ 
cobaliio salt Co-(i^O-)® + Co'-(NII*)‘'’(NO*)'', and a xantkocoballic salt which, howler, 
has not been analysed. Tim corresponding ammonium salts, viz., tclranimaniO’C^^^ 
nitrite Go=(NO-)'‘-+ 4(NK^)NO- + 211*0, ond hcxammoniocobalfic nitrite Co^CNO*)* + 
e(NH^)NO- + aHK), have also been obfciinod; but tho conditions of their 
have not been ascertained further than that tho hexammonio-componnd is formw 
strong .solutions of ammonium nitrite and cobaltous chloride are employed. No sub- 
stituted compounds have been obtained from these ammonio-salte. ^ . 

A warm solution of cobaltous chlorido yields, on addition of a dilute 

of potassium nitrite, first a black or green crystalline precipitate of potassithdie^l'*^ 
7 iUrite 2Co(NO-)- + 2KNO" + ll“0, afterwards a yellow, slightly 
amorphous precipitate of putassto^monocobaltmts nitrite Co(NO*)* + 2KN0* + ^ ’ 
the latter agreeing in composition with the salt which Erdmann obtai^od, V** 
similar circumstances, except in tho amount of water (l5adtlor). 
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doocoarar, 


See Cyanides. 


seeds 

other, 



daplinm by not yielding sugar when boiled with dilute sulphuric add 
Ziitschr. f. Chem. [2] vi. C81). See Daphne. : 

COOBIttSAZit The following determinations of thd compoiilt^"^ 
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and carmine, from viirious sources, have been made by C. Mine mid. Ixviii 

ti6G):— 


1 

i 

Covhinenl 


Carmine 


!■ 

' i- 

— ^ 

r 

So-(;ulIC(l 

Chti-u 

Vert 

Frfim 

Pruveiict* 

From 

^fpnin 

Fi-i'in 

Poloiid 

Abater and loss 

.1700 ’ 6*060 

4*135 ! 8-033 

7'214 

6-435 

6855 

6-217 

Sloariii . . ■ 

8155 : 10*131 

3*090 4-255 

3108 

2-925 

2 935 

3-120 

Miirguriii . . 

8-451 ! 8-293 

3'0()7 1 3*108 

1135 

1-409 

1-517 

2006 

Insol. matter . 

6-172 i 6 004 

12*712 14-159 

12*735 

11-728 

11 892 

11- 145 

Nitrogenous ) 
iiifittcr ■ f 

7115 7152 

15*115 ;i21S2 

15-355 

14-916 

14-925 

13-277 

Subs timers 1 
siilitldu ill j- 

water . . J 

Colouring ) 

' mil tier . . f 

Airh . . . 

: 13-208 ; 10 031 

30-674 ■17-617 

25-965 

30-248 

33-841 

3 7755 

-ia*823 •19*007 

j 

26*172 ;33 795 

26-955 

21-190 

20-975 

15100 

! 3*376 1 3 322 

5065 1 6-210 

j G-233 

8-150 

7 060 

8-080 


100-000 100-000 

100-000 99-369 I 99 000 

100-000 

1 00-000 lioo-.ooo 


* ColourlaiT matter of Cootaineal: Carmine or Oarmlnlo Aold.—Tlio s.-ilts 
of earminitr acid arc generally violet. Puro calcium carminato, however, is a black 
precipifato which appears greenish when in thin layers. It is formed by treating car- 
niiiiic acid or a decoction of cochineal "with ailcium bicarbonate. The precipitate pro- 
ilucod is insoluble in water and in alcohol, but dissolves in concentrated acetic acid. 
Jn ooriUict with an excess of lime-water the black carminato becomes deep violet, tho 
solution also assuming the same colour. The lime employed in theso experiments 
contained no traces of iron (Guignet, BuU^ Soc. CMm. [2] xviii. 162). 

Testing. — .T. M. Merrick {Pharm. J. Trans. [3] i. 906 ; Chem. Soc, J. [2] ix. 601) 
compares the colouring power of difforont samples of cochineal liy boiling equal weights 
of llio samples wth water for tho samo time (2 grams with 760 c.c. water for half an 
lionr), and adding a weak solution of potassium permanganate to equal volumes of 
tlicKc decoc(jou.s till tho original deep red colour changes to a very pale pink, almost 
yellow. The quantities of colouring matter in the samples thus treated are directly 
proportional to tho quantity of permanganate roquirod to produce this change of 
colour. 

Spectroscopic cJtaracters.— An ammoniacal solution of carmine, oxaminod by the 
^pectroscope, exhibits two dark absorption-bands between the Fraunhofer lines D and 
h, like those of blood, one situated at 8°, tho otlicr at 9°-10° of a spectroscope having 
a scale of 20°, in wliich tho sodium lino falls at 7*7®. With suclia spectroscope, there- 
would be impossible to distinguish an ammoniacal solution of carmine from that 

Tho aqueous .solution of cochineal docs not exhibit any dark bands, but on adding 
fimnionia in quantity sufficient to give tho solution a red colour inclining to violet, the 
Mvo dark bands of tho ammoniacal carmine solution make their appearance (Campaiii, 
^ruszetta chimica Ualiana^ i. 471). 

^itrococcusic acid, C"H*(N0*)*0*. — This acid, which De La Rue obtainod 
^ the action of nitric acid on carminic add (i. 804), may also bo prepared by 
jP^iaually adding finely powdered carmine to boiling nitric acid (sp. gr. 1'37) as 
g as the violent evoluuon of red vapours lasts. On cooling, tho liquid solidifies 
ir*** crj^tals of oxalic acid and nitrococcusic acid, which are separated by ro- 
} st4vJiisation from very dilute nitric acid. Tho nitrococcusic add is thus obtained 
"“Very plates. On heating it with water in closed tubes to 180®, it el^Hts iib 
Du 1 I «'®3Lido and trinitrocrcsol, C^H*(NO’*)*OH, identical with that Vhich 
coal-tar crcsol. This reaction shows tluit nitrococcusic add is^ 
t the isomeric trinitrocrosotic acids, and tliet the colouring matter of cochineal 
655 )* henzene-residuos (Liebormanh a. van Dorp, Bent, Bar, 

Aci? C'«H**0*. — On heating a solution of carmine in concentrated snlphuric 
, iiio yellowish-rod colour of the solution changes at 120® into vidoti ca^jboA 
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dioxido and sulplinr dioxide being evolved at the same timo ; and if, after the tompeni* 
turo has been kept for somo time at tlio liquid be poured into cold water, 

ruficoccin is obtained as ii brown precipitate, which may be purified by washing, dry- 
ing, oxhaiisting with boiling alct>boU and evaporating the solution. 

It is very s^viringly solublo in cold water; dissolves in alcohol with a fine yellow 
iUiorescenco. When heated it gives off red vapours which condense to yollowisli-rcd 
needles. It yields a calcium-coin pound having the composition C"*JI*'CaO''. 

Jiy heating ruficoccin with zinc-dust, a solid crystalline hydrocarbon, C*®]1>-. 
fjbtaincd, which sublimes in white plates, melting between 183° and 188°. It yields 
by oxidation a quinone resembling aiithraquinonc, but melting at 250° (anthraquinono 
melts at 275°). 

Another body formed at the same time as ruficoccin, by the action of suljdiuric luid 
on carmine, .'I ppears to have tile formula .and inasmuch as it yi(d«l.s, aiUa' 

heating with i):iryta.- water, the same liydrocarbon as ruficoccin, it appears to coiiNiiii 
Mio same carbon-nucleus (Liebcrmann a. van Dorp, ibid. iv. 650; Ann. Ch, Pham. 
clxiii. 97). 

Ji ujicarm in^ C'^Tr’-O®, another condens.ation-product of carmine-red, is formed l»v 
Jiirating carmine with water. A dark resinous body is tlieii dcpo.siliMl, from wliiih 
riificarmino m.ay bo extracted by ether. It is a carminc-coloiiretl ]Hjwder. ditl'eriiig 
from carmiac-ivd by its total insolubility in water, and from rulicocciii by- its extronio 
solal)ili(y in alcohol. 

Ibiiicocciii and ruficarrnin are intimately related lo coceinln, the siib.stance wliii.!: 
Hla.siwetz a. Grabowski obtjiiiicd by fusing cariu in e-red with poln.'^li ( b'-V iS'e/#p/. 111). 
TJieso cliemi.sts assigned to it tlu? forniuJ.-i but tlieir analyticjil mimlicr.s 

agree equally well wdlJi the formul.i in lact, cocciniii gives by analysis very 

nearly l lio same por-centago of carbon as ruficoccin, and a larger proportion of hydreguu,, 
as appears from the follo\7ing comparison : — 


Iluflcoccin, accoi'dimr to 
Lirhcrinaiui a. van Dorp 

C filO 63-58 6.3-78 63-9:5 01 17 

It 1-51 1-05 3-60 3-76 S'OZ 


Cooohiin, nrcorliiig 

a. (iniliou'.xkl 

^ . , 

618 61-3 Gl-5 65-0 
4-8 4-3 4-3 4-7 


It has not, however, boon found possible to obtain coceinin from rnficoeciri or nifi* 
Ciinnin by the action of .sodium-aninlgam or hy fusion with alkali (Licbermann a. van 
Dorp). 

COCXLCBAFSXa Mclolontha vidt/mus . — Tlicso insects contiin, togelhor with 
leucine and other substances, a colourlcs.s crystalline substance called me lolon t liine 
(!f. t-.). 


COCOA^WTS* Tlio fatty matter extRoctc^d from these nuts is used almost 6fi- 
clusivoly for tho manufacture of toilet soap. Tlio Ciiko left after the extraction of tlw. 
fat is used in England as fodder for cattle, in Ifcily as manure. 

Tho oil-cako of the cocoa-nut wais examined some years ago by Grouven (IfVcArti- 
blatt der Annafeti der Landivirthschaft^ 1866, p. 453), who found : — 

In 100 parts of tho air-dried oil-cako — 


Proteids Oil Cclliilo^jc 

21-20 , 8-60 7*70 

and in 100 parts of tho asli (CO- deducted) — 


Wilier 

9-36; 


K-0 Nn'O CnO MgO Fc=0" 1”0* 80“ SIO“ Cl 

40-67 2-30 4-71 2-95 ,3*54 2608 3-78 3*38 13-42 ■ 

As, however, the ccx.’oa-nuts nov/ sent to Europo aro of selected quality, and mWa 
carefully freed from tho other parts of tho fruit than formerly, and as, morooTorj iMOy 
improvemomonts have been mado in tho extraction of tho fat, it has boon, thought 
worth whilo to mako a fresh examination of the cocoa-nut and of tho oil-cake, 
is obtained for the soap-works of Cav. Mazzuchetti, in Turin, and sent in largo quan- 
tities to England as fodder for cattlo : 

Water .... 

Eat (extracted by CS®) . 

Celliiloso „ 

Mineral substances 


100 parts of the fresh oil-ciiko contain 2*7o p.c. niti-ogon, and ^00 
Contain 24-36 p.c. phosphoric uuhydrido (Nallino, Qaszctta chimica ' 


C;)raa-nnta In tho 
natural state 
. 6-80 
67-86 
24-80 
1-65 


100-00 


Oil-cake from aasUchflfcil ■ , 
^api>worloi 
11-60 
12-34 
69# : 
e-ri < 

lob-oo 
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CODABCxmi- Hesiso, in his latest communication on the opiura-haBcs (Ann. 
fA Pharm., Sttppf* viii. 261), assigns to this com]:MJiiml the formula 
iiistiHul of iho fornior one Suppl. 480). llo finds that it molts at 126° 

wiifn crj’fitalliKod fi'om benzene, anti at 121° when crystallised from alculiol or ether; 

V itii ferric chloriilo it forms a darlc green liquid, with separation of ferric oxiilo. It 
{ippe:irs to form compounds with caiistiu alkalis. 

CODSlWSf C”IT-‘NO*, or Action of Hydrohromic acid C^’^right, 

Vroc. d04). — It hns botm shown by Matthicsson and AVright (].vi 

Huppl. 480) that w'hen codeine is licated with ii large excess of strong hyilroc'hloric 
aciil! the following rcactioiLS successively take idaco 

C“IP-N-0« + 2TtCl -= 2H-’0 + C’"If'"Cr-N=0' 

Ciiileine (Milorocmlidu 

C=*“1P“C1»N=0« = 2GH>C1 + 

Clilorocmlidc Ajioiuorphitic 

When codtiiiio is gently heated witli liydrobromic acid, the first sl-nge of the reaction 
appears to be similar to that of Jiydrocliloricacid, yielding bromocodide, C**JI*"J{r‘'N-’( )', 
analogous to clilorocodide ; but this base appears to bo further acted on with great 
case, giving rise to two others, viz., dooxyeodoi nc, soluble in etlu r. 

and hrorno-tetracodoiiie, insolublo in ether. These reactions 

may be repivseiited as follows 

C’®ir“Jlr=X-0* + 4C“1{«N20“ = C^TT^N^O^ + 

Bronuu'odidc Crxlcitic DcoxyccKlciuc Dromo-tctriicodi‘ine 

Moreover, 1 he formation of bromocotlido is preceded by that of a brominatod baso 
iiavirig the composition C“®.U”ilrN-0*, the nctiun in this respect also being analogous 
IB tliiit of hydrochloric acid. 

IhoTuncoilido is not easily obLained pure on ncooiint of the facility with which it is 
alUn-fd; hut, by digc.sting 1 part of codeiiio at 100° for an hour or tw'o with 3 parts of 
acid solution (containing 48 p.c. HBr); precipitating with excess of sodium carbonate; 
tutoring to remove excess of codeine, W'liich roinains dissolveil; exhausting the pro- 
ci'jiitato with ether; and agitating the ethereal solution with liydrobromic acid, cnide 
Imlrnhrnmidc of bromocodide is produced ; and by repeating the process and ]n'ecipi- 
t.!iiug fractionally to remove colouring matter.s,the purified hydrobromido is obtained, 
yielding by analysis numbers agreeing nearly with the formula C''“H^*Br-X*()'.2IlBr. 

CriKlo hydrobromido of broniocodidu, obtained bv digesting codeine for fivo or six 
lieurs with from throe to five times its weight of acid containing 48 p.c. HBr, deposits, 
on .‘itiinding for some days, cry-stals not readily soluble in cold w’ater ; thc.so recrystal- 
lised several times from boiling water, produce mimito snow-wdiito crystals wliich 
slightly darken iu colour on dr}'ing over oil of vitriol, and on analysis giro numbers 
agreeing with the formula of dooxycodcinc hydrobromide, 
liromoidrncodcinc is conveniently obtained as hydrobromido by treating codeine with 
three times its w'eight of hydrobromic acid containing 48 p.c. HBr for tw'O hours on 
Ihi! waicr-hat h, precipitating the proiluct (diluted with wat r) with excess of sodium 
carbonate, exhausting the 'wcU-dr.'iined precipitate -with ether, dissolving the residue 
in tlic smallest possible quantity of weak hydrobromic acid, and fractionally precipi- 
tating by cautious adilition of stronger acid. The second precipitate is dissolved in 
water, in which it is readily soluble, and a few drops of solution of sodium carbonate 
JPo added. The filtrate from this yields, with strong hydrobromic acid, nearly white 
flfikes, which are wholly devoid of crystalline character under the microsco}^. Those 
renuiin solid at 100°, if previously completely dried over oil of vitriol, but, if waianed 
while moist, ,aro convert^ into a more or less coloured tar. Dried at 100®, they give 
numbers .agreeing with the formula, C^*H“BrN^O«.4HBr. 

• (xluim carbou.ato throws down from tljo hydrobromide a nearly white precipitate. 
Which rapidly darkens, and finally becomes deep green or nearly black, owing to rapid 
jsorption of oxygen ; an analysis of the altered product gave the formula for bromo- 
111 plus 9 atoms of oxygen; the salts, however, when dry, may be kept with- 
slowly darken by exposure to air only when moist, 
bprt™ roactions of bromotctra^cine appear to be identical with those qT 

. mo- and chloro-codido. The baso itself, when frefiJily precipitated, is slowly soluble 
thrown down. again by the addition of strong brine; in ether and 
' zone It IS almost insolublo, and in alcohpl but sparingly soluble., 
t.itefi hromotetracodeiiie is dissplvcd in weak hydrochloric acid, and proeipi- 

' f»i t iin 1 tlirico by excess of str^ger acid, nearly white fiakes are ultimately 
of n. k’ ™®l‘'^h6n dried over oil of ptriol and finally at 100®, have the composition 
hydrochloride of chlorOtetracodoino, 

2)/^ 5 ph^ical and chemical properties, dotely resotuhles 

" B B 

.V' ■ . . . ■ 
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bromotetracodein^l the qunlittitive renctions of the two bases nro idcutical, they have 
an intensely bitter taste, and apparently but slight physiological action, at any rate in 
small doses. 

When hydrobromiilo of bromoLetraeoileiuo is heated with hydrobromic acid, the 
homologous base broinotetramorphiiic is produced, with elimination of hydrogen 
bromide ; — 

+ STlIlr « 8CIl*I5r + 0'-'‘*H’*"llr-N"0« 

Bn.motetriu*«)diMnc. Bromotetraiuerpliino. 

By tho action of l>ytb:ocliloric acid in the cold on bromotetraraorphirie, the corre- 
sponding ohlnriiiatiKl base, clilorotetraiiiorphinc, is formed; and by interrupting 
the action of hy<lrobroTnic acid on codeine at a certain point, a base intcmicdiiito 
between bromotctramoi’iihiiio and bromotctracodcino appears to bo forniod ; and thii!, 
by tho action of hydrocliloric acid, is converted into tho corresponding chlorinated bfiSfo 
jchloro-dicodeino-dimorphiiie, 

By the action of hy< I i-o bromic acid on bromocodidc, methyl bromide is formed, and 
simultaneously broniotetraTnor]ihinc, and apparently a base, d coxy morphine, 
homologous with deoxycodciiio ; this latter, like its lioinologuo, much 
resorables apomorphine in chemical characters, but produces no vomiting; it is doubt- 
fill whether dooxy morphine lias been obtained perfectly free from dooxj’codeine. From 
theso results, taken in eoiiiunction with former ones, the following formulae arc as- 
cribed to the corresponding bases : — 


Codeine. 


fl’.r- 

I{OCU“)'“ 

BroraocodiUc. 


Dcoxyniorphine. 


Bcu^ycodcine. 


Bcoxymorpliine docs not seem to bo produced by the action of hydrobromic acid on 
deoxycrxloine, tho only product being a black substanco unlit for analysis, along with 
a littlo methyl bromide. 

Dr. Michael .booster has examined tho physiological action of the foregoing derivatives, 
and finds that the chloro- and broinotetracodoino and totrumorphine salts produce in 
adult cats a condition of great excitement, almost amounting to delirium in younger 
animals ; a want of co-or»Ji nation of muscular movements follows, terminating in sleepi- 
ness, stupor, and death. Paralysis of tho inhibitory fibres of the pncuniogastric appears 
to bo produccxl in cats and dogs ; with rabbits all these salts appear to he almost 
inert. 

Deoxycodcine and dcoxyniorpliine salts arc absolutely dostltiito of emetic properties; 
in adult cats they produce convulsions of an epileptic character, followed by tho 
symptoms obstTved in the case of the tetra-bases. No marked difference could be 
detected between tho hydrobromklc.s and hydrochlorides of cither base ; whereas with 
the tetra-bases, tho morpliino-coinpouud.s apjioared to bo rather moropotont than their 
liiglior liomologucs. 

Action of HydrocJdoric Acid , — By acting for 2^ hours on codeino with 6 to 6 parts 
of strong Jiyilrochloric acid ii viscid uncrystnllisablo pnjduct is obtained, which is 
inferred from its analysis to be a inixturo of the hydro-chloridcs of two chlqrinfitod 
bases, viz.; 

4C«H«C1N20».2HC1 and 5C”H*'‘Cr“N*0*.2HCl, 
or (C nCl).2HCl and (C -f- 21IC1 - 2n-0).2HCl 

whore 0 « codeine 

Prom these mixed hydrochlorides sodium carlK)nate throws down a mixtmw 
bases O + HCl and C + 2HCI — 2H*0. botli of which are soluble in others 
non-crystalline salts ; the second is identical with chlorocodide derived fpoin:O0M*®® 
by substftution of Cl* for 220. 

It thus appears that the formation of chlorocodide is preceded by that of 
containing only 1 :itom of chlorine to 36 atoms of carbon, and consequent^ 
must be represented by a formula conU'iiniiig C“* at least; but as ordinwy 
formed from chlorocodido by tho action of water (ls« 480), chlbPOW# ^^ 

bo a derivative of ortlinary codeine, and not of any of its higher p6ly««#Ji^';.^ * 
consequently the molecule of codeino must also contain 36 atoms carbon. 

By tho long-continued action of hydrochloric acid on tho mixture of 
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as abovA di»«nt results are obtainoa aMording to tho circumstan&s of the experi 
,„ent. Mattliiesseu a. Wnglit shotred {1st Siippl. 839), tliot by actinit on c^oi^ ?t. 
arnlod tabts at 140 -ISO with strong hjdtwUotjc ncid, motiiyl Chloride is formed, and 
aporaerphi no results, mtA tint obtained /hm mo^piine. When hou4vor 

(he adioii IS allowed to toko place at 100», dilSiront bodies result ; methyl ihlorido is 
elmiinated, but Uie elements ot water are not removed to such an extent as to produce 
aioinorphino, two isomei'ic ba^ being then formed, intermediate in composition bo- 
twirn morphine and apomorphiiie. Ono of thiao liases yields crystalline salts and is 
readily liable in ether; tlio olher is insoluble in that liquidr?T^“s a^I “ 
s, ts, iiiid ovalently belongs to the • totra ■ series. Tho two bodies aw, therefore!^ ran- 
sicloi’cJ to have respectively the lormiilae : vxvlv, kaju 

C“H«N'0'»... ==(5t*-2Hm 
C‘“H'"N"0“ . . . = (M< _ 4H-0), 

rmd arc napectiyely tormed dlapo-dimorphtnc and ietrapo-tetraniorphme. In phvsio- 
ogical efflaits, diapo-dnnorphino dras not resemble tetraiio-dlmorphino (apomorphlno), 
II, c cxponmeiito o Dr. J. G. Blackleg ndiaating that doses of O'l gram ^von sXu- 
bos ous y to cats do not produra vomiting but only profuse salivatfon. The remwal 
,.t Ills clc neats of wator from (hypothetical) dimorphine and from tetramorphineXis 
r,™ (o a .bflcrant kind ot a toration in the physiologieal effect (on cats) of the rnult- 
...g piAluct, tho emetic action being less in tho first case the more of the elcmcnto of 
Wiitur an; remnvctl, and 7nore so in tlio second case. 

!>'•«««» "/-PAoipAoriw (Wright, Proe Jlov 
.Sg(. XX. 8 ). IIio first action appears to bo in accordance witli the oquSiion : 


CMTI»2X2(:)« + 2111 
Coddnr!. 


2CJ1*I + 

Morphine. 


the quantity of methyl iodide evolved being dose upon that required by theorv this 

(4C H*‘'N*0*.2III) + 28III = 8C1PI + 81’ + 

liii[Ilbst"li*„M"'^ boiled so that tlio toiling point rises to U0»-I16<> bvthfl 

rises to isio 1 w ^ i ’1“ imrformed rapidly, so that tho boiUng 

th„s-_ * ^>0 end-product contains 0" less thsin this latter body: 

C'wI|ikIiN«0«.8HI = 4H’0 + C>wn*®^I«N«02» RHT 

8J1I + 8HI s 4H*0 + 41* + C'*"H'*^rN''0“.8HI. 

"iSmSSiS f^i'^binees much resemble ouch other ; they form colourless tarry musses 

fnwthoorri™.! jT decomposition; from tho solution buses dorived 

'■■I'cir qualitft"™ « by subtrai^on of ^o elements of HI mny be obtained; 

'liffiin'iit from ttiose of their deriyativ^ but utteriv 

UM utterly 

■”d«dcdinon^orotL^m;tw“|eu^%S^X^^ 


*X + «HI + p H‘0 


j, - *Y + »m±pipo. 

'“’ijVfwsometil’^W “1"!“^ ^ (** + “HI) in boiling water and 

by similar troatmontp and is 


(4X + 6111) =. HI ^ 
(*X + 6HI - 2U*0) 


, -~r aau. uuuuueu W 

18 also formed from the substance obtidnedafc 
“ produced by the reactions : 


+ + (4X + am - 2 H>o) 

>) - HI - (4X +. am - 2aK)). 


D u 2 
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On similarlv treating the suhstanco thus obtained, a further reaction tahea plate, 
indicated by the equation : 

(4X + lOHI - 4H*0) = 2111 + (4X + SHI - 4H=0). 

If the original product formed at lUOO-lSo® lx. trei.tcd ii. like manner, it fimilly 
yields au analogous substance formed by the reaction : 

(4y + 12III — 4U=0) + 811*0 = 4HI + (4Y + SHI + 4H*0), 

the elements of 8 molecules of water Iwiiig tlins taken up. 

On treat in- the original cxlci.ie-prodnets with alkalis, tlio same reactions appear to 
ensam ! jdcIdYng the free basis (4X V 2111 - 4pO),.(4X + 4IU)and (4X - 411=0). 
Of these the one containing no iodine is lc.ast soluble iii ether, and the oiio contaiuiiig 
most iisline is the most soluble ; tliey readily absorb oxygen •'“r- 

On again subjecting tlieso derivatives fornieil by water or alkalis to the action of 
hvdriodK-. ;u-id. Iwslics an. iir.xluc.sl, not identical with those flrst obtained froiu 
Oleine, but still belonging to the same fomily, and dei.otad by the ^me genen. 
formulm. The retudlons represcnteil by tlic following equations Imve Wii vcnlicd 
qujintit.itivi'ly : 

f4X + lOHI - 4n‘'0) + 4 III H 2411-0 (4X -r UHI + 20H=O) 

MX + 8H1 - 411*0) + elll + 24H*0 = (4X + 14HI + 20II*O) 

lx 1 12 n)+ 18HI i 811*0 = 81* + (4Y + 44HI + 16H=0) 

(1y + 8111 - 411*0) -i 2111 .. (4Y + lom - 4H*0). 

PiJtimerisaiioii of Codeine hi/ the action of Thoepliorio men coaeino is pel.y- 

meris.sl by the iictioii of hydrihromie, or l.y.lri.xli.. aeid, as m the reactions prcvinnsly 
describcl, part of the hydrogen in the is.lyiii.yide is always rcpliicwl hy bromim. OT 
iodine, forming siieh pr<xlucts as bminotctraecxlemr, di-i<Klotolnicodeiiie, &,e. JJ> tlw 
nctiou of phosphori.. mid, liowevi-r, polymcridcs arc f..rme, w-ithout the ocrarK'ncc j 
these substitutions. When 1 pirt of cxlciiie, 3 of glacial phosphoric acid, and a of 
water, are very gently Ixiilcd in an ots.ti tcs.scI until the temperature rises to umrijr 
200° a considcrablt. qiiaiilitv of tlio codeine becomes polymerised, forming stmid- 
taiicouslv dimdeiiie C’*n"'X'0'*, and trtraeodeme C“*H‘“N"0“*, which are sharply 
Ltingiifshed from codeine and f...ni each other hy their physical 
chemical reactions. The first of tliesc Isises forms a erystallmo liydrrohlonde, whw 
water of crystallisalioii is lost at 100° the base itsolf being amorphons 
diatelf, precipitated from its salts by scxlium carbonate; whereas 

and not iminediatcly pre.-ipitated by sodium carlx)tiiitc,Hiid its liydroclilo , • 

by Matthicssoii and Wright (iVw. hW Hoc. xvm. 8, ). loses """® 
cia-stallisation on .trying ov.-r the watcr-lxith at a temperature probably a 
100°. Tcti-iicodcinc is Jiinorphoii.«, f(*rni.s amorplioiw Biilts, and tliflcrs irom 
and dicodciiic by Ijeing insoUiMo in ether. 

Tliosc pol^'iiu-rides, obtiiiiuxl by the aetion ef pliosplione acid, appear to 
with the products formed hy treat ing ccxloinc with dilute sulphuric acid, viz.. ^ 

with the amorphous isoTueride of codeine wliieli Arm^^troiigobtainod byhoating cw ^ 
with dilute, sulpluiric. aeid for ii .short time only {Chew. iioc. , .jon 

eo<leinc with the amorphous codeine which Anderson obtained by tho prolongs 
of the same reagent {JCcL Phil. Trans, xn. [1] o7). On repeating the prw^ 
these chemists, Wright obt a inetl prodiiets apparontly identical with tllOBO oi w 
of phosphoric acid, with this dim»renco only, tlifit Arni.strongs ®PP®^ii:ch is 

rise to a small quantity of amit.hcr polymeride (in mldition to 
non-crystivlliiio and soluble in ether. Ita liydrochlorido utterly reiuses to 
and its reactions arc ditferent I'rom those of cither of the ** -• ^0 Tintil 

dicodeino is separable from this by repeated crystal lisa tion of its pro- 

tho Balt ceases to give a hlood-rcd eoloration on addition of nitric ac^ 
duced by pure dicodeino being a yidlow orange, not intense. l?rom tlie^ 
that in many iuBtanecs this polynieride exhibits similarity to dicodoine, ■ 
to totmcodeiiie, Wriglit regaitls it as probably intcrniodiate, 

Hydrochloric acid acts on these piolynicrides vcrjjr differontlpr. jpni 

has no action whatever after six hours’ ebullition ; with tricodoino at . 

it produces the following re.'K-tion : - ' ' 


Cio«iii!»X-0*».6llCl = 6iP0 + C«"H"«N«O“.0HCIl ; 


and with dicfKleine the following:-^ 

C'HlwN'niMHCl + HCl 


Il-O + 
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■\Vith codeino, as already obserrod, tho first action appears to bo to form an 

ailJitiou-prodiict, thus:— 

C"H^-N-0«.2flCl + nCl « C»«n‘sClN*0“.2HCl, 

fi-oni whicli water is subsequently eliminated. 

TJio composition of these chlorinated dori natives affords further proof that tho lowest 
ftilinissiblo lormiila of codeine is and that of dicodeinu Tho 

'ri‘;n ri<>»« of tetracodeims as shown below', load to ns its lowest formula, 

'riui product froin tricoduine mucli roKernblos in its properties tho apotro- 

ih iiiLi of Mattliiesson and Ihirnsido {1st Suppl. -181), produced by tho action of zinc 
rliloride on codointJ ; probably, therefore, this action gives rise to a mixture of ‘ apo* 
ili rivalivcH of tlie general formula (C'''Il'''iNO-)'*.><HCl, in which tho derivative »» = 6 

jU'i'iloniMudrS. 

Jlytlrioilie acid, in conjunction with phosphorus, acts differontly on dicodeino and 
t( triii <)dciiic. 'J'ctracodoiiie hydriodido boileil with hydriodic acid till tho boiling point 
risis to 1 ;J0° is doconipoBcd as shown by the equation : 

^ lom ^ SCII’I + 211*0 + 8Hr, 

llip product being llie liydrioilido of a ietra-bfisc iiisoliiblo (or nearly so) in ether. 

Dicoleino bccoini'S polymerised to a tetra-baso nearly insoluble in ether, but in 
!>i|<iitlon to mctliyl-cJimiiiation, hydrogen-addition takes plaoo- - 

:i(C”=Il‘“X'0'*.‘Hll) -h 17ITI = P + 4H*0 + 8CTP1 + C'*®ir^“IN«02«.8Jri. 

tlie formula of the product, proving that the minimum formula of totracodoiiic must 
njiil;iiii and not C^- only. Tl»o hydrogen-addition, however, does not go so far as 
ildui'S when ordimiry codeine is employed; thiit:- - 

Codeine at 100® ]>rodiiccs . . 8(C*W®NO* + H-) + 12111 

110®-110® „ . . 8(C”H»®NO* + II*) + 12111-411*0 

ui)tol30® „ . . 8(0»H**N0* h IT* - O) ^ 12111 -4H*0 

Dicodeino 120® „ . . 8(C”H«NO* + 11) + 9111-411*0 

Tctracodeino,, 130° „ . . 8(C”II*®NO*) -t- 1 OHI - 2H*0. 

llenco dicodeiTio is in this respect strictly intermedinto bctw'een codeine and tetra- 

Podcilic. 

The Ibllowiiig table exhibits the prinei^Kil dilfuroncos between codeine and its jioly- 
nii-rides, above described : — 


Tctracodeino 


! Alcohol, 
j Erlntr. 

I Ch.-iiMctor 
j 'base. 


Soluble, Solublo. 

S(jlublo. Soluble. 

Crystalline; Amorphous;* 
sbiblo in tho Bt;ablo in the 


i Cliiiracter of 
i hydrochloride. 


I Ferric chloride. 


1 ifitrlc acid. 

I Fetassivim di- 
cluoniato and 
I f'ulphuricaeid. 
! • odiuTii carbon - 
i »_b! und solii- 
I «f bydro- 
I cHlbridc, 


Crystallises Crystallises with 
with 2H*0 for 3’H*0 for C»; 
C’** ; not lost lost at 100°, 
at 100®. and partially 

at lower tem- 
peratures. 

Nil. Nil, when pure. ■ 


Light orangs. 
Nil. 


Light oi'ango. 
Nil, 


Solublo. 

Soluble. 

Amorphous ; 
very slowly 
oxidises while 
moist. 

Non-crystalline; 
extremely deli- 
quescent. 


Solublo. 

Insoluble. 

Amorphous ; 
ve^ slowly 
oxidises while 
moist. 

Non-crystalline; 

deliquescent. 


No colour at Beddish-puxqtle 
first; reddish- colour immo- 

purplo on diately. ' 

standing. 

Blood-red, Blood-red. 

Evanescent red. Evanescent red. 


No immediate Instantaneous Same ns dico- Same ns dico- 
prccipitata ; amorphous deine. deino. 

crystals on precipitato, but 

standing. little soluble in 

escoess. 
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CODEINE, 


Tteogciit, &c. 

1 rtoilolno 

DIcoiloino 

1 Trlociloinc 

- 

TctraccHloino | 

Caustic potasl) 

Oily precipitato 

Oii^' precipitate 

■ Same .ts dico- 

I 

Same ns dice- ' 

OTid solution 

if eoncontra- 

if concent ra- 

deine. 

doine. 

of hydrochlo- 

ted, becoming 

ted, notbocom- 


! 

I'ido. 

erystallino <»u 
standing; 110b 
markedly so- 
luble in excess. 

iugcr3\stallino, 
more dilute 
sulntious give 
a white amor- 
phous precipi- 
tate, soluble in 
large excess. 

\ 

1 

1 

1 

j 

Action of hy- 

TV»duct eon- 

Pnxluet con- 

ll'C removed 

Nil. 

drodiloi'iciicid 

III ins Cl for 

t.iiiis Cl for 

for C"*; -pro- 


not pushed Lu 
extremo. 

; afrtjr fur- 
ther action it 
CcUllJllllS Cl” 
for (;=*“. 

C‘". 

duet contains 
no ba.sic Cl. 


Action of I13’- 

.Pol3*m(.'rises to 

Pol^'merlses to 

— 

II-O removed. 

(Iriodic iicid in 

tftiM series, 
forming base.s 

tel.ra scries, 


and 111 ,'idJwi 

conjiiin'tion 

forming bases 


fjii (or I .sill). 

with phosplio- 

ilerived from 

deriveil from 


.stitiitod for 

rus. 

orCC’lD'NO-)"; 

11- being added 
on for C'^ in 
lu’oduct, ami 
CIl* evolved 
for 0*“ in ori- 
ginal. 

llbeiiigadileil 
on for C^^ in 
product, .and 
OJP evolved 
for C*“ in ori- 
ginal. 


OH), no 11 ; 
milled on; Gil'; 
removed for j 
C® in original, j 

Action of sul- 

Polymerises, 

PoU-merisos, 

— 

Nil ; further 1 

phuric acid 

forming suc- 

forming tetra- 


action preba- j 

. not pushed to 
extreme. 

cessively (U-, 
t.ri-, and tet ra- 
eod<!ine. 

codeiue. 


blydehydriitesj 
and oxidiseH. | 

Formula infer- 
red from above? 
properties and 
react inns. 

C^^ll'^X-O*. 

C«}P'N' 0 »=. 



Physiological 

JCxtreineliyper- 

No hypersen- 

Hypersensitivo- 

No hypersen- 

action of O'l 

soiisitivenes.s 

sitiveness or 

iiesH searcidy 

.sitiveuc.«s ; 

gram of anhy- 

and ecrebral 

cerebral con- 

marked ; vo- 

vomiting, sali- 

drous hydro- 

congest ion ; 

gestion; dibi- 

miting in some 

vation, or clinr* 

chloride, sub- 

dilation of 

tution of lui- 

instaiice.s, in 

rhnea in every 

cutaneously 

pupils ; no 

pils ; vomit- 

others saliva- 

case; groat de- 

injected into 

di.arrhma ; no 

ing in every 

tion and defee- 

pression. 

adult cats. 

vomiting in 
any iinstunco.' 

instance. 

With a dog, pro- 
fuse diarrhoia, 
without vomit- 
ing. 

ention. 

With a dog, pro- 
fuse salivation 

and depression. 


The following tahle, in wliidi C stniuls for ccxleine, and M for morphine, 
the. com|>OBition of tlu> cliTivativos and polymerkles of codeine above described, together 
• with their origin and their rclatioiiH to oodcine ; — ‘ 


Name. 

Codeine « . 
Chlorocodide . 
Bromocodide . 


Bkiiivatites containing arC*® (Codeine Sebies). 


Pormnln. 

C“H«N*0«. 

C*®H«ClN-^0«. 

C"H<*BrN»0\ 

0«H«Br*N*0*. 


3fo'tw Series. 
Origin. 

Codeino and l£Cl. 
Do. do. 

Do. and llBr. 
Do, do. 


Relatian to Oodsfi^ 

0 ■ 

e+HCL 

0 + 2HCl-»BP§te 

C+BBt. 
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Dkuivativks — continued. 


Nainn. 
lliootlciiic . 


Tiiootltilno 


Pormulft. 

C7=n«'N'0>^ 

C^'-IP^GIN'O*'. 


Di Series. 

Origin. Hclalion to Codeine. 

5 Codeine and II*PO'. 
i Do. and IPSO*. ^ ^ 

Difodciiio and HCl. C* + IICl — 11-0. 


Tri Serii^^. 

Cio»H'=“N« 0»«. Codoiiio and IPSO*. C=» 

Tricodcino and JICl. C"-6U=0. ’ 


Tetra Series. 

^Codeine and IPPO*. ) 

Tdriicodcine , - Do. and II-SO*. [■ C*. 

I Dicodeino and H-SO*. J 


DEnir.\TivJi:s rnoM Uasiss moke lIyDiioonNigig> than Codeine. 

(C + n*)“ Series. 

IJcoxycoclcino. C”IP'N‘0». Codeine and IIKr. (C + IP)*- d^IPO. 


Djiuivatives fro^i Bases less Uydrociexised than Codeine. 


, , , (O-D)* Scries. 

‘coTi^'Vl C'«II>««Lr=N»0«', Codeine and IIBr. 

Clilorotdra- ( ci iiTiiuuniavHn*** J Jiromototracodcino ) 
ccieino . i ^ ti iN U . jj 


(C-n)' + 2HBr. 
(C-n)* + 2HCl. 


Drrivatrks containing (Morphtne Series op Bases derited from Codrinv 
AS Starting -point). 


Apomor- 
pliiiu) . 

(Tdranodj- 
nioi-phiiic). 
i Hajiodinior- 
plniio 


C«»IpsN*0*. 


C«II«N‘0*«. 


Di Series. 

{ Codeine and HCl 
at 150°. 

Chlorocodide and 
do. 

J Codeine and HCl^ 
I at 100° { 


I 


M»-4IP0. 




Tetrapo- 
t(‘tramor- ■ 
pliino . 


Tetra Series, 

5 Codeine and HCl ( 

) at lOO’. i “• O* 


Debivativbs fbox Bases kobb Hysbooenised trab Uobfhine, 



C«H«N<0*. 




Codeine and HBr. 
Bromocodide and 
HBr. 





C»«H*“IN«0“ 

C«»*H*«PN"0» 


(ffl+H*)* -SWfs. 

Hioodoine, HI. and F. (]ii[+H^*-f‘Hl-4H'0, ; 

(*+H‘)*+«n. ■- 

Dp. do. at lid® (A + H^-riHI-dHK) , ; 
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COERULIGNONE. 


1) RIV I VATl VKS — coni hi ucd. 


( S + 1 1 ' ) * Secies — con tinMil, 


Name. Fonnula. 

Dooxy morph i IIP. C''**'! I'“r-N“0-®. 


Origin. 

\ rrocotling. treated if 
( Avitli water. $ 
Do. ilo. 
lU). ilo. 


(^laojiim^soso^ 


Series. 

3 Codeine, III, and P } 
t at 13d^ { 

Preceding ainl water. 

Do. aud Hi. 


Ziclatiou to Coclcise. 

(M + 1D)^ + 2H1-4IP0. 
(S + II'r + IIl-iU-O. 

(Al + Jl'|‘-4U"0. 


(M + IPV + 4H1-12U-0. 
(M + IP)^-lTr-0. 

(M + li'‘)' + 211I-4H"0. 


DkKIVATIVES EJ£0M IjASKS 1.KSS IfvOUOCKNlSEO TIIAX MoilPlIINK. 


(]Vr-H)*+2IIlJr. 
(M_U)4 + 2IIC1. 

COlSRVZiXOSrOXrB, or C=»-JP'0'-' (Lieberniann, Ihuf. Chern. Ces. 7kr. v. 

716; vi. 381). A blue suhstaiicc obtained an a byc-pi*oduct in the mamifacture of 
wood-vinegar. 

Tho crude ealcinm ueotate oLbiiricd by neutralising with, linio the aeid liquor pro* 
dueod by tlio distillation of wood, is in pract ice dneointwsod by distillation with tho 
requisite quantity of hydrochloric acid, the crude acetic acid thus obtained being 
purilied by tho ad<litiori of potassium biehroniate. Pndcr iheso circuinsUinces tho 
crude acetic acid <le]x>sits blue films, w'hich sink to the bottom as a Adolet sediment 
Tlio substance thus (leposit.o<l is purified first hy elutriation, aud aftorwariis by disso- 
lution in cold phenol, from which it is pri’cipitatod by alcoliol or ctlicr. Tho procipi- 
tiite thus obtained cousist.s of jmre Cimrulignoiic. 

. Cocruligiiotio crystallises in Sinn 11 dark steel-bluo needles. It Jh in.solublo in all 
the oi*diuary .solvents, and neither distils nor sublimes witliout cliungo. It dissolve! 
with blue cohair in corieGiitratod sulphuric acid, hut lias not been separatod from the 
solutiofi ill iLs original state. It neither dyes with nor withiait a mordant. With 
acetic anl^’^drido it yields a crystalline pi*odtict, and wlion treated with nitric acid it 
is oxidised to oxalic acid. Heated with potash-solution it gives a green liquifl, 
wliiiii quickly Ijccoinos yellow'. If tho solution bo conciaitratod till tho potash begins 
to fuse, a point is reached at wliich the mass dissolves in water with an intense but 
fugitive vioh.'t colour. Tho action of hydriodic aciil and phospliorus at 160® gir<'S 
rise to the same colouring substance as tliat which is produced hy the action of 
potash. Tills product, wlicn ilissolved in ether, yields an almost colourless Bolutiori, 
and is deposited in the ainorphuus state W'hen tho solution is evaporated in a -viUiuum: 
to an alkaline .solution it communicates an intense lait evanescent violet coloration. 

The formation of cocruliguono was ob.sorved on the addition of potassium bichro- 
mate to a variety of samples of crude acetic acid, but it has not yet been aseortainod 
whetlior tho acet ic acid obtained from all kinds of w’Ood yields this siibstanco ; it hftS 
however, been obtained from the aeid I'osulting from tho distillation of botli Wroh and 
booch wood, 

HydrocoerulignonCf C'®IT'"0®, is obtained by tho action of tin and h}*dwhlorifl 
acid, potassium liydrate, nnnnoiiium sulphide, sulphurous acid, or sudiuiii-amalgSin o® 
coerulignono. It crystallises will, is soluble in alcohol and acetic acid, and less 80 in 
water. It^melts at 190°, and inuy he distilled almost w'itliout change if ciiToihlSy 
heated. The distillate solidifies to long ccdourless crystals. It is also volatjlo^tO. * 
cortain extent writh the vapour of acetic acid. It is converted into yo^r uli gnott^' 
oxidising agents, and forms corni30iinds with acetic anhydride and benzoyl chkilfJP' 
Concentrated sulphuric acid dissolves it, producing an orange colouTj which eSiWtlgP?? 
by heating into fuchsine red. 

Hydroooerulignone contains two replaceable liydrdgen-atoms. The 
potassium ethylate to its alcoholic solution pr^ucing an egg-yoltow 



Bromotetra- ) 
morphine, j 

Clilorotetra- 

morpluiie. 


;! 


C'=‘«II'-®Hr-N'>0-^ 




(M-ll)^ Scries. 

Codeino and HBr.) 
Bromocodido anil I 
llBr. j 

3 Bromotetranior- > 
] phine and llCl. 3 
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C niid so«ljiim othyl.ifo forms a siniilur priHVi|.)itaco C'®JI**Nit-0“. Beiizoifl- 

hydnyOfirulit/H&iiG C“n'“(C^rP0)-0®, uhlaiiicd either by tins action of benzoic cliloriile 
oil liydrocoorulignoiie, or by iienting that comptmncl with betizoit; aiihy<lride to loO®- 
100*^ in nil open flask by moans of an oil-b/ilh, crystallises in ])risras rosombling 
sublimed lamzoie acid, sparingly soluble in alcohol, inelling at 241®. The acetal- 
thrivative forms white crystals slightly soluble in alcohol, molting 

iin 216®. 

AVlion hyclrocoernlignono is heated with hydrochloric acid in scaled lubes, methyl 
cliloruli' is formed, tugether with hexoxydiplienyl, 

Jk'xoxy diphenyl forms mngnifleent, glistening, colourless crystals, grouped in 
i-oM'tti s. Il is siilubh; in most solvents. Its solutions in alkalis Iiave a splendid 
]iurplo colour, which liowcver apjio.'irs to be tlie result of oxidation. With metallic 
!K«'tat'.s it yields violet, to Idiio uii.staMo precipitates, that pcodiicod by cadmium 
m'i‘t:ito being the most finely coloured. 

A cry-stallino Jwxacefyl-diHiHiticc C'-TI‘.(C”H®0)®0®, and the corresponding pro- 
'^winfil-dv.rmUive aro obbiiiied by treating tho (compound witli tJio eliloiidus of iwetyl 
:iiul proprionyl. TJie hmzoyl ;ind isohutyryl derivatives have not been obtainoil pure, 
llcxoxydiplitmyl is decomposed when passed over heated zinc-dust, yielding diphenyl. 

Liehorniann regards hexoxydiphonyl as a dipyrogallol, and liydrocoeruligiione as its 
tL'li-aiuctliyl-dorivativo : 

fC«ip(on)* imi-(ou)(ocivf 

1C®U‘-’(0U)=* (C®H-’(OH)(OCJl“)- 

ircxox3'iliphcnyI. IIydroiro».TiiiiKiiono. 

'Wlu'tlier cocrtilignoue is tho qiiinono or llio quinhydrono C"-IP'0'-, of 

li vdrococruliguonc is not yet doterniincd. 

. (’oei'iilignone or hydi’oeoernlignonc treated with strong sulphuric acid, yields two 
rt)nn)Ouuds, and iritermedi.ate between coerulignone and liexoxy- 

(lipliciiyl. Tlie first forms yellow needles ; tho second, which results from prolonged 
fioiioii of the acid, is an amorphous OKiiigo-colonrotl powder. These eonipounds may 
he regjirded as coerulignone in which one and two atoms of methyl are replaced by 
liyilrogen.' 

To Jiscertain from which eomstituentof wood coerulignone is produced, pure colluloso 
fSsviMlish liltcr-paper or unble.'iched ealie<»), oak-bark and beech-wood were severally 
siilijcctocl to dry distillation. Pure eelJuloso yielded no eocrulignono ; 2 lbs. i f 
niik-b;irk yielded only doubtful traces; but from 2 lbs. of beech- wood no lc.s.s than 
h.ilf !i. grnn of pure coenilignono was isolated, thu.s showing that it is derived from 
fi'jiiu! p(!culiar con.'itituont of beech-wood, 

CO-rFEfi. The ash of tho undermentioned imrts of tho coffee-tree grow’n in 
niMzil liiis been analysed by II. Ludwig (Arch. FJtarm. [3 1 i. 482), with tho following 
rtsuU .s - 


i .K'-O 
! .Na-0 
I Cat) 

I ^1^0 

hV-iP 

Al-o:* 
SiO“ 
(’()- 
p-()i 
.S03 
01 . 

I . 


i b 

i H. 

1 111. 


V. 

YI. 

VII. 

1 i(;-24 

1 3-99 

]4-9;3 

l;j*.i6 

16-87 

1413 

44*03 

1 2-18 

G-6G 

113 

trace 

6-10 

0-84 

5-85 

27-04 

3804 

20-82 

] 6*8.3 

21-92 

8-64 

4*89 

llo 

G-39 

7-96 

.3-63 

4-62 

8*14 

8-01 

3-.19 

0 03 

3-58 

n -38 

7-12 

16-54 

1*90 

0-44 

trace 

0*40 

trace 

— 

trace 

trace 

7-85 

1-59 

9*11 

tract! 

4*19 

2-78 

trace 

6-lG 

1-23 

9*60 

lo-lG 

9-25 

1*65 

0-37 

! 27-00 

2.3-16 

21*03 

20*13 - 

13*28 

8-.34 

21*24 

1 2-28 

11-30 

6*23 

9*99 

16-70 

18-65 

10*54 

1 2-26 

1-38 

3*99 

3*94 

1*95 

15*28 

1*64 

l-Oo 

0'25 

1*66 

2*34 

0-88 

1 

trace | 

trace 

0 98 

100-69 

100*02 

! 100*30 

1 

100*84] 

10000 

09*09 

09*51 


^ yining tree in bearing. II. Hoot of an old tree, JIL Leaves^ 
■ J. Ill]) of the pericarp. V. Parchment-like coating of coflfee-beane. VI. Co0bo* 
ans ^own on gneiss soil. VII. Coffee •l}eans grown on limestone soil, 
and of phosphoric acid in young trees increases from the root to the^ituit 

is re^ ^ parts. The increased proportion of this acid in tlie roots of old'wea 
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From analyses of tho fish of coffbc-hcnns of various growths made by Graham, 
Stcnhoiiso, and Campboll (i. 1071) thcso chemists inferred that Bodium-compounds 
aiul silica are entirely wanting in that part of tho tree. The inference is not borne 
out by the pi’cscnt firialysos, wliich show the presence of considerable quantities of 
sodium. The siliciL found by Ludwig in the ash of the beans may, ho thinks, be de- 
rived from small qiianbitios of udlioriiig earth ; but that silica is an essential constitiieiit 
of other parts of tho tree is clearly sliown by tho fact that it increases in amount from 
the root to the leaves and pulp, docreiiscs in tho parcbment-like coating of the beans, 
and suddenly disappears in tlio beans thomsolves. 

Tlio influence of tho seal upon tho ash-constituonts is shown in a marked mannor in 
tho amount of potusli, iron, ike., in columns VI. and VII. 

COKKlSimSf is formed by tho action of chlorcthylidcne on ammonia. 

When chlorothyli done, prepared cither from aldehyde and pentachlorido of phospLonis 
or from ethyl clilorido and chlorine, is lieatod to 160° in a sealed tube wifli alcoholic 
ammonia, the tubo becomes flllod in tho course of twelve hours with crystals of sal- 
ammoniac ; and Ihe alcohol holds in solution an oily base wliich, if aqueous instead of 
alcoholic ammonia ho used, separates at onco as ii layor above tho snl-ammonim'. 
When dried over potash and rectified, it boils at 180-182°, find in odour and in tho 
characters of its beautifully crystallised platinum salt, it exhibits entirely tho cha- 
racters of collidine. This base and sal-ammoniac appear to bo only products of tho 
reaction (KriLnicr, Zcii&chr.f Cliem. [2] yi. 568). 

Collidine is also found among tho products of tlio docompositioii of aldohydo- 
ammouia by acids (Kriimcr a. Pimner, ibid. 470). 

COXildOlIZOK'. A very tenacious collodion may bo prepared by dissolving collo- 
dioii-pyrox 3 din in a mixture of ether and absolute alcohol, and adding a small quaiitit;^ 
of copaiba Imlsiim (Bottgor, C/iem. Cenlr. 1872, 7-15). On tho preparation of collodion 
for photography, soo also Sac. J. [2J x. 272, 533.— On tho pi-c^paration of collo- 

ilioii-])jip(?r, ibid. 337. 

M. /ettiiow Caiir, 1872, 361) has made a number of experiments on tlio 

Eoiisibilit}* of collodion os afiectsd by tho varying proportions of pyroxylin and iodising 
salts, from which it ajipojirs that, with tho samo amount of pyroxylin, a certain addition 
of iodising suits increases tho sensibility of the collodion, but lioyond Ulis it rattier 
diminishes this sensibility. The limit is 1.^ per cent, of a solution containing 20 per 
cent, iodine and bromine, in tho proportion of 3 ]>artB iodine to 1 part bromine, added 
to collodion containing -J, or -J i>cr cent, pyroxylin. 

Tho collodion should nob contain Jess than about .J per cent, of pyroxylin, nor 
should less thnn 1-1. J per cent, iodine-solution, nor iiioro than about 2 per cent, bo 
added. The row collodion should he mndo as thick as possible, and iodised 80 that 
tlifi product ni.iy contain from 1*5 to 1'75 per cent, of iodine and bromino. 

GO&OPBIsars, Seo Oils, Volatile. 

CO&OPBOBTT. ^ Tills resin, usually regarded ns a mixture of pinic, sylvic, and 
colopholic or piraaric acid, consists, according to Maly {Ann. Ck. Pharm. cxxix. 04; 
cxxxii. 249; and Gmdin's Ilaudliool'. xviii. 2), chiefly of abietic anhydride 
together with u volatile oil. When tho resin collected from pinea or larchee 
is freed from volatile oil by hoating over tlio wator-lmth, there remains an anaMpboui 
yellow mass, which softens between 90° and 100°, is of a 83 rrupy consistence at 
and dissolves easily in alcohol, other, and chloroform ; this body has tho composition 
of abietic anhydride. 

Abiotic acid, is formed by tho combination of tho anhydride irith 

water, ami may bo prepared by digesting powdered colophony for a week with alcphol 
of 70 I-), c. whereby it is convertod into a granular mass. By redissolving this ttW® 
in alcohol of 90 to 92 p. c., precipitating with hot water, and leaving the 
precipitate to itself for one to throo weoks, a crystalline mass is obtained mixed ^tft 
a soft bioM'n resin wliich may lio removed by cold alcohol ; and by pressing the ^ 
niainiug ciystaliino mass and recrystallising from hot alcoliol, abietic add is 
in irregular, transparent, pointed cr^'stals l^longing to the tricliuic system. 
acid reaction, bepns to melt at 1 29°, molts completely at 144°, dissolves in 
phide, wood-spirit, chloroform, alcohol, ether, and benzene. It is bibasio, formhwrtWj 
neutral salts ; those of tho alkali-metals are Rolublo in water and alcohd,4»<i 
tnllisablo. The neutral barium, calcium, and magnesium ealia 

jihous precipitates, slightly soluble in water, easily in alcohol. An add . 

(C'**H**0*)®Mg is obtained as a light M'hite mass resembling magnesia, 
abietic acid with magnesium carbonate and pouring the filtered liquid 
qiuntity of water. The silver C"H‘'*Ag-0*, is a white nuivetirieht 
slightly soluble in alcohol, easily iu aqueous ammonia and in etiier. . ■ 
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C»II‘-(C'H®)®0\ obtained by dcconipoeing tlie silrer &ilt with ethyl ioJido, is a clear 
vellowisli rathop soft mass, bocomiiig syrupy at 100°, decomposed by distillation, with 
elimination of water, iiisoliiblo in w'atcr, slijfhtly soUiblo in alcohol, easily in ether 
•ind etluT-alcoliol. A niixturo of concentrated jilcoholic ahietic acid and glycerin ilu- 
iinsits after .standing for a fortnight, small white cr^'stals of ahieti n, melting at 12fi°, 
ijid li iving, according to Maly, tljo comnoBition 0«Jr''0“=^^ SC*H"0=* + 6II-0. 

* Ahiilic acid in alcoholic solution in docompoBod by hifdi'ochloric acid (jas, produeijig 
sylvic and sylviiioHc acids: 

C"IP'0» + H’O = CMJ*«02 + 

Ablatio, Sylvie. Sylviuollo. 


Sylvie acid is also produced when a hot alcoholic solution of abietic acid is mixed with 
Jtlphitric acid. Abietic acid triturated with phottphorita 2 ^cniachloridc yields on dis- 
tillation, a volatilooil called ]»yjVIaly, abiotone, besides hydrochloric acid and 

I^ho^ipllorll.s oxychloride. Fused with^<3/rt.vA it yields j>TOpionic, but no pyrocatechuic 
.ii iil. Sodin/ii-amalffa?ii addoil to a warm alcoholic solution of abiotic acid converts it 
into Ihu sodium salt of hj'dr abietic acid Tliis acid forms white fatty 

liniinte, melting completely at 1G0° : it is bibiisic, forming neutral salts 
(.Maly). 

Stm-kor {Ann. Ch. Pharni. cl. 131 ; Zt-ifschr. f. CJiem. [2] vi. 381) denies thoexist- 
ciicu of jMaly’s abiotic acid, and regards tin; formula a.s founded on incorrect 

analyses, llo poijits out that the so-called abiotic acid is prcparetl from tlio sairio 
material, and in tho same maiincr, as the sylvic acid of Unvordorbcii, Trommsdoi'ir, 
I'^Iewert, aud otliers (v. Gll), Trominsdorff, and 8icwept in particular, not having used 
Mili'liuric ueid in tho preparation, by which, according to jMaly, abietic acid inulcrgoes 
i ransiori nation ; nioroovor, tlinttho properties of abietic acid, as described by Maly, ex- 
liil/it a general agpeoment with those of sylvic acid, excepting in tlie melting point, 
wliiclihas hooii sbitod by variou-siiiithors at tom poratiiros ranging l>otwooii 129° and 1 fi2°. 
Diivernoy found 120°; Maly’s own statemonts, made at diSeront times, vary between 
1 aud 1 Go°. For these reasons, Strocker rogjirds abietic acid ns identical witli sylvic 
ncid, and as having tlio comi)Ositioii 'J’he same viow i.s held by Duvernoy {Ann, 

Vh. P/tam, cxlviii. 143 ; Zeitschr.f. Chem. [2] v. 003). See, on the contrary, Maly {Ann, 
t'h.Phai'm.ti-sl\x. 244 ; ZeUschc./. Chera. [2] v. 304; further Ch.Pharm. cixi. 1151). 

In tlio last of theso papers, Maly points out that Strockor’s viow of tho idciility of 
iil<ii)tie and sylvic acids is founded cliiefly on tlie experiments of ]4uvcrnoy, W'ho 
obtained an acid having tho composition not from ordinary colophony, but 

from French galipot, w-hicli is a very different inatc;rial. 

To throw further light on tlio question, Maly lias repoatod tlio preparation of tho 
iv’fiin-ncid from colophony in tlio following maiinor : — Coarsely pounded colopliony is 
itifie.slyd fop two days wit h w’oak spirit^ tiio liquid then poured off from the crystal lino 
mill iK'jirly whito pulp, and the latter squeezed in a press: if the rc.sidiio is not quite 
wliib', it may be rendered so by ronowoil stirring with alcohol, and pressure. A con- 
BiJcrabln quantity of the pres.s-cako is dissolved in hot stronger alcohol, and the 
^‘ulution is left to it.solf cither at oixiinary tompersitiires, or in a cellar, whei’oby a white 
fiystii Iliac crust (1) is obtained, W'liich slowly incroasos, and tho mother-liquor when 
fetiltji:! by ice, usually solidifies to a pulp of loose whito Inininm (2) which constitutes 
tho greater portion of tlio product. Tho fonner, especially wdien its quantity is small, 
gives by analysis numbers approximating to tho formula of sylvic acid C*"H®®0*, but 
till) latter is found, both by combustion and by the analysis of its salts, to have tho 
feinixjsitioii of abieticacid Great care is required in tho analyses on account 

‘rf tile tendency both of tho crystallised acids and of their salts to absorb oxygen 
from the air. 

Tliu ahiotates of tho alkali -metals were found, as in the former investigation, to be 
^‘^’'y^billisablo. The most definite is the aodUm which is obtained as a snow- 
^ hito fiucculont precipitate fioating on tho liquid, either by decomposing the potaasium- 
Siut witli sodium nitrate, or by dissolving tho acid in caustic soda and salting out with 
wjaiuni nitmto. From this sodium salt the following salts wore obtained, by double 
^ (iveinposition. The sUccr salt gave, as the moan of eleven determinations, 24*42 p.c. 
Mivop, tho formula of the abiotato, C**II®*Ag®0*, requiring 24‘37» whereas that of the 
C“H"“AgO^ requires 26*40. The ^Hwn salt gaw somewhat variable results, 
fifteen determinations from 16*05 to 17’66 p.c. Ba; the abietato requires 

* Jo, tlio sylvato 18-54 p.c.* Tho sino salt gave 11*02 p.c. zinc oxide, which agrees 
oxiictiy with tho formula C'^H«®ZuO», whereas {C»»H*''0*)*Zh requires 12*14 p.C; 


ar Jd remarkablo that some of the iUver and barlnm snltB anelysod were ptcpeied witli 

ull iirm . °*78fcalll8ation, othen with oefd of the woohd crystallisation, and that ncvertli^Eesa, 
1 P^ar to have given analy tio^ nomben agreeing most nearly with the fori&ula C^U®'0', 
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Thnso results are regarded by Maly as confirming his former conclusion that tlin 
1 ‘rinciiial constituent of colojjhony is a resin-acid having the composition C**H»iO** it 
however, to bo mixed with a simill quantity of another acid of di&>rcnt eon 
wiitution, probably 

Colophony oxidised with nitric acid yields chiefly isoplitlialic acid, together with 
triinellitic acid and a resinous acid (J. Schredor, DeuL Chem, Ges, Jkr, vi. 413 ). 

COXiUIVIBXTlS. Syii. witli NioniTE ; see Tanttalatks. 

COXrCIBIJTZXr. This name is applied by Eitthauseii to the leguinin of alinondB 
and of lupines. (See Lkoumin). 

COmiTB. C*ll'^y. Artificial Formation (Hugo Schilf, Aim. Ch. Fhann. clvii. 
302, Dtut. Chan. Gcs. Jier. v. 42), Wlien butyric aldehyde is acted upon by alcoholiii 
ainmoTiia at tumj^eraturcs not above 100°, two bases, diluityraldinc, C“H*’N0, ,nicl 
tetra-butyraidinc, C^'Jl'NO, ai*o piVKliiced ; tlio former by condensation of two, tlio 
latter by condensation of four molocttles of bntyraldchyde, with assumption of llio 
eleiiiuuts of aniinoTiia and elimination of w'ater : 


2CaP0 + - U-0 - C“n"NO 

Dlb«tyv:ildius. 

4CHl‘'0 + NH* - 3H*0 « Gf'IHfNO; 

Tctrnbutyruldiuo. 

The former of tliese bases, when subjected to dry distillat ion, yields, .among other pw- 
thicts. a volatile, oily base, liaving the composition and many of tho properties of 
cuninc from liemlock : 

C»II»’NO - H=0 = 


Preparation. 1. Ihityric aldehyile heated for two montlis with alcoholic ammorjia 
at about 30°, then for one ilny at 100°, afterwards neut ralised with hydrcx-hloric acid, 
and fractionally precipitated with platinic chloride, yielded a yellow Hocculeiit pre- 
cipiUite of jfj/afhjocAfonrfc2(C**H*“NO.HCl).PtCl* forming the greater 

part of tlio product ; and tho mot hep-liquor gave by further treatment a small quantity 
of a jtUow crysUillino powder consisting of dibutyraldineplatinochloridet 2(C“II”Ji6. 

This last compound, decomposed with hydrogen sulphide and treated with concen- 
trated ])orash-loy, yielded free dibutyraldine. On distilling this base with sand in 
an oil-bath, w*ater and oily products passed over; and tho distillate, freed from am- 
monia by gentle heating, neiilralisod with Jiydrochloric acid to sopurato tarry sub- 
stuTices, concentrated, and mixed with platinic chloride, yielded a precipitate whidiby 
recry stall isation from alcohol, was obtained as an orange-coloured crystallino powder, 
having tho composition of coni no platinochloride 2(C“H“N.HCl).PtCl*. From 
this salt the base Wtas sepiirated by moans of potusli and ether. 

2. About half a kilogram of butyric aldehyde was mixed witli an alcoholic solution 
of ammonia and placed in sunshine during tho summer months; but, instep of 
neutralising with hydrochloric acid, and treating tho solution with platinic chloride ns 
above, t he alcohol, ammonia, and unaltered butyric aldehydo were separated by distil- 
lation, the brown syrupy residue was heated for a day to 130°-150°, and tho volatile 
portion distilled off in a current of steam. The tarry residue wns then heated in sealed 
tubes to 200°, and again distilled w'ilh steam. On removing the basic portion of ^e 
oily distillate with hydrochloric acid, decomposing tho resulting hydrochloride with 
pobish, and repeatedly distilling tho basic oil lherol)y separated in a stream of hydrogen, 
a portion ])oilingat 166°-170° was gradually ©btairiecf, then a second portion between 
176° and 195°, and a third between 205° and 216°. The greater portion of the first 
fraction boiled at 108° and had tho composition of conine. 

The base C"H*®N obtained by either of these processes exhibits in the highest dej^® 
the odour of natunil conine, and exerts a similar and equally violent poisonqns action 
on tho animal organism. It is very slightly solublo in water, the sofutiott hoc®®®® 
milky when heated and clear again on cooling. Its solution, containing frcehyw 
chloric acid, becomes liglit rod when evaporated, afterwards violet, or, in Pieee^- <? • 
strong hydrochloric acid, blue-^on. When it is left to evaporate 
over strong sulphuric acid, the acid acquires a deep rod colour. ChlOTine-watjBJf 
in the aqueous solution a white precipitate soluble in hydrochloric acid* 
potassium iodide produces a brown precipitate solublo in excess of 
'Jho biiso precipitates cupric hydnito from cupric sulphate, and silver r-*'*** *** 
nitrate of silver. W'itli mercuric chloride a thick yellow precipitate in 


unites into a viscid mass. A small quantity of the base inti^uced ^ 
auric chloride forms a viscid yellow precipitate which, in a feW houriii:-^ 
violet, yielding reduced gold, 
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All those reactions ore exactly like those of natural eonine; in the following re- 
actions, however, differences are observed. Natural coniiie, evaporated with strong 
liydrochloric acid, acquires a deep iiidigo-bliio colour ; whereas tlie artificial base 
Ijwoaies only greenish-blue. The precipitation of silver oxide by natural eonine at 
orflinary tompeivitures takes place imBiediatol}' ; artificial coniuo produces the same 
effoLt after some time only : immediately, however, at sliglitly liigher temperatures 
rjilimit. 40°’!. The above -mentioned violet. roni>t.inn with niii.:.. 4 


iiruiii i.il u.iow ja icra niiiuuiu ill Wilier uiiin tuaL oi nuLural coniiie. The artificial 
I»iiso diffi rs .'ilso fi-om natural eonine in having a greater coeflieient of exraiiision, in 
being less soluble in water, and in liaving no action on polarised light. The artificial 
v.-irioly is distinguished us paracoiiinc. % 

io ileteriniiic the constitution of coniuo and paraconiijo, the following considerations 
are. juldiiced : - Dibuty raldinc, is su.sceptible of two isomeric nioclifications, ae- 

conlingly as tlu; two aldehyde-residues Avliicli it coiitiiius are linketl together by a 
niti'Mgen-ntoTn or by carbon -a toms, viz. : ^ 


.-OH 

Oil' CH- - CIT-— CITv 
I. '>N 

(:‘]T=«- cir-’~cii2— cii - 


OH CH^* 

It- 11 ,011 

OU— CH-— CU!-CII''r 

'STF 


mi.l llu^so, ly cliniiMiir.Mii of IFO, give Hmn. isonicri,- coniiics, tlic first .lorivcd from 
butyraldiae I., the second and third from biityruldine II. 

OIP -CH CH— CIK 

■ I. 

CIP— CU^-CJI -GIlX 


11 . 


OIl-CIP-OH'— OIP 

II 

CH— OIF— CU::.;:CH - NIF 


III. 


CH-.-CI1-— Oil- GIF 
CH ~0H*— CH2 OH -NIL 


halui-al coninc, which conttiina one atom of replncoablc bydromm Oi. H), and in 
\jliieh the gwaip C"H‘<(conylono) is bivalent (ii. 9G4) is represented by the third forinu!!i. 
- r ihcial eonine contiiins no replaceable hydrogtm, iniisinuch as no sep;iration of 
water occurs on healing it with mnanthol ; and when treated with etliyl iodide, it yields 
tJje iodide ot an ammonium base, Uie oxide of whicli is a bitter, alkaline, easily tlecom- 
lioH jle syrupy liquid ; its eonstilulioii may therefore bo represented by the formula I. 

inner isoiiicndes of coiiino may perhaps be formed from isobutyric aldehyde, or 
li'jni a luixtim) of this with noi-mal bulync ahlehyde. 

W r /}■’ boils above 200°, contains the base C'»H-’N, derived from tetra- 

cS lLu^^ *** quantity by Uie distillation of para- 

2C8IF»N = NH* -I- C'«U‘’-N. 

It boils at 210°, and lin.s a specific gravity of 0*915 at 15°. 

■iTium hy Ljubavon from valoraldelmle is doubtless the 10- 

n paraconiiie. Its constitutional formula is — 


CIF. 


>CH— CHzl:CH— N=CH— CH®— CH 


^CIF 




0 ,'. 

iiatiiRll'^ouinu eorrespoujing honiologue of 


comncTiva Tzastra. 
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as chondrin, oc some similar substsince. It could bo converted into chondro.glucQgQ 
by boiling \vith hydrochloric acid. A Bimihir rossult was obtained with fresh specimens 
of Anodonta «inil U»io. 

The Gasteropoda and LamcUihramhwta therefore posKOSS a connoctivo tissue nearly 
allied to the connective tissue of verttibrsitcs. They differ, however, from the Cipha- 
lopoda, for Iloppo-Seylor obtained from these, specimens of pure gelatin free from 

chondrin. , , , i 

To determine whether the pen of the SepUhe and iMigula contained a substratum 
of connective tissue, the salts were dissolvml out by liyilrochloric acid, and the 
framework boiled in closed tubes for twenty hours. The decoction did not gehitinisc, 
but bccumo turbid when cold. Tliis siibstunco uas insoluble in alcoliol, but soluble 
in acctii^iicid and sodium acetate. I'crro-cyaiiido of pobissiiim caused no precipitate. 
The other cliaractra-s .sJiow tliat tJio stroma of tho sepia-pen is not conehiolin, as miglit 
have been siipj»osed from its Jiomology with the shells of molluscs. It would appear 
that ill tho cephalopoda the cliitiii of the arthropods and tho coiiuectivo tissue of tlio 
vertohratii arc comhiiied. No gelatin or siiiiilar substance could bo obtained from 
cockchafers, which were under analysis for chit in (Ifroricp, I^iigcr'a Archiv. f. 
Physiolof/ic^ 1S72, 320). 

OOPPSlt. A specimen of supposed native copper found in a cargo of copper pyrites 
from tho Tharsis mines in Spain is described by II. Eow’inan {Chem. News^ zxiii. 19). 
It weighs lbs., has a specific gravity of 8‘4, and varies in colour in different 
parts from copper-red to almost Avliite, ivith a hackly fracturo, Tho interior is full 
of cavities above shot size. Its composition is : 

Cu rc 7 m Xi f!o Sb. As. S. O. 

81-80 <Vrjt trace 078 0*1 1 OoO 7 10 073 041 =90*50 ’ 


On tho occiirrenco of copper in Cajuput oil, sco page 231. 

&clcnui7Ji in Copper, According to Violctb*. {CompL reml. Ixx. 720), commercial 
copper sometimes contains soltfiiium. To separate thi.s element, the metal is first 
oxidised in a mufilo furnace, and tho oxide thus formed is lieatcd to redness for several 
hours in a stream of pure dry air. If tlu! copper contains selenium, thoro is found 
after some time at tho end of the t ube, a white volatile crystalline ring which exhibits 
all the reactions of solenious acid. In this manner tho selenium may bo not only de- 
tocted, but ostiinatcd. 


Alloys of Copper with Cohalt ami Ma^iga^iese. With cobalt, copper forms 
ductile and malleable alloys which fuse .at about tho melting |x>int of copper. Ma»' 
gaucso has a great affinity for copper. Alloy.s containing 3, 0, 8, 12, 15, and 20 p.c. 
mangancso liavo been prepared; they all greatly rose mblo tho alloys of copper and 
tin, ai*© very hard and sonorous, and fuse rcatlily. Tlio alloy containing 15 p.c. man- 
ganese is grdy, very hard and brittle, melts liko bronze, may bo readily cast, and 
docs not appear to alter by keeping. Tho 12 p.c. alloy is still brittle ; it is g^y 
rolling, but soon acquires a brass-yellow colour. The alloys containing loss manganese 
arc ductile, and may he hammered out into plates as thin as brass-foil (Valenciennes 
Coiiipt. rend, Ixx. 319). 


Elcctrodcposit ion of Copper a^id Brass. A wdution containing one poiiiJd of 
cupric sulphate and one pound of sulphuric acid to tho gallon of water, deposits the 
metal in a solid compact mass, with a somewhat Iwtryoiclal surface. Tho action of 
one ounce of zinc sulphate (as recommended by Napier) annuls this botryoi'dal lOUBf 
and renders the deposit tough, compact, and even., From .a solution containi^ * 
greater proportion of zinc sulphate the metal is dopo.sited in tufts of ncodle.s staUMB^ 
at right angles to tho surface of the mctnl. Ordinary electro-brassing solutions shMir 
tho same peculiarity in even a more marked degree, .md this makes it imposslbtf w 
produce a good deposit of more than O'Ol to 0‘03 inch in thickness. This 
deposit is owing chiefly to a copious evolution of hydrogen taking place 
formation. But, by employing a solution containing both tho oxides , 

cyanides of tho constituent iTU'tjiIs, together with some neutral ammouium tiMgt ag^ 
this ovoliitioii of hydrogen may usuiilly bo avoided, or, should itj ^nevet^wW 
take place to a .slight extent, it maybe entirely stopped by the addition 
ammonide. Such a solution yields brass of a uniform character, and 
which imiy bo obtiiined of a ny dirsired thickness, is tough, and has a conip^ 
texture. As there is no ovolution of hydrogen, -no electric force is wustod* 
results may bo obtained >viLh a single Wollaston's or Smoo’s cell (W, 

BhU,Mag, [4] xli. 41). 
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Absorption of ffases by Rleotro^dcpo sited. Copper (R. Lenz, J. pr, Chan. 
cviii. 438)* — Copper precipitated by electrolysis from a solution of cupric sulphate 
contains a certain quantity of gases which escape on ignition. Taking tho volume of 
I ho copp<!r-- 1, the composition of the gaseous mixture in volumes percent is found to 
bo 77‘3 Itydrogen, 8'4 carbon oxide, iri carbon dioxide, and 3*2 water-vapour. 

Reactions of Copper -compounds. Cuprous oxide dissolves in a strong solu- 
tion of magnesium chloride even in tlie cold, more easily, liowevcr, at tne boiling heat, 
witli separation of magnesium liydrate and formation of cuprous chloride. Cuprous 
and fcrivus oxide and chlorido in the manner os shown by the equations : 

Cu*0 + FcCP - Oii’Cl- + FcO 
Cu=CP + FoO Cu* + FcCl* + 

The filial result of the action of cuprous oxide on ferrous chloride may bo represented 
by tlio equation ; 

aCii^O + 2FcCl=* « 2Cu=Cr^ + Cii= + Fo=0=*. 

TIu) reaction between cupric chloride and ferrous oxido is represented by the 
('(juiitions : 

2CuCl-= + 3l'eO Cn^Cl® -f FeCl- + l'e=0=» 

;in.I 2CuCl- H- 6FcO 21^0=* + 2FcGl* + Cu-*. 

Cupric oxido is decomposed by fen’ous chlorido in the following manner : 

3CuO + 2FoCl= « Cu-CF + CuCl- + Fc-0». 

The insolubility of the cuprous chloride renders the action very slow; but if common 
salt be added, and the liquid heated so as to increase the solubility of tho cuprous 
I’bloride, iJio transformation is rapid and complete (T. Stcny-ITunt, Compi. rend, 
Ixix. 1357). 

Aluminium immersed in a solution of cupric sulphate or nitrate docs not act upon 
it at first, but after two days, the foil becomes covered with crystals eonflisting partly 
of ilendritoa, but for the most part of well-defined octohedrons. A solution of tho 
nil rate yields, together >vilh metallic copper, a green insoluble powder consisting of a 
liHsiij salt. Copper is immediately prccipitatS by aluminium from a solution of 
I’lipric chloridi?, and likewise, though more slowly, from tho acetate. The poductioii 
also tiikos place immediately when to the solution of the sulphate or nitrate there is 
!idd(!d a small quantity of a very cliluto solution of an alkaline chloride, the precipita- 
tion being complete if a sufficient quantity of aluminium is present (Cossa, It mcpvo 
Cfmcnfn [2] iii. 75). 

Detection of Copper. According to F. Bellamy {Zeitschr, ami, Chem. ix. 882), 
a five-milliontli part of copper or iron maybe detected in water by tho blue colour 
produced by addition of an alcoholic extract of logwood, whereas the bicarbonates of 
ih<! alkalis or alkaline earths merely change tho yellow colour of tho tincture to a 
lipht rinldish violet. An excess of hxmotuxylin gives rise to the formation of blue 
fioi-kg, which may be further examined for copper or iron. 

•Scliiinbein observed {ibid. viii. G7), that nearly all copper salts, in presence of liycbx)- 
fyanic acid, impart to solutions of guaiacum, and to starch-paste containing potassium 
iodide, a deep blue colour. Brown cupric cymnide and green cuproso-cupric cyanido 
P^duce this reactiou oven in very dilute solutions. Further, it is found by E. Schar 
(jW. ix. 08 ami 109), that cupric cyanate, sulphocyanate, and ferricyanido also possess 
|nis property, whereas cupric ferrocyanido acts only on guaiacum, not on potassium 
iodide. All soluble cyanides, ferrocyanides, ferricyanides, sulphocyanatcs, and nitro- 
pnissuies are capable of indicating tho presence of traces of cupric salts by the blueing 
ot guaiacum. A solution containing only p.c. of cupric sulphate is still coloured 
'’Liy distinctly blue by the e^ddition of a little prussic acid and tincture of guaiacum. In 
('uriying out this mode of detection, A. A4 (ibid, ix. 901) recommends the addition 
ot a fc-\v drops of chloroform to the mixture, which -is to be gently agitated and^ left 
^ stand. The chloroform then acquires a deep blue colour, even if tho dilution is so 
ffreat that no change of colour is perceptible in the ^ueous liquid. , 

Quantitative Estimation, At tho Mansfeld copper works, tho quantity of 

^Pper in poor ores and schists was formerly estimated by Bose’s method, as cuprous 
siiipbulo (ixr Suppl, 492), and in tho richer togali (Eohsteine and Spureteine), by the 
■^eclish method of precipitation with metallic iron. Both these methods, however, 
l^uipo too much time to bo available for the inetallurgic assaying. The directors, 
iu 1807, offered a prize for the discovery of a process which could bcr^com- 
io five or six hours, ond should yield results lying between fixed iiintte of 
Out of sixteen essays, tlio, prize was m^udged to Only one, namely th^t of 
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Stoinbock, as fulfilling all tbo voqiiired conditions; bilk honourable montion wag 
also made of a second, by C. L u c k c w, for its simplicity, cheapness and cloganeo. 

1. Steinbock digests 6 grams of llio finely pulverised schist with 40 to 50 e. e 
of common hydroehloric acid of sp. gr. 1’16 ; allows the carbonic anhydride to ostjape - 
and add.s to all bituminous ores, 6 e. c. of a mixture of equal volumes of water ami 
pure nitric acid of sp. gr. 1*2, to uon-bituminons or previously roasted ores, only 
1 c. c. After half an hour's digestion, tho liquid , is boiled briskly for ton to fifuHMi 
miniitos, whereby the whole of the copper is dissolvod, together with the other metiils 
present (the residue being found to contain not more than 0‘03 p.c. copper), and nil 
the nitric su-id together witli lower oxides of nitrogen is driven off. Tlie solution 
filtered into a. beaker-glass, in which is placed, upon a strip of platinum foil, a b;u* of 
zinc as free as iiossibbj from lead, weighing about 8 grams. In half or threc-qiiurtins 
of an hour tho wliole of tlio copper is precipitated ; tlio oxcc.ss of zinc is thou rennu'ftl, 
a nd tho spongy metallic pn'cipitoLo is washed by decantation M'ith .spring water. TImk 
procipititu i.s treated with 8 to Ifi e. c., according to its quantity, of tho abovc-inoutiomd 
nitric acid mixture, and dis.solvod at a gentle hoat ; tho solution, iiftor cooling, i.s inixcd 
with 10 c. c. of a mixture of 2 vols. water and 1 vol. ammonia of sp. gr. 0‘93 (if 16 o.c. 
of nitric acid have been used, the li<|uid must 1 ki previously dilutci I to 100 c. c., juid 
halved 'tt’ith a pipetto). The next steji is the titration of the copper with solution of 
pot‘is.‘4ium cyanide (ii. 58), 1 o. c. of which indicates O’OOo gram of copiior, so that us 
5 grams of substanco were taken for the ns.say, I c. c. indicates O'l p.c. copper. Tho 
termination of tho experiment is indicated by tlie coniplele disappearance of tho bluo 
colour. With constant use the change in tho strcngtli of tho standard .solution is 
inconsiderable; indeed, it need not be rcdetormiiied more than once a week, as thu 
alteration i.s barely perceptible even in a fortnight. By tho preceding process mx 
samples of oro may easily be asaiyod in four hours. 

When tlio directions above given arc. closely observed, tho variations in the ainouiil 
of ammonium nitrate, free ammonia, load, and zinc*, in the liquid to bo assayed, do net 
affect the final result by mure than 0-05 p.c. Greater variations may arise from per- 
forming tho titration at a higher temperature, on which account the ammoniural 
copper solution must bo previously cooled. 

2. L u c k 0 w precipitates tlio copper elcctrolytically. ife finds tha t oven proportion- 
ately weak volbiic currents are capable of precipitating ijopper in beautiful reguJine 
form from solutions not containing more than 0*1 gram uiiric acid in tho cubic centi- 
meter (nitric acid of sp. gr. I ‘2 contains 0’32 gram in tlio cubic centimeter). From 
the acid solnticui the fidlowing metals are not precipltotcd by the current: zinc, iron, 
nickel, cobalt, chroiniurn, the earlh-metuls, alkaline earth -metals and alkali-mctiibi 
On the other hand, lead and niangancso are completoly precipitated at tho positive 
jwle as peroxides, silver only partially; easily oxidisablo substances, orgfmic or inor- 
ganic, ferrous oxide, for example, rctai\l the precipibition at tho negative polo, 
moremry, silver, copper and bismuth are depo.sited in rogulino form, tho morciiry first, 
which afterwards form.s an anuilgam with tho copper. From arsenic and antimonic* 
acids, arsenic and antimony arc separated sonio time after the precipitation of tlm 


copper. 

In the application of this method for as.saying purposes, tlio copper schist (2 gi'ams) 
is first roasted, with .stirring, for six or seven minutes on an iron crucible cover or in 
small porcelain crucibles. The ranstod product in introdiicBfl by moans of a bont 
cartl into a small beaker glass, washed off the sides of tho glass with 2 or 3 
nitric acid, sp. gr. 1*2, and mixed with 1(1 to 15 drops of strong sulphuric acid. Tno 
whole is then gradually heated on a sand-bath, and at last strongly enough to drive 
off all the sulphuric acid. To prevent spirting, tho liquid is coverea with a porf(^l®“ 
wntcli-glass (or a wido-iiccked funnel). The evaporation may be accelcratod by 
addition of 10 to 20 drops of hydrochloric aeidjjnt oven then it takes from an 
an hour and a half. When tho liquid has cooled, tho watch-gla.ss 
with nitric acid of sp. 1*2 diluted with 6 vol. water, the beakor is filled ' to 
half with tho sauio liquid, and a few drops of tartiric acid aro added. Fcwf l-k® l?**t 
cipitetioii of the copper, a platinum wdro half a lino thick, 7^ /if* 

rolled up for 5 of its length into a flat spind like a watch-spnng » ^ 

positive polo. If tho liquid fil>ove the eva|)or;itiou-TC'sldne is very 
c. c. of a strong solution of barium nitrate is addcxl, and mixcxl with- thfl 


SO that it remains se^iriited from tho spiral by a1x>ut 1 \ lino. . Tito' 
beoii closed, tlio toniiiniitioti of tlio coppor precipitation is easily 
morsing tho platinum cylinder deeper in tlie liquid, aftor addiU^ oC 
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and observing whether any further deposition of copper takes place on the clean ptart; 
if the battery is suffieiently strong, the prccipitfition is usually completed in about 
oiMit liours. The increase of weight of the platinum foil, after wasliing with water, 
rinsin'^ with alcohol and drying, gives the quantity. of copper juMsent. J'or the assay- 
in" of poor ores, the current should be <^ipablc of evolving from 16 to 25 c. c. of 
clntoMiitiiiggas in half an hour; for richer okis and reguli (containing more than OOp.c. 
fopper) a current is required capable of evolving from 60 to 76 c. c. of detonating ga» 
in ilio siiino time. Sih’cr must bo removed with very dilute hydrochloric acid, the 
liquid made up to 200 c. c., and the washing of the copper in the beaker effected by 
displacing the mother-liquor witii a stream of Avater. 

i''urthcr details of this method, especially with reference to the assaying of rich ores 
and reguli, and such as contain considerable quantities of iron are given in the 
yxiUchrift far Analjftische Cheuiui xi. Jalirgang, 1-16. In ores containing from 
17 to 21 p.e. iron difficulties arise frf>m the action of nitrogen dioxide or ferrous oxide, 
viiiidi takes pLico simulbnueoiisly Avith the reduction of the copper at the negative 
pol(\ the metnllic solution acquiring a brown-black colour, which increases as the 
procipitution of tho copper goes on, especially outside the platinum cylinder, where 
tlio action of oxygen is lait slight, Avliorc;i8 within tho cylinder, where oxygen is 
evolved in exet sa, no such coloration lakes place. This coloration is avoided by using 
for tlio negulivo electrode, instead of the cylinder, a hollow cone of platinum having 
.stivcral slits in its side. A negative electrode of this form, not only prevents loss by 
tilt: spirting of tlie oxygen-bubbles, but likewise allow's tlio oxygi.n evolved at the 
inner surface of the cone to escapj through the slits to tho outer side, whereby tho 
|i;irti.il reduct ion of t.lu3 ferric to ferrous oxide, and of the free nitric acid to iiitrogoii 
liioxide, and consequently the black-brown coloration of tho liquid, is prcA'cntcid. For 
lii»lily i'crniginmis samples, the curront must bo strong enough to yield from 100 to 
1*20 c. c. of det onating gas in lialf an hour. 

The copper precipitated as above described is often covered with a brown or block 
film of some foreign substiince, Avhich, wlicn tho quantity of copper is small, may 
ruulcif the result of tlio analysis inexact. The quantity of this black deposit is to,) 
small 1.0 allow' of tho determination of its iinturo by analysis; but synthetical expori- 
im-ats have show'ii that arsenic and selenium are separated hy tho electric current, 
hut liitcT than tho copper, wliicli therefore becomes coated Avith those substances, 
diitiirioiiy and bismuth haA'o not been det.(H?ted in tho schists and furnace-products of 
3l:uisift'Id, It has lately boon .found that scloniura may bo completely precipitated by 
llio (ilectric current from nitric acid solutions. In many cases, however, tho grey- 
hUck colorations of the copper appear to oavo tJieir origin to traces of hyilrochloric 
iicid in the solution: indcod they are produced by tho addition of extremely small 
(juautitios of this acid. 

Tho whole of tho lead contained in the .«:olution mostly separates ns peroxide on the 
ijliiral which forms the positive pole, and must be estimated gravimotrically, if itsquantity 
is uot great. When larger quantities are present, pirt attaches itself to tlie platinum 
;viro and tlie rest separates in the form of loose thin lamimc. Experiments are still 
ni progress, for tlio purpose of discovering an exact method of estimating the lead. 

To runJer tlio electrolytic dotormination of copper generally applicable, it is veiy 
uosirablc to get rid of tlio black deposits nboA'o mentioned. As they make their 
app^iranco only after tho precipitation of tho copper, tliis end might perhaps bo 
•tUainwl by stopping tlio process as soon ns the black deposits begin to shoAV them- 
Mlvcs ; l ilt it would bo difficult to ensure that the whole of tho copper had boon 
p|'i:cipilatcil. By tho following method, however, tho desired certainty may bo 
mbuiied. M soon ns tlio precipitation is completed, tho hollow platinum cone, 
fji!' tho black copper aej)osit, is removed in the ordinary way from tho 
K iJSH, then rinsed, dried, nnd gently ignited for a short time in a gas or spirit flame 
in a red-hot muffic. Tho dark substance then volatilises, and the metaliic copper 
cr ^“*'0 enproiis or cupric oxide without perceptible loss. The cylinder or 

ilius treated is placed in a small beaker glass, and connected with the conducting 
t) proceeding from tho positivo polo of a small battery ; and a somow'hat larger, 
j, vioiisly weighed platinum cylinder attached to the wire proceeding from tho nega* 
till? battery, is suspended over it. On pouring into the glass a suffideiit 

'lilii! 1 Arid (1 acid to 6 water) or an equivalent quantity of 1: 8 

the electrolytic action bogtns. Tho oxidised copper attached tc> 

nutair 1*1 ^ 'riiich servos ns iiositivo pole, dissolves, and is deposits wi^ bright 
tion ^'be cylinder Aihich serves as negative pole. The entire manipula- 

Tlik * ^ longer than the preceding process, ont it yields, ^d results; 

applicable, however, only witen the quantity of antinmny, arsenic or 
UiiokT SMAll; in that case ^e platiijteniS not attodeed, bocaiise 

fonned oil the copper lai^^ of- theSa 
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substances arc present, tlio only thing to Iks done is to 'watch for tlio moment -vrlion 
the precipitation of the copper is completed, and it begins to blacken. The current 
must then bo interrupted, and the platinum cone taken out of the solution and treated 
as above. 

In the assay of highly ferruginous copper ores, &c., the addition of oxalic acid to 
the liquid is rocoinmcndcd instead of Uirtaric acid. 

1 As already obsorvetl, tlm strength of the current must be varied according to the 
quantity (if copper present in tlio assay, largo or small battorios being used uccoid- 
ingly. The paper a l)ov(^ cited in the clovcuth volume of fho Anal^tigche Zciiitchri/t 
gives a full descrijilion of llio forms of battery which have been found best adaptal 
for the purpose. With the apparatus thi‘rc described, it is said that two persons can 
make 10,800 copper doterniinations in a year. 

On the electrolytic precipitation of eopper see also Merrick .A’ctt'ji, xxvi. 

155, and Lecoq du lioisbaiuhan, JJulL Soc. Chim. [2] vii. 468; xi. 35; Jahnsb ISfiT 
850; 1869, 901). ’ ’ 

Estimation hf/ Pircipifaiinn os Svlphkle, Iodide, and Svlphoci/anatc {Ut Suppl. 492) 
According to Ulrici (,/. pe. C/trm. evii. 110) the weight of copper sulphide preeipitihd 
by hydrogen sulphidi; and ignited, boars a eonstniit ratio to that of the copper eon- 
taiiied ill it. I lie residue left on ignition is always a. niixt uvo of cuprous su 1 plud (3 
and cupric oxide, though its weight corresponds .nlin’ost exactly witli the formula Cu=S, 
By ignition in an open crucible more oxide is formed and loss sulphide, whereas in a 
covered crucible, wliich, Imu-evor, must be removed from the llamo from time to timo 
and opened for a few seconds, a rc.sidiic i.s obtained, r»?]n*esontcd in composition by tho 
formula Cu'^S.CuO. As, however, the percentage of eoppi'r in the sulphide Cu-S is 
the same ns that in tho oxido CuO, it niattc^rs not, so far os tho calculation of the 
amount of copper is ooncerned, in what propfjrtion these two compounds are mixei. 
An excess ol sulphur precipitated together Avitli tho cojipor sulphide, has of course no 
influence on the result. By a serie.s of sevcutcf?n experiments in 'which copper vjis 
dissolved in nitric acid, and precipitated, after dibit ion, ■with hydrogen sulphide, it 
was found that, on igniting tho strongly dTi(»(l procijiitate in an open crucible, residues 
were obtained which gave by calculation from 100-9 to 102'6 p.c. copper, whercfts 
experiments in a. covered crucililo gave from 99 8 to lOO'S p.c. As tho differences 
aro perhaiis attributable to the ashes of the filters, and the re.auWn of half the experi- 
ments did not differ from tlio calculated quantity by more than 0'2 p.c., this simplified 
procos.s api'Hjars to be capable of yielding good results. 

According to 7'h Fleischer (C%/w. Acttw, xix. 200) tho precipitation of copperas 
sulphide liy heating a solution ot cupric chlorklu with sodium thiosulpliato is well 
lulnptod for tlie separation ot copper from metals whose sulphide's aro soluble in diluto 
hydrochloric acid, Tlii^ prrciiutnto contains excess of sulphur, and cannot, tliereforo, 
bo dirc-ctly dried and weighed. It miglit, however, bo Ireatod by Ulrici’s method just 
iloscribod. 

According to Duelaux (nnlt. Soc. Chim, [2] xviii. ; Chem. Ncum, xxr. 166), verj- 
siiuill quiLiitities of cojipor may be csstimated by procipitatirm wifli hydrogen sulpliidc, 
rodissolving the sulphide in a. platinum crucible, reiJucing the copper with zinc in 
contact with tho platinum, then washing out tho crucible ivitli alcohol, drying, and 
Igniting it^togct.h(jr with the copper deposit. In this manner, Dnclaiix states that he 
has found m 1000 jiarts of tho ash of cacao-bcaiis, from 0009 to 0010 part of copper; 
in 1000 parts of the outer shell, from 0 035 to 0-226 of copper, and in chocolate from 
various makers from 0 005 to 0-125 part. , 

I'or the ti-anstormation of enpric salts into cuprous iodide, the only adtan- 
tageoiis reducing agent is according to Fleischer, stannous chloride, since both sub 
pliurous acid and feri-ous chloride dissolve consideralilo quantities of cuproui iodide. 
Addition of sal-ammoniac facilitaU>s the precipitation, which, if tho liquid be kept 
cool, 5s so complete that no copper can be detected in tho filtrate by potassium feirro- 
^^nido, or l>y iniroducing a platinum wire wetted with it into xi colourless flam®* 
Tho cuprous iodide after wmshing ■with solution of sal-ammoniac, (if 'waShed 
water it losses through the filter) is warmed with a solution of ferric sulphate, 
upon tho following reaction takes place : 


2Fc*(SO')» + Cii’I* = P + 4FeSO* + 2CiiS0‘. 

The lepwa^ iodine my be complotoly expelled by boiling for tea nniapiteife 
lentms oxide estimated by permanganate, every 2 molecules of it 
II toiM of copper. This method may also bo used for tlio estimation of io^ to SW 
of chlorine and Inromino. ■ ■ v 

^e precipitation of copper an cuprous sul phocyanato, CtiH 
by Kivot iH performetl by Fleii^cr ns folloM:8: The cupric chlo 
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• ddition of potasshim' or sodhim chloride, is reduced, if free from iron, -with sodium 
siilphito in tlio contriiiy ease, with stannous chloride, after^which poUssium snlplio- 
an ir-o and sal-amiijoniac aro added. Tho washed precipitate is hoilcd.with caustic 
Sitasli or soda, and tlio cuprous oxide thereby produced is quickly separated by filtra- 
tion aial titrated as above with ferric sulphate. 

7?v Tilration with Polasmtm Fcfrocyanide . — Galetti (Ball. Soc. Chim, [2] ii. 83 ; 
Udichr. amt. Chew. viii. 135 ; Jahresh. 1864, 710 ; 1869, 901), uses for tliis purpjsu 
■I solutiou conhiining 32‘485 grams of ferrocyanide in the litre, .so that 100 c. c. cor- 
rrsporul until 1 gram of copper, according to th« equation K^h'eCy“ + 2CuCl’* = 4KCl + 
CuVoCv“. To apply this method to the analysis of copper pyrites, the mineral is 
first oxidised with strong nitric acid, h 3 -drfX-liloric acid is then added, the solution 
eviiporatcil to half its bulk, then diluted and mixed with ammonia in qujuitity rather 
iijei‘ 1 ) than sufficient to prccipitato the whole of tho iron. It is then boilcil with a 
(iiaiiitity of acetic acid .sufficient to give it sin cmcr.ild-grcon colour; siinmonia is sigain 
jMhlid i’ll cxccsf!, imd tho lifpiid is acidulatotl with very dilute acetic acid. As soon as 
the basic ferric su-ctatc has settled down, tho copper is prccipitiitod by potas.sium 
f( rnx’V'oiido. Tho liquid may also bo fUterod after tho sceimd addition of ammonia, 
iiiK I the prccipitato wasJiodwith a Iwiling diluto solution of acid ammonium acetate 
(UO graiii.'i of acotic acid s;itiir.ited with ammonia and then mixed with 16 grams of 
iiei tu- iieid Jintl 685 of water). If zinc, nickel, or colmlt is present, tho copper must 
first hi: precipitated as .siilpliido or in the metallic state, then redissolvod and treated 
as above. 

Jhf Titration with Votammi Cyanid^.^ln applying this method, described in vol. 
ii. p. 68, to the cstiniatiori of copper in compounds containing zinc, some mofliflcation 
is ivqiiin tl to coimtcrncl. tho disturbing influence of the zinc. Yvon {Compt. rmd. 
hxiv. 1262) proceeds as follows; Solutions of zinc .and copper nitrates, with excess 
of .iimnouiji, conlainiug 1 gram of metal per litre, are fii*st prepared. Tho amount of 
I yaiiidc required to diicolori.so 50 c. c. of pure copper solution is noted, and then the 
ainourits after addition of 5, 10, 16, 20, &c., c. c. of zinc solution, b’rom those results 
llie ainoiiMt.s corresponding with 1 c. c. of cyanide are deduced. 

The alloy to ho analysed, such n.s bras.s, is dissolved in nitric acid, amnioiiia added, 
iiml tho uliolc made up to a litre. After titrating 60 c.c. with c^^anide, anoth^ 60 c.c. 
is jicidified strongly, boiled with sodium thiosulphate, and tho cupric sulphide dissolve J 
ill nitric acid and ammonia, ;ind again titrated. The difference represents tho zinc. 

On the determination of copper in brass by titration, see also Kirpitschou {Zeitachr, 
f. Chni, [2] vli. 207 ; Chem, Soc. J, [2] ix. 756). 

lly TiUaiionidth Stannovs ChUrridc.-~F.VfeM{Ann. Ch.Phya. [4] xxv. 109) describes 
this method as based on the two facts, (1.) That in a liot solution containing excess of 
liydrocliloric acid, tho least Irnco of cupric cliloride gives a greenish colour, the tint 
being deeper as tho quantity of acid is lai^cr. (2.) SUinnous chloride instantly 
rt.‘iliico.s green cupric clilorido to colourless cuprou.s chloride. 

A .solution of stannous cliloride containing 6 grams of tin per litre is titrated witli 
!i .''ohition of cupric sulphate containing 4 grams of copper per litre ; 26 c.c. of this 
^ohiriou arc treated with 10 c. c. of concentrated hydrochloric acid, and heated to 
boiling, ^nd tho tin solution is rapidly added till tho liquid liecomos colourless ; 10 
r.c. more acid arc now added, and if tho liquid acquires thereby a greenish tint, tin- 
wilutioii is .slowly dropped in till no colour remains, To make quite sure that thotiii- 
Milution is in slight excess, 1 c.c. of tho cooled liquor is treated witli a drop of satu- 
rated solution of mercuric chloride ; 0*05 c. c. of tho tin-solution in 30 c. c. of liquid 
cjiusos a distinct turhidity of calomel when thus treated. This. volume is thcrcioro 
ihductcd from the total volume of tiu-solutioxi used, and tho strength calculated from 
Ibo remainder. ' 

TMimaiion of the Copper. — 1. When Iron and Nickel are ahsent, — Tho substance is 
iirai^il with strong nitric acid ; the nitric acid is expelled by sulphuric, or in tho case of 
*^dTcr, by hydrochloric acid; tho volume of tho solution is brought to 250 c. c. or 500 
^ - : 26 c, c. are then troat^ with tho tin-solution exactly as above dcscribod in the 
of the standard copper-solution, and the quantity of copper present is calculated 
™ni the volume of liquid employod. 

IVhen Iron is present. — Process A. 26 o. c. of ibo solution to be tested are re- 
‘hicud as just described. A fresh quantity of tlie same volume is then heated with 
J'ator, metallic zinc, and platinum-foil till all tho iron is reduced. The ebpwsr^ 
^^’gothor with any lead, tin, or arsenic that maybe present is time precipitate as 
^‘I'tal. Tho iron is then estimated in the decanted Irqiiid with permangsnnte. i 
strength of the tin-solution having been caUmlatod fcr iron from Ae nnmbeap^for 
^pper, the proper deduction is made ftoSn the :qi»ntity us^ 
metallic copper precipitated os described under AiMMy bei dis^rived and'.difcijctl^ 

^ i'-.- ‘ - ■ ■ 
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estimated ii-ith tin-solutidii witliout estimating tlio iron. Process C, The solution 
containing ferrons salt, dcsml»od in A. maybe treated with permanganate , till tli<j 
latter is in distinct excess, then lioiled till no rod colour remains but that duo to iron. 
Tin-solution is now added till the iron is reduced, and the quantity thus used is sub- 
tmetod from tlie total quantity employed for copper and iron together. 

3. When Iflickd or Cobtdl is present. — Pmccss A. Tlio solution of the substjincc in 
nitric acid or aqua regia is nearly neutralised with sodium carbon.*ito and then agitated 
with barium carljoiiato till all the copper and iron are precipitated. The precipitate is 
dissolved in acid, and tJie co])pia* in it is e.stlniatctl by tiu-solutiou. Process B. Sea 
above, 2nd Applkation, B. 

Arsenic does not interfere with this inetliod, since arsenic acid is not rcdnceil by 
stannous or cuprous chlf)riile. The residis obtained vary only a few tenths of a per 
cent, from tlnwyo obtairied in the gravimetric yfny. 

Separation of Coy) per from Bismuth. — The sep;> ration of tlicsc mebils whon 
they are {illoyed together may bo eflTcctcd by treating the alloy a t a low' red hea,t wilhpotas- 
sium siilphocyanate. One part of a mixture of 8 part.s potassium cyanide and 3 pavls 
ofsulpdiuris thrown upon 10 parts of the alloy melted at a low temperature. Asaoon 
as the reaction takes place, the crucible is covered, and when all dellagration has 
ceased, tho metal is well stirred with a clay rod, the tlnx allowed to set, and the fluid 
metal ]x)iircd out. Tho bismuth tines obtjiiiicd is quite free frmu copper (H. Tamm. 
Ckcm. Neujs^ xxr. 8o). 

Separation fruut Silver. ' — A quick method of separating those metals is based on tho 
fact that silver nitrate is insoluble in strung nitric acid, whereas cupric iiitriile 
is soluble. Tim nitric aciil s(iliii ioJi of the metals i.s evaporated to tho consistence of a 
thick oil, and thou mixed witli strong nitric acid free from liydrochloric acid, 
whereby all the silver salt is }ii*ecij»i tilted in the crystalline state, the copper salt 
remaining in solution. Tlu! precipitate, which is eidoured blue from adhering copper 
salt, is obtained quite while and free from copper by two or three washings with 
strong nitric acid. Tho Jidheving acid cvapoi*ate.s ou drying tho prccipitsite. Card 
must be taken not to evaporate the mixed nitrate solution to dryness, as it is tliea 
very diflScult to wash out the copper from tlie precipitateil silver nitnito. The moro 
concentrated tho nitric aeul, the more Itilly is the silver salt thrown down. An nciil 
of sp. gr. l-2o gives good results. For every part of concentrated metallic solution, 
three to four parts of acid arc requisite for separation. R. Pfdm {lympl. polyl J, 
ceiv. 7o)- 

According to Ilahn (C/8C?«. Centr. 1870, 210 ; Zcitschr.f. Cheni. vi. 352) the separa- 
tion of copper from silver cannot bo c-fFocted by dissolving tho two metals in excess of 
ix)tassiuiri cyanide and treating the solution with hydrogt u sulphide or tho sulphide of 
an alkali-metal — whereby, according to Ilosc and Fresenius, tho silver is precipitated 
us sulphide, while the copper romaiiis dissolved — inasmuch as tho sulphides of both 
thoso metals are soluble in potassium cyanide, and only nioreury, if p>rcseut, is thrown 
down as sulphide. 

Compounds of Copper, 


Arsenide. — Frcnzel {Juhrhnoh f. Miniralopir, 1873, 26), has examined tlirco 
varieties of tliis compound, regarded by mineral dealers as distinct speeios, end 
named accordingly. I. Domeykito from tho San Antonio mine near Copiah, Chile. 
II. Algodoiiitc from Lake fciuperior. HI. Whitiieyito from Cerro las Paracutnfl, 
CigHzu^dn, Mexico. Aiial 3 ’si.s show'cd that all three are varieties of one species, P**' 
meykitc, viz. : — 



I. 

II. 

III. 

»Sp. gr. (at 22°) . 

6*700 

7-207 

7*547 

Copper 

70T6 

72*02 

72*99 

Arsenic 

25*89 

28*20 

27*10 

Iron . 

Mangane.se 

! ; 1 3'50 

— 

-r- 

iSulphur .» 

0*49 



Residue 

0*45 

— 



100*49 

.100*31 



The fomnlii of Domeykito, Cu®As, requires 71*72 p.c. copper and 28*28 
25'88 p.c. of arsenic found in I. w;ould i-equixe, according to this 
copper. Tho copper arsenide in it is probably mixed with native copptf»jiW |j^ 
und a sulphur Compound. Tho third variety also probably coiitainir 

All three varieties exhibit, on. newly fractured surfaces, a tin-ishite;:|ii^||^ 
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r lour. The bright riGbllically Uistroiis powder of II. (tlie puroet Vtiriety) is light 
iii'y ■ that of III. dark grey ; of I. greyish black. In the course of 24 hours they all 

SHiui’roayellnw-taj-msh. _ , , . , ... 

Accompany i tig tlioso minerals were found native copper, red copper oro, malachite, 
(lUiirl^s a«d small quantities of a radio-flbrous mineral, prol>ably -wavellite. ^ 

^ WcUbach {ibid. 64) describes a variet}' of Doiueykito found imbedded in tlie 
nvcillaccous porphyry {Thonsteii} 2 )Oi'phyr) on tlio right bank of the Muldo, near 
Zwick.'iu. Tt occurs in m.n.s.ses having a dense or very fine-grained fracture, with a 
juidi'd leiulciicy to deavago, and therefore to crystalline structure. Colour and 
fircak blackish grey. laisti'e metallic, brighter on the streak. Hardness 5 (equal to 
iluit of apatite). Sp. gr., 6*8-1. Brittle, Arith decided inclination to softness. It 
ilitfurs from llio Chilian mineral chiefly in colour and Inirdncss, the latter being tin- 
vliitc jmd iiitcrmediale ill liardrit’.ss botAVceii ealespar :ind fluor-spar. Thi.s Zwickau 
mineral aHords the tirst instance of the ocoiin'ciice of Bomeykitc on the coiitiiiont of 
I'airnpc. 

CblorldeSi — According toMaumone {Chem. News, xxv. lo6), Avlion cuprous chloride 
is formed by the gi'adiial combination of copper with chlorine, an external layer of 
cdpric chloride is produced at the .same time, and tho.so two chlorides udito together 
Ihriii i Mg the compound Cu’Cl“' *= 3CuCl'‘* + 2Cii*Cr-. 

Iodides- — Cup tons iodide, Cu®l-, i.s formed by the action of copper on hj-driodic acid. 
IVhon strips of cojipcror pieci^s of copfmr-Avirc are immersed in this acid, no formation 
(if iodide l.ikes pl.'ice as loijg as the liquid roiiiains colourless ; but n.s soon as iodine 
begins to sejiavato, pulA’crulcnt cu]u*ous itMlide is also pn^cipilatcd, and the reaction 
once eommoiiced goes on quickly. By retarding tlio sepiratioii of iodide, Avhicli may 
!i(j i tHrtod by the introduction of triices of hydrogen sulphide, tho cuprous iodide may 
Im' «)hlained in tetrsihcdral crystals. l*'irgcr and better developed totrahedrons, some- 
tliiM s with combination-faces, are produciKl by the action of hydriodic acid on cuproim 
Mil[iliid(.'S, as, for example, on tlie slightly oxidised copper-glance of Sangerhausen. 

'I'he crystals have a groemish yellow colour, becoming darker on exposure to light 
(M. .ireusol, Dtid. Chem. Ges. Jkr. iii. 602). 

Cuprous iodide is also formed, together with allyl bromide, by tho action of nllyl 
iodide on an alcoholic solution l»y ciipidc bromide (Oppenheim, ibid, 412). 

2CuBr3 + 2C='U»I = 2C»n»Br + Br* -i- Cu»P. 

Cuproso-mcrcuric Iodide. — Cu*ITgI^. When cupric sulphate is added to a boiling 
B'diitiou of potassio-mcrcuric iodide, a l.argo quantity of iodine is set free, and cuproso- 
iiicTcuric iijdido i.s precipitated as a dark brown powder changing on cooling to a fine 
red. AVhen heated cither alone or with water, it becomes dark-coloured, but recovers 
its red colour on cooling. According to Mouscl {Berliner Mmatsherkhte^ 1870, 123), 

1iii.s prccipibite is a mixturo of cuprous and mercuric iodides ; but Willm and Caventou 
[Hull. Soc. Chim. [2] xiil^ 220) regard it as a definite compound, because Avhen cold it ? 
li:is a deeper red colour than mercuric iodide, and it is but very slowly decomposed in 
tlu; cold liy potassium iodide, Aidiereas mercuric iodide, ns is well kuoAvn, is quickly 
dif'solved by that reagent. On heating tho precipitate with potassium iodide, mercuric 
Kiclidc is dissolved and cuprous iodide pomnins. With ammonia, tho double iodide 
yiulds two kinds of crystals, both containing mercury and copper. Boiled with am- 
innnia, it yields a blue solution, and a very heaAy brown liquid which solidifies at a 
slightly lower temperature. The filtered blue solution deposits on cooling blue 
Jioodlos consisting of nn ainmoniacnl iodido of copper and mercury containing tho 
^’f>l>pvr in the form of cupric iodide Cul*. The formation of this compound is due to 
tln! mcrcuiy which is set free and remains mixed with the precipitate. When the 
bi.sod ningg jg redissohmd in boiling slightly ammoniacal water, green crystals aro 
foimod which likewise contain mercury and copper, tho latter, however, in tho form of 
c«pp(jus iodide Cu*P ; they appear to be formed by simple addition of ammonia to 
iho original compound, into which, indeed, Uiey are reconverted on exposuK to the 
•|ir, or treatment with an acid. The blue dystals, oh the other hand, which, when 
dried by iicot, are likewise cbnvei'ted into a double iodldn, give tip iodine at tlio. 
time, even before they have ported with all tJieir ammonia. 

Cuprous oxide.-— This oxide has been found in crystals (cuprite) in an andont 
■imssian tomb, at Dimitrbw, in the Tdseh district of the Kowno Domimon. ^At a 
1 ^ surface, in a bed of looseyellow sand overlying comped^ ^ 

kmldep-clay, were found a number tif olgectB, inany of them of metal. '&ihd bmtig^ 
nuiti!rml in which the corrosion of metallic b^ics goek on more rapidly ilmniti pi^y. 
marsh, or water, the bronse Ws covered 

'i’omng the giHA-o,a lump of iwl f«r|ugia^ satifwitf found conti^lngW :: 



COPPER. 




thread coverod over with I’rugiuents of In some little cavities in the crust of 

iron rust that covered the wire, small ruby-red crystiils of cuprite (oo Oao . O. 0 oc) 
ureie seen. The cuprite Midontly arose fn»m the reduction by water containing ferpoiuj 
carbonate, of the iimmoniacal solution of copiH)r oxide proihicod by the reaction of tho 
decomposing human ivmains *m the bronze (Growiiigk, Jahrhiwh f. Mheralogie, 
1871, 76). 

Ozjobloiide. — Crystals of atacamite from AValloroo in Australia, carefully 
Bclocted and free fivjiu Voroigri admixtures, were found by K. Liuhvig Chem. Ges. 

Her, vi. 553) to have the composition Cu-CnPO=* or CuCRSCuH'O-, agreeing with tho 
older analyses by Klapitith, .1, Daivy and otliors (i. 428). 

Atsiciunite is decomposed by heat ; whenit is gradually hoatod, water-vapour escapes 
and tliere remains a mixture of cupric oxide and cui)rie chloride from which the latter 
may bo extracted by water. This decomposition, however, hegins only at 220° .md 
goes on but slowly at 250°, not being coiiijdeted for several tlays. When tho tempo* 
lature rises above 250° hydrochloric jicid cscaiwa w'ith the water-vapour, lind th« 
rosidno, when trofitod wit h water, no longer yields tiio original compoiind. Water dors 
not fict perceptibly on abicamite, oven when heated with it to 200° for several hours in 
sealed tubes. 

From these results Ludwig infers that atacamite is not, as gcnondly supposed, n 
molecular comjMjund of cupric chloride with cupric hydroxide (vid. sup.) or of cupric 
oxy^ehlorido with water, (hi ‘CFO* + all-'O, hut an atomic compound, Cu*C10“H» or 
Cu^Cr-O**]!", containing quadrivalent copper, and represented by tho structural formula 
Cu(OIT)Cl ■ CFCu-Cii(OH)- 


11 

cii(oii)- (oir-)Cu- (hi(oii)=. 


In like manner brochantite, Cu‘SO'«lI“, which is decomposed only at temperatures 
above 300°, giving off water and leaving a raixtnro of cuprie o;tido and cupric sulphati?, 
nmybe regtirtled, not as a iiiulocular compound, Uu”SO*.3Cii"Jr"0’, containing biv.aleiit 
copper, but as an atomic compound of qiindri valent copper, represented by the 
formula 

SO'Ca-Cn(Oll)- (OH)*Cii~Cu-SO'-Ou-Cu(OH)* 

I 1 ‘>1-’ I I 

(oiiy*Cu Cu(ou)-' (OH) (oii). 


The constitution of mal.achite, uzuritc and tho so-calleil basic copt>cr salts prepared 
artificially, may also, accowling to Ludwig, bo mori'. appropriately repreBcntoil hy 
atomic formulae containing quadrivalent copper, than by the visual molecular formuhe. 

Snlplildes. — Native copper-glanco(Cu*S) from CatamanM, of sp.gr. 47 and haring 
di.stinct crysbds of iron pyrites and quartz imbediled in it, gave by analysis : 

(hi S Fo As Zn SiO -(matrix) Fi,Sb 
48-82 26-71 6-64 9-16 0 74 7 52 trace * 09-69 


L. Schinnerer {Jahrhtchf. Miaeralogie, 1872, 977). 

Cuprous sulphide is formed in crystals, with evolution of hydrogen, when copper 
turnings uro digested in colourless solution of nmuionium sulphide free from aulpny- 
drato. The crysbils consist of very .slender needles having a <^rey colour and metallic 
lustre : they change by oxidation on exposure to the air. On adding water or hydrochloric 
acid to tho liquid fi-om which they have separated, .'i precipitate containing copPOT » 
thrown down. Now, as the solution is colourless, the copper contained in it could nw 
have boon in tho form of tho red copper-amnionium sulphide doscribod below» thougH 
perhaps a similar compound may exist containing a smaller proportion of BUlphw 
(K. Heumann, Heut. Chem, Ges. Her, vi. 7-18). ... 

Cupric oxide treated with nmmoniuiri monosulphido yields a black precipitate cop- 
sistihg chiefly of Cu-S, but containing a considerable quantity of Cu.S. The aupeTOwO 
liquid treated with hydrochloric acid yields a precipitate of sulphur (Neumann); ^ 
A copper-ammonium-sulphide having tho composition (NIP)*S.2CuS*, is 
cinnabar-nxl noodles from a hot solution of cupric sulphide .in ammoninni 
lefl to cool in a closed vessel (Bloxam, CJtem. Soc, J, [2] lii. 94). It is aljO.fgJ^ 
when an ommoniacal solution of the complex tliiosiilplinto (Cii*y'Cu"Nii*S"Ov.2^^ 
described hy Poltzer (v. 633), or of tho yellow salt obtained from 5^ ^ 
ammoniacal solution of cupric siilpliate, is added by drops to a solution 
polysulpbide till a permanent precipitate is formed, and the solution is filtf**®- 
nask which must be quite fllle^^with it and closed air-tiglit. After a da7 
double sulphide separatos in small garnet-red concentrically grouped . 

amorphous powder if the liquid is shaken. / ^ 

This sulphur salt dissolves with yellow colour in -water and 
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ID alkaline car'bonatcs. According to Bloxazn, it is not decomposed by cold hydrochloric 
or nitric acid ; according to Peltzer, on tlio other hand, it is dcconiposed by dilute 
iicids, with evolution of hydrogen Fiilphitlo and separation of red-brown or black-brown 
oopp'r sulphide, but M'itlioufc separation of sulphur.’ When heated with potash it 
.'ippL'.irs to ho at first converted, with evolution of ammonia, into the corresponding 
eotiissium-conipound, but afterwards black copper sulphide is precipitated. Heated in 
a gl.iss tube it gives off sulphur and ammonium suli>}iide (Peltzer). 

COXAli&XlV. The names Ital CoraUimind Paonin (iv. 324), have been given to 
tilt; n;il colouring matter which Kolbo a. Schmitt obtained by treating phenol with sul- 
plniric and oxalic acids. This body has l»t?eu iiutlicr examined by H. Frosonius 
\.J. pr. Chew. [2J v. 184; Chem. Sor, J. [2] x. 70.1), who purifies it by combining it 
^vilh luagiiesia, and jifterwards decomposing the compound with sal-ammoniac. Crys- 
T.illiscd from alcohol it forms fibinionttius, interlacing, scarlet, lustrous crystals ; crys- 
t.illlseil from glacial .'icetic acid, it forms magnificent rhombic crystals which are 
iDiiihmations of tlio prism ooP with a second prism not dtttermincd, tho brachy- 
iiiiijicoid, oof CO , and sometimes the bracliydome f oo . Patio of axes aZblc-s 
0-.j 41 : 1 I 0’354 ; angle ocP : odP=^! 123°3'; ooP : oofoo =118° 2.1'; foo ; foo = 
141 °.!'; poo : ooPoo = 109° 29'. Cleavage distinct jiarallol to OP, 

Thu crystiils nro red by transmitted, dark green by reflected light, moderately soluble 
ill ]4iciiol, slightly in boiling chloroform and boiling benzene, insoluble in carbon 
Ijisiilphidu ; become strongly electric whe?i rubbed. They molt at 156°. Kolbo a. 
Srliniilt found the molting point to be 80°, probably because their product still re- 
t'liiicd considerable quantities of phenol. 

PoiMllin gives by analysis (mean) 69*07 p.c. carbon, and 5‘38 hydrogen, agreeing 
wiili tho formula which requires 69*18 carbon and 5*47 hydrogen. Kegording 

ajirin as (^*“11**0“ (p. 118), tho relation between these two compounds may be expressed 
l>V tho equation 2C-“1P^(P + .‘511*0 === 

Tlio mode of formation of corallin, however, suggests a simpler formula : for the 
jras Avhicli escapes during its preparation by oxalic acid is chiefly carbon dioxide: 
licnco it is inferred that the subsbinco which is most active in it« formation is carbon 
jiKinoxide derived from tho oxalic acid ; and this coiielusion is coiToborated by the 
fiict that formic acid may bo used in preparing corsillin, in place of oxalic acid, 
Ih-jioc Kolbo, in a note to Frcsciiius’ paiper, suggests that corallin is formylated 
I'hcijol OUPO- = C*H\COH)OH, its formation being ropresentod by tho oquatioa 

C«IP0H + CO - C«1P(C0H)0H. 

The formula C’H®0- requires 68*85 p.c. curlK)n and 4’00 hydrogen. 

Corallin is likewise obtained when phcnctol or anisol is substituted for phenol in 
its iircparation ; also when meta- or para-phenylsulphotiic acid is acted upon by oxalic 

(^■iro a. Wanklyii's rosolic acid, obtained by tho action of nitrous acid on zosanilino 
IS (liftbrent from cor.alliu ; its composition being, according to analyses by Fresbnius, 
(Caro a. Wanklyn gave the formula it molts at about 168°, and 

Its a] cello] ic solut ion is not decolorised, like that of corallin, by concentrated solution 
of arid sodium sulphite. Fresenius proposes to coll tliis body 

I'rinting with Conklin. — Corallin is much used for dyeing on wool, and may also bo 
eiiiployed for printing on wool, provided some means be adopted for neutralising tho 
arids with whicli it is sure to come in contact in the course of treatment to which it is 
s'lhjiicted. Tho effiict of the acids, which is to csiuso the red colour to fade into yellow, 
iiiay bo prevented by tho uso of calcined magnesia, tJio coi'allin being dissolved in ^ 
wriior or in alcohol. The resulting colour is u rich Turkey-red, which maintains its 
mtonsity and brilliancy -for years. This red is about 30 p.c. cheaper than cochineal 
led, and luis this advantage over tlio latter, that it is not turned blue by washing in 
■''ator containing calcium carbonate, tho only disadv^^ntage being that of its fading ih . 
contact with strongly acid colours, if the acid bo more than suiiicieut to neutzalise the ; 
’Jiagncsiii. The following mixture is recommended for printing : — 80 g^rams corallih, 

).T btre glycerin, J litre water, 140 grams magnesia, well stiired up with ^ litre of 
viii er. The whole is thickened with } litre of gum-water (600 grams to &e litre), 

. MU printed, steamed, and washed in the usual way. 

Y^mllm may also be printed on cotton, tho colour being tliickened 'with st^h 
• ^ *‘gg-albumin in addition to magtiesia. This mixture must be used ftesh, as m 
compound is formed between tho magnesia and the albua^sr 
«/. cciv. 338). 

The po-sonoiis principle of the plant (Oi>riarid tMoffelia) 
Bced does not appear to be of the natuire of an allwloi^ This grott^ - 

8 repeatedly treated with alcohol yield a greenisb-ied whi^^ 
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sictbd upon by ether separates into two parts, one, a green oil soluble thoroin, the other 
a resinous substance quite insoluble in that liquid. The oil giroii to a cat, after a 12 
hours’ fast, in a close of about fl niiuiins, producorl vomiting and convulsions, from 
w'hioh, liowevor, the animal gradually recovered. As the symptoms agreed generally 
■witli those exhibited by cattle and sheep when poisoned by the Tutu^ plant, it is iu. 
forrud that this oil coiistilutes, or at least contains, the poisonous principle of the pLiut. 
The oil appears to be a non-drying fixed oil, and to contain an acid peculiar to itself 
Sind quite distinct from the ordinary fatty acids ; to this acid may perhaps bo attri- 
buted the poisonous effects of tiie oil (W. 8k<5y, Plutn/i. J. Trans. [UJf b 668). 

CORinrDVlIC. On tlin Corundum region of North Carolina and Georgia, with .1 
descripUun of two gi|£rantic crystals of this mineral, one weighing Iheothor 312 lbs., 
see (-'. C. Shepard {SUL ^ni. J. [3] iv. 100. 176). On Corundum, its transformations, 
and thominemls which accompany it, see F. A. (.Tenth (./, j:r. Chem. [2] ix. 49-113). 

COVK JLKnr. TJircc constitutional formulu^ have been xiroposed for this loily, 
viz. : 1. I'V I’erkiu, IT. by St rocker. III. by Basccko; 

I. GO— C*H=* - CO - CIP 

III. CO.=iC=CU- C«irOK. 


Scliiff CAc/w. GtfA. lirr. v. 665) reg-ards ilia second of the.so formulae ns quite in 

accordance with the known reactions of eoumarin, and cites the following fticts, whirh 
cannot easily bo reconciled with tlio first or third formula. 

Liicben lias shown lliat a larg(! number of bodie.s in wliich the group CH®-— CO — C... 
is contained, yit‘ Id iodoform wbon treated with iodine niid i>otussiiirn hydrate: coij- 
inarin, however, does not yield a traee of that bixly : this appears to be iiicunsistciit 
with formula 1. 

According to formula III., which ropreseiits eoumarin as a complex phenol, it should 
give the characteristic phenol coloration with ferric, chloride, which it does not. This, 
however, cannot bo considensl as decisive of the point, since eoumaric acid, to wliich 
the formula COOIT — CHzzCll — C**! H.OII is univcrsallj^ assigned, docs not, any mor« 
than eoumarin, give the }>honol reaction with ferric clilorido. 

Hut if eoumarin were oon.stit.nted according to formula III., it should yield an 
acetyl dorivalivo. It dissolves iiidisid, in acetic nnhytlriilo and in acetyl clilorid(y‘>‘d 
deliquesccis in tho vapiair of the latter; hut on boiling either of these solutions in .lu 
apparatus with reversed condenser, then distilling off’ tho solvent, and decompoBing tho 
residue with water, nothing but counuirin is obtained. 

The coniiui rill of Mdilofua officinalis {\st StifpL 499), which is a compound of 
ordinary eoumarin witli nielilotic acid, may bo riq«rescnted as an ethereal anliydride: 



c«ii‘— cn^cir— cooji 

CO— CH.~CH— C“ITbOII. 


A similar constitution may be assigned to Zwongor’s counuirato of eoumarin. 

; ORBABOTB. Tho following method of distinguishing, between croaeoto and 
piionol is given by Fliickigc.r {Tharm. «7. Trans. [3] ii, 1008). 

Take a. Solution of ferric chloride abfiut 1*34 sp. gr. . . 1 ptrt . 

„ b. Creasote 9 parta 

„ c. Alcohol contidning about 85 p.c. of absolute alcohol 5 i* 

^ „ fZ. Water 60 „ 

W, a h mixed, assume no peculiar colour. 

■ fl + A + c furnish a green solution. j ri* of 

fl + ft + c* + <Zform a turbid mixture of a dingy-brownish cblouJ» wOp 


creasote being separated. 

By substituting phenol for creasote, — 

-t- A will show a yellowish hue. 

a -f A + o yield a clear brown liquid. ^ 

a h c d display a beautiful permanently blue solution, without 
■ phenol, or the fey? drops sinking down may bo rodis-solved by shaking. ' " 

■ The blue coloration given by phenol renders it impossiblo to detect 
in the presence of creosote. i ' 

Creasote from beech-wood tnr is almost insoluble in glycerin', - 

tliat liquid in all proportions. If a large quantity of phenol be :fn| 
creasote, the latter will dissolre in glycerin together witK the phen^^>) 
cev, 404). > , 
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CRSATZXrSf A compound ifiumcrio with croatiiie, callod isocrea- 

tiin) or lilac roa tine, is formed by direct combi nation of alanine witli cyaiiamklo: 
C’lrXO- + CH‘‘'N'- = C^IPN^O*. ■V\^lon a coiicentiYitcd aijucoiis sohiiion of the t.Avo 
MilititJinccs mixed with a little ammonia is left to stand for soiiui time, dicyanamido 
ci’VstiilJises out lirst, and then aLTcrcatiiie, tlio yielil of wliich may bo increased by 
cini'loyli'S excess of alanine, but iifiver readies the theoretical limit. 

Alsi’croat.iiie foniis anhydrous prismatic crystals resembling creatiuo. It is almost 
iiiHtdiible in cold ideoliol, ami very sparingly soluble in hot alcohol, but dissolves freely 
ill Viiitor, namely, in 12 iNirts at li)“ whereas creatine, according to Liebig, rcquirc?s 
71 pans at 18°. When lieatcil to 170°-lSrt°, or trealed with dilute sulphuric acid ,it 
lusos wiiteraiid is converted into alaci'Gatininu, C’‘JPN“0, which dissolves in water 
;liuI in alcoliol more freely than alacreatine, cr}’’stallisc;s troni water in long needles 
nsenil'ling urea, aiul from alcohol in small rhombohedral anhydrous crystals (L. 
baiunaiui, Aa;?. 67*. Pharm. clxvii. 77). 

CRSATZXnWB. C'lT'NO. — Preparatioit front Vrlne. — A few litres of Imiuan 
ariiie are evai)orated to about one-thinl of tlie oiiginal volume, and the liquid, after 
liL-iag dci-aiitcd from tlie salts Avhich cryslalliso mit, is preeii)itated with load acetate. 
Till- lilfrate is freed from lead by .sodium carbonate or siilpliurcl ted hydrogen, neii- 
traliseil, cillicr with acelii- acid or with .st)diiim carbonate, and ])recipit!ilod witli mer- 
i-iUTi* ^liloride. The precipitate, a combination of cre.-itiniiio with the mercury salt, is 
deciiiiipusi'd imder W'ater with sulphuretted hydrogen, and the laiuid, after treat- 
incut Avitli aiiimnl charcoal, is cA’aporated. On recrystallising the cry.stalline 
rcsi<lua once or twice from alcohol, pure creatinine liydroeJiloride is r>btHined in wliit.o 
crusts OP liard shining prisms. The same results were obtained with horsc.s’ urino 
(Miilv, Attn, Ch. Phar/ii. clix. 27D). 

. A la <: iM’ati II i n e, obtained, a.s above described, by dehydration of alacreatine, 
in alcohol and water more freely than the latter, crystallises from W’-iter in 
lung ncudli s re.sembling urea, and from alcohol in sm.ill aiiliydrous rhonibohcdr.il 
cr\>t.'ils, whicli, on exposure to the air, absorb water and change into iimUes. Ala- 
nv.iliiiiiR! is a base resembling (rrcalininc, and forming .double salts with zinc chloride 
and otlier (rhloriile.s. It also reduces mercuric oxide, yielding, together with other 
pi'ddiK’ts, an alkaline b.isc, but no oxalic acid (llaurnann, he. cit.) 

CBSnrzC ACZB. According to IJontigny {Cmiipt, rend. Iviii. 217), the medicinal 
waters of Forge-s-les-Enux contain ferrous salts of crenic and nijocronic acids. On 
ixpoMire to air the water.s depo.sit an insoluble ferric compound, from which creuic 
iitdil I'liii be extracted by boiling with cau.stie pot!ish and precipitating the solution 
with liydrocldoi:ic acid. The purified crenic aciil is capiable of dissolving forroms car- 
hoiiiite. 'J’lie source of the w’uters is a peaty stratum, overlying a vein of iron 
pyriU's. 

CBS80&. C’H'O = C*H* n. L. Buff (Veut. Chem. Ges. Ber. ir. 378) 

li:is ohliiiiicd a solid and a liquid cresol by subjecting coal-tar crea.sotc to fractional 
.*<01011011 ill soda-ley, and fractional precipitation with hydrochloric acid; treating the 
frnction boiling nt 204°-205° with benzoyl chloride, whereby a solid and a liquid cresyl 
k’uzortte w'ore produced; and decomposing tlieso ethers with alcoholic potash. The 
solid body was obtained in largo, white, hard crystals, which melted at 70°-70'5°, apd 
solidified at 52 '0°. Its properties agree with those of paracrcsyl benzoate, which melts 
ot 70^. The cresol obtained IVom it is a colourless body, having a sharp urinous. 
«'ncU. It solidifies in a mixture of ammonium sulphocyanato and water, melts at 34%: 
«uul boils at 205°. Its proportiGS arc those of paracrosol Suppl. 506). : 

iio liquid ether boils above 360°, and does not solidify in a mixture of ammonii^ 
^ulphocy.inato and water. The cresol separated from it by alcoholic potash cannot^^. 
nude to solidify; after fiisian witli potash, it gives, with ferric chloride, the Teactt|||~ 
of salicylic acid. 

Clilorocrosol, C"H*Ci|q^* maybe prepared by heating cresol-vapour with chlo* 

^>ne, removing the resulting hydrochloric acid by a stream of carbonic anhydride, 
^'mijectiiig the product to fractional distillation, and separating the portion which 
'stils between 236° and 245°. This liquid, when cooled by a freezing mmuro, deposits 
lysbils of cbloro-cresol, easily soluble in alcohol, ether, benzene, and petroleum oil, 
leituig lit 56®, boil ing at about 240°. This compound docs not yield any definite pr^ueta 
potassium cyanide or silver cyanide; neither can ordrt bO 
prouucod from it by heating with alcohoUc potash or fusion with potassium hydrat^ 
enco It may be imorred that the chlorinc-atom is contained, not in the lateral chaiU ; 
as might perhaps have been expected from the formation of the compound at a 
' ■ ■■ ■■ ■■■>•■ 
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t'6mpcra.tiiT0 — but in tho benzono nucleus, us indicated by tlio formula aboro 
inven (R. Riodormann, Dcui, Chom, Gcs, Ber. vi. 325). 

f CH* 

Crosol-sulphonicacid, C’lPSO* = C*H* J SO»H, was pTcparod by boating 
^ I OH 

sulphuric acitl und tho abovo-montioncd cresol to 60°. Tho barium salt and Ccikhnn 
wdt iiro very soluble, crystallise badly, and liavo a tendency to form basic salts. ''I'lu; 
potassium salt forms star-shaped groups containing two molecules of water. Tho 
siilts of this acid appear to correspond with tho.so of the 7-crcsol-sulphuric aciil nf 
Engelhardt and Latschinoff (Isi Supjil. 507). On fusing the potassiuiri salt with 
jiotu.sh and treating the product in the usual way, pyrocatccliiu was obtiiincd, bub 110 
orcin (Riederinariii). 

With the view of obtaining oridn, cresol was treated with an alkjiline solution of 
iodic acid and ioiliuc, according to tho niethod of Komcr, w'hcreby an iodised crcsol 
was obtiiincd in tho form of an oil which decomposed below' its boiling point, and this 
oil lieatcd to 25()°-300° witli alcoholic potash, was decomposed, yielding a brown amor- 
plious mass. Tliis substance w'as several times dissolved in an alkali and precipitated 
by an acid, and wjis aftiTwards purified by various solvents. It becomes red on tnwit- 
ment with uiiirnonia, dissolves in alkalis with a d.ark rod colour, softens at 50° nicltn 
at 100°, and is free from iodine. By analysis it gave numbers agreeing with tliu 

forimila C»U‘'0> or 0— (BicJiirmann). 

fcn» 

CXBBOTZC Acm, C"II"0® = C«H*JOH . Biedormann a. Pike (Dcitf. CV^rw. 

IC0‘1I 

Ges, Ber. vi. 323) have prepared this acid from coal-tar cresol obtained from Calvert's 
mantifactor}'. This liquid did not yield to fractional distillation any product of con- 
stant Ijoiling point, but the portion boiling at 203° was regarded as pure cresol. 

Cresotic acid was prepared, accor*ling to Kolbes method (1«^ SitppL 508), by dis- 
solving sodium in tho cresol, and passing carbonic anhydrido into tho solution; tlie 
sodium crc.sotato was then i^rocipititcd from the liquid l>y a eonccntratecl solution of 
animonium carbonate, and pure cresotic acid w'as separated from tho aqueous .solution 
of tho precipitate Ijy hydrochloric aciil. It was found, liow'ovor, that only a small port ion 
of tho cresol is converted hy tliis treatment into cresotic acid, probably because ono of 
tlio modifications of cresol in tho mixture is more easily acted on than tlio oUicr two. 

Cresotic acid thus prepared luelU at 174°. Acconling to Kollio, tho melting F'iut 
is 153°. Engolliardt a. Latschinoff, on the other hand, found that tho cresotic acid 
which tlioy prepared fi*om 7-cro.sol or mctii-cresol ])y the action of pliosphoric nuhy- 
* dridc on thymol (Is^ SuppL 507), melted at 168°-! 73°, whereas tlio melting points r)f 
their a and $ cresotic acids (prepared by fu.siiig o- and /9-toluencsulplionate of potas- 
sium with potash) wore mucli lower, viz., 114° and 147®-l''>0°i’cspectivoly. It would 
appear, thou, that tho cresotic acid prepared us above is 7-crc.sotic or meta-cresotic 
acid. 

This cresotic acid crystallises from water in boauLiful shiniug needles resembling 
salicylic acid, and .strikes a deeji violet colour with ferric chloride. Tho calcium salt 
and barium salt are very soluldo in wattu\ crystalliso bailly, and retain no water ot 
crystallisation. Tho silver salt forms a white powder Bolublo in hot water, and yidijs 
methyl vresotate when it is lieatod witli methyl iodide. Tl]i.s ether boils at 23G°''237 , 
and smells like gaultheria oil. Alkalis act on informing an alkaline mcthyl-cresotate, 
wliich by further Ireatinent with alkfili splits up into motliylic alcohol and crosolic 
acid. Ammonia converts it into metliyl alcohol and cresntamide, a solid slightly 
soluble mass, which has not yet been iuve.stigatoil. 

An attempt to prepare tlio aldehyde of cresotic acid by the distillation of calcuinj 
cre.sotato and calcium formate was uii.successful, cresol and other products not yet 
investigated being formed. Nothing giving a crystalline product with sodium bisul- 
phite was obtained. 

C&OXfSTZUITZTBa This mineral, found only at Przibram in Bohcinia, 
in Cornwall, was first analysed by von Xobell, who assigned to it tho formula 
3(I'e0.Si0‘').4(Fe*0».3Jl-0), or 3bV"^.SiO*.4(i*V-)»*H''0« (ii. 112). This formula has 
recently been confirmed by Maskelyiio a. IHight {Chem. Sue. J. [2] ix. 9)» vho foun^ 
in H well selected Cornish specimen, 4r27 p.c. ferrous oxide, tho formula requm“p 
41 '54. Many specimens, however, exhibit a smaller percentage of ferrou.s oxido, a® 
nn exccs.s of ferric oxide, probably from association with a ferric silicate, like liiuiDS®^ ’ ■ 
with whicli, indeed, cr^mstedtite has been shown to bo associated. , . 

Tlio ciystals of cronstedtito belong to the hexagonal systeni ®*id 
The specimens formerly examined from Przibram and from ‘Whetd Maudlin 
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JiJ not yield moasurablo crystals ; Lut amongst thoso from other Cornish localities 
xaininod by Maskolyiic and l^'lighb, wore a fow on wliidi the diverging groups of tlio 
crystals of a’onstodtito po.soiitod hero and there a crystal, or more generjilly a small 
„r^un of crystals, with morbdofiiiito features. In some cases tJio crystals were nmtiially 
riitoruerx'l rating, the brilliant cleavage-planes of thetliiferont crystals projecting through 
(iiio jiiietlior, iindpresontiiig re-entering angles which inJiealetl tho probability of their 
bising twinned, la most cases, again, a careful scnitiiiy of tho bright summit piano 
showed (iiat it was tessolated, and that tlie cr^*,stal ivas in fact composite, tlie dif- 
liiviif individuals comprising it being generally in parallel jiixb-ipositiori (fig. 9), bub 
suButimes (fig. 10) twinned round tho nornuil to that plane (the morpliological axis of 
tlio crystal) ; bat never so us to mask the truly hemiraorphous chai’aeterof tho crystal. 
Tlio symmetry round tlio axis of each cryst:il is trigy>nal, the form of tlio crystal being 
ilifit resulting from the couibinaliou of two rJionil»ohedi'ons, of which only the planes 
uii Olio side of tho unique piano of symmetry (tliat parallel to i ho suminit plane) are 
ixtaiit. Tho er^'stal thus presents tho a.spect of a eombinatioii of tw'o trigonal 
pyramids, of wliich one is more acute than the other (fig. 11), i’or angular moasuro- 
niouts .SCO the original paper. 

Fio. 9. 


CROTOK OXZi, ACXD8 OBTAXXVSB mOM. It has hitherto boon nd- 
inlth-d, (111 the authority of Schlippe, that croton oil yields by saponification crotonic 
iuiil and angeiic acid (>'JlH)- (ii. 112). Jhib from recent expcTiments by 

tloutlior and Friihlich {Zeitschr. f. Clum. [ 2] vi. 26, *)f9), it appears that this oil does 
not yield any liquid acid having tho coni po.^ it ion C^IL^O’, and that tho solid acid| 
C‘il’’0', which it yitdds, is not angelic acid. 

Croton oil (2 kilo.) is saponified with strong soda-ley; tho brown saip removed; 
t!iy black under-liquor supersaturated willi siilpliurie acid and distilled ; tho distillate 
('jii wliieh oil-drop.s fioat) is neutralised with sodium carbonate, then evaporated to a 
fiiiall balk 11 ml siipersatn rated with sulphuric acid; the aciibs 'which separate in oily 
I'lriit are ivrnovod from tlie watery liquid; the latter i.s several limes exJniustod W'ith 
I rliL-r I’lvi, fj-oni alcohol ; tJio ether added to the oily acids ; the ethereal liquid dehy- 
‘Iralcil with calcium chloride ; and tho ether distilled offi Ily* tliis process, ii brown 
ril is obtained as residue (44 grama) •which by rcpeattsl frnetionnl distillation iiiny bo 
rated into four portion.s, the fir.st lioiling at ]15°-1C0° tho second at 1G0°-190°, 
tl>»; third at 190''-2Uo^ and the fourth at 20o°-270'*. 

Tlio iiist fraction contains butyric and acetic acids (no propionic acid was observed) ; 
tlio second, butyric, and valeric acids. The third contains a crystallised acid, con- 
hbbuing nearly tlic w'liolc, wliich has the coiistitiitiou of angelic aciil, but is not ideu- 
'i»"il tliorewil li. When freed from adhering oily acid by reiioated crystallisation from 
p,?/’ forms transparent, ctdourless, rliombic fdat.es and prisms, which at 

”^clt ;it the edgc.s, and at G4® molt completely to a limpid oil, gradually 
^'muitying again between GO® and 08®. It boils witliout docompoBition at 201' 1® 
b’un*.) tasto.s v(!ry sour, and wdiori puro has a pleasant aiMiuatic odour, fleiither a. 

^ j “^li f^csignato this acid provisionally a.s tiglic ac. id, atid point out that it is, 
rLTli.aj(s identical with I'ranklaiid a. Duppa’s iiiotliyl-crotonic acid (1 si Suitjil. R'iSb 
tdl 1 ^ C*H^O*.0-'IJ^ boils at 160® (corr.), lias a specific gravity of 0-926, is 

■It ir‘i”«l)Jirent, andiusolublo in water, and lias aiu-culiar aromatic odour, not 

itluT liisQgroeablc odour ascribed by I'rankiuud a. Duppa to mcthyl-crotouic 

(C‘K’'0-)"Ha + lOll-O, separates from its .iqueous .solution on 
in crystalline ma.s.s inado up of small needles ; it is very- soluble 

It by no means difficult to crystiilli.so, as the methyl-crotonatu is said to be, 

a of crystallisation over oil of viti’iol. Silver tiglate CUPAgO® is 

Th powder, nearly in.‘‘Olubl 0 in -wntcr, and but little altered by light. 

frartion (205®-270°) of the original mixture of acids appears to contain 
* or cennntliylic, or pyroterebic acid, together vith higher inembera of the 
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nvryliiJ strios or of l1»o next lower isologous series ^0* : the quuntity of this 

iiMetioii is, however, very snnill. 

CROTOmc ACID. C'lPO- (Kirkiile, Chem. Gcs. jftr. iii. 601; Zcitsch. 
f. Chun,. [2 1 Ai. 70o). iSolivl erotoiiic ;iei»l (liitlierLo distiuguished as a>(!rot<iuic tteij) 
ij: produced liy llio action of o.vygcu or •itiiiosplieric air ou crotonic aldehyde (furiiud 
l»y eoijileiis:il ion ofacetio jddehyde),- silver salt by oxidising crotonic ahlr- 

li^'de Avith silver oxide. Tile acid tliii.s ])rodiiml melts at 71°-72°. In a small distil- 
ling ilask it binls at ,180'^-181" ; Avheii distilled according to Kopp’s directions it. 
182'^ (corr. 181^); Avitli tlie iiicreiiry-eol uiuii entirely in the A'apour, at 189°. In 
vi'ssels exposi^d to the sun, it siil)limt‘S in largo rhoinbic plates. It dissolves in 12-4.7 
p irts of Avatcr at 19° and is obtained by evaporation of lliis solution in Avell-defiiud 
moiiooliuic erv.stal.s exhibiling the corn bi nation ooP. otreo . OP . + Poo . Angle x P ■ 
OP -- 112° oO'; 00 P : co P - 107° 80' (laterally); OP : + Px) 125° 30'. Axis 
a ; h : c — 1 : 1'80(35 : 1-5125. Anglo ho ~ 131°. Olciivago parallel to OP and xPx 
(a'oiii liatli). When fused with ]H>tasb, it yiidds nothing but acetic acid. 

Tlio same ch.imctcrs arc cxhibitcil by crotonic aci<l prepared from the allyl cyanido 
olibiined from mnsLiinl oil (Ls^ Snjypl. 510). Acconlijig to Will a. Kdrner, this ucid 
melts at 72°; according to Bulk, it melts at 72°, boils ;it 183*8° (oorr. 187°), and 
dissedves ill 12-07 parts Avatcr at 15°. With roganl to tho erystulliuo form, Hulk 
gives iiLeasiirements by Xnop, li*oni Avbicli, it. apjxiars tliat t.lie crystals of the acid aro 
nioMOoUnic. Knop’s measurement. s (.-///;/. Ch. PAarw. exxxix. 62) are i ndoesd aftlvtud 
Avit.li eerhiin obvious errors, but hair out of the six angles measured by him iignu 
iieari}' Avith those deLm'iniiUid ]»y von Ihilli. The identity of the crotonic acid Iruiii 
allyl I'vauitlo prepared fi-om mustard oil with that oldaincd by oxidation of crotouii- 
abieliyde, is therefore established ; and the same may bo said of tlie acid AvJiich Win- 
liccinis obtaiiKid by tho distillation of ;3-oxybiityric acid. Avhieh melts at 71°-7‘4^ 
;iml boils at 181°-182° (eorr.) Theerotonie. aeidoblaitUHl from allyl cy.-inide synthoti- 
cally prepart'd (ly tho action of potas.‘<ium or silver cyanidt! on allyriodidc) likewiso 
exliil.)it.s tho .s.imc pliy.sieal properties, but according to Claus (iJauf. Chem. Ge^i. Ikr. 
iii. 93), wlioM fiiscil willi potusli, it yields, not acetic, but propionic and carbonic iicid.<. 
Ktskule, lioAveA'or, find.s that this statement is erroneous. Ho juH'pared crotonic aciiL 
in the m.-iumr described by (.'bins, viz., by converting allyl iodide into the cyan ide. 
and distilling the latter Aiith pot-ish, and piiriiied tho portion distilling bctwcuu 180° 
and 1 95° by couAmrting it into the sjwiriiigly soluble silver .salt and sopariitiag tlic 
acid tlierefroiu. The erotonie acid thus obtuiued melted at 72°, boiled at 182°, and 
gave by fusion Avith ])oUsli, notliiiig but acetic acid. 

Con:itUuiion. of Solid Crotonic acid. — Tile identity of the crotonic acid from cjotonic 
aldehyde and from allyl cyanide being thus establi,shed, it Avould seem to follow tlmt 
this crotonic ue.id must have the formula CIP— CH — CII- — COOII, inasmuch as tlie 
constitution of allyl alcoliol is constant ly represented by tlio formula 
OH. and, therefore, that of allyl cyauido by CIP— CH — CJP — CN ; and, in fub 
Ivukulti fonuerly nqirescriled crotonic acid by the formula just mentioned, assigning', 
also, a similar constitution to crotonic aldehyde, and supposing it to bo formed froni 
acetic aldehyde in the manner .slioAvn by tbo following equation, in which tho hrftckctUd 
symbols indicate the eliminated alom.s of hydrogen and oxygon : 

CIP(II)-C(0)H — IPO = CTP“CH— CIP— coil 

CH«(H)— con. 

(iSoo 1st Suppl. p. 513). Now, however, he coiasiders it more probiible that tho two 
liydrogon-aUmis am taken, not one from each of tlio met hyl groups present, ns above, 
hut both from tlie same methyl group, giving for tho resulting crotonic aldehyde a 
formula in Avhich the two middle carbon-atoms nro doubly linked, thus : 

CIP— C(0)II — H*0 « 0H»— CH=CH— COH 

C(IP)1I— COH. 

Tliat such is tho true representatiou of tho change may be inferred with great pw- 
liability from tho analogous synthesis of ciiinamyl chloride from benzoic aldehyde 
acetyl chloride, discovered by Bortagnini : 

€^—0(0)11 — H-O = CI1=CII— COCl 

C(H'-')H-C0C1. 

In this case it can scarcely be supposed that tho carbon-atom already atthch^ fo 
aromatic nucleua by one unit of affinity could become moA intimately united vitn » . . 
so as to form the group C^H*~CH — . \ ■ ihl- 

Admitting, then, for crotonic ahlehyde tho formula CH»— CH=:CH— C03^ ** ® ' 
.lows that the crotonic acid formed from it, and therefore also, the 4cid fowasa 
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allyl alcohol, must have the constitution CH"— CHrrCH— COOII. In tlie lattup case 
It must he supposed that, at some stage in the passage from the alcoliol to the acid, a 
change occurs in the arrangement of the hydrj>goii-atoms, cither that the iodide pre- 
pared from the alcohol has no longer the formuhi — 

Cff'=CIT-CH2I, but is CH>-Cn=CHI ; 

oT that the cyanide is not— 

Ci[*=:CH-CH-’CN. but CIP-CH-CHCK ; 

or that the cyanide constituted according to the first formula yields an acid correspond- 
ing to tlio second cyanide. 

Tlio formula thus assigned to crotonic acid is confirmed by the fact that when fiisi d 
Avitli Jilkulis it is rcsolvcfl into two molecitlos of acetic acid. Tor all the acids (if tlio 
.nrylic scries when thus treated, split up at the point where the carbon-atoms are 
iIouMyimitod (l.?i Suppl. 12), so that when the molecule CJP— CH“C1I — CO=H is acted 
upon by 2H-0 (or 2KIIO), tho group CH*— CH tJikcs up 2 atoms of oxygen, and tlio 
riglit-hand group OIT— CO-H takes up 2 atoms of hy'drogen, forming 2 niols. acetic 
.K-Kt CIP — CO-ir, uhilo the remaining 2 atoms of hydrogen aro elirainatod. An acid 
lijuing the constitution CIP—CH ~ CIl- — CO-H would split up, under similar circiira- 
.*-r!iiiccs, into formic and propionic acids. 

The formula Cir* — COOH was formerly assignwl to the liquid crotonic 
arjil said to be obtained, 1. by saponifi(!atioti of croton oil (tSchlicpcr) ; 2. by tlie action 
(if clilorctliylidcno and metallic silver on cliloracctic acid (Stacewilz); il. by the 
iii'tiuiJ of nascent liydrogoii on tlio modification of chlorocrotoiiic. acid wliicli melts at 
j’lO i) (^Geathcr; .seo 1st Suppl. oOO). 'With Pt?gard t-o the first of the.se yirodiicts, 
it appears, frr.mi tlio experiments of Gciithcr a. Prohlich. that the saponification of 
(•roroii oil does not j’ield any acid having the composition C‘1P0- (ji. fino). With regard 
to llic second, it has been shown hy Ki'kulia. Zincko {Awn. Chmn. Phann. clxii, 12j) 
tliiit the siipposcHl isomerido of chlorothyleuo dr vinyl chloride, called chloraretene or 
rldorcUfplMcnCj said bj' Ilarnitzky to be formed by the action of phosgene on aldehyde, 
lins no existonco ; hence it, i.s prolxiblo tliat tho liquid product obtained in the second 
nf till) above-inentioiiod reactions was nothing but crotonic aldehyde (fonnod hy the 
aclioii of hydmchloi'ic .acid on the acetic aldehyde) mixed with hydrochloric acid.^ 

'flic liquid crotonic, acid obtained by the third re.action, calli'd qvartenjjlic acid by 
(ifiillier, is said liy him to yield nothing but acetic acid when fused with potash; but 
tljis, accor.ling to Kckule, is tho re.action exhibited by solid crotonic acid : hence 
Kckule considers the existence of this liquid crotonic acid as somewhat doubtful, and 
f^nggosts that it should have been confirmed by converting the .acid in que.stion into a 
silver salt and separating it therefrom. The chlorocrotoiiic acid of higlier melting 
point is converted by nascent hydrogen into solid crotonic acid. 

On the whole, tlicn, Kckule considers that only two modifications of the acid 
C‘11''0- have as yet been satisfactorily mado out, viz : 


Crotonic acid (solid). CII* — CHznCII— COOH. 

H-C,. 

Methacrylic ,icid. COOH. 

ipcr^ 

Tho thinl iiiodiflcation, C,IP=CH-CIP-COOH, remains to bo discovered. ^ 

On the constitution of crotonic acid sec also Patcrn6 {ZcUschr.f. Chem. [2] vi. 88) ; 
Wow {ih'id. 245). 

Chlorocrotonio acids. — Triolilorocrotonic acid, CHPC1*0*, is produced 
I'y oxid,ation of crotonic chlornl Math fuming uitric Jicid. 'flic .action is very violent 
'111(1 must be moderated by cooling ; with impure crotonic chloral it takes place iinme- 
uiiitcly, but M'ith tho pure sulistance, after some time only. Tho 1 riehloroorotonie 
‘"’id obtained from sumewhnt impure crotonic chloral often i*emains liquid for sever.il 
d-iys, and crystallises only in cont.act with crystals of tho pure acid. 

Iricldoroerotonic .acid crystallises in colourless radiate needles, melting at 44® 
■■'ad boiling at 236®-238° ; it is very caustic, and destroys tho skin. It takes up 33 
pf’. of water, and, on the other Ijaiicl, 25 parts of water dissolve ono part of tho 
liiKl. Ity Jictiiig upon it with zinc and hydrochloric .acid the chlorine isrcpLaccd by hy- 
^ u^en. All tho products thus obtcai next crystallise well ; best of all, momchlorocrotoino 
which melts at 96® (Judson, Zdtschr.f. Chem. [2], vii. 40). 

I ■^*®*"***«?a trickhrocroionaiei C^H*KC1*0*, is obtain^ by ^ding potassium wr- 

'ouate slowly and in small quantities to the modorntoly concentrated acid ; it cry.‘*tallistai 

” Prisiu** and is very hygroscopic. Amm<mium trichlarocroimafe, CWj[NJr*)Cl*0-, 
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crystallisos from alcohol in colou'rlrss sccalcs. Lead irichlorocrotmatef (C*I1®C1*0*) 
Pb + 2ir*0, is prepsiml hy shaking an etherml solution of the acid -nith lead c!,r- 
bonute. On evaporating tlic. solution, the salt crystallises in needles arranged in tuft- 
like groups ; it is insoiiibie in cold Ti'.ator and spnringly soliiblo in boiling wati-r. 
Silver trichlorocrotonatL', CVlPAgCPO-, is obtjiiiicil by mixing moist silver oxide Avitli 
u dilute solution of. the acid, and adding silver nitrate and ammonia to the filtrate until 
it shows a slight alkaline reaction ; the salt is thus obtiined as a crystalHuo 
cipitate, ■which may b(j dried in vacuo. The eth}/lic cther^ C‘II*Cl*0®.C'‘ll*, is fortiud 
by heating equal numbers of molecules of the add and ethyl alcohol in sealed tuU!.s 
for some hours to lOO"^. It is a culuiurlcss, heavy liquid, which boils at 212° uud has 
an aromatic odour (Judson). 

TrwhloracrotoHffl cA/eriVc, C*TI'Cl®OCl, a heavy liquid, boiling at 162°-166°, is 
prepared by heating the add with phosphoric chloride to 120''^. Water acts on it 
slowly, but by alcohol it is instantuueously decomposed, cthyliu trichlorocrulonatu 
being formed (Judson). 

Trichlorocrotouamiile, C^IT-CPONIP, is easily formed by ]>onring aqucou.s aiumoiiia 
over the chloride. It is sparingly soluhlo in cold, inoro reailily in boiling w'ator, and 
crj'stalliscs from alcohol and ether in silvejy scales, which inclL at 96° (Judson). 

When silver trichlorocrotonate is heated -ttith water in a flask connected with a 
roverstjd condenser, .a brisk evolution of carbonic acid takes place, and silver chloride 
and dwhloralhflenCi CMl-Cl'*, are formed. The latter is a heavy oil which luis a penp- 
t rating odour : it boils at 78° and combines readily u'ith bromine. Tlio same com- 
pouiul is obtained by acting on crotonic chloral with caustic baryta — 

C'lPCPO + IPO « CTPCP + IlCl + (11PO. 
or by hejiting trichlorocrotonic acid with dilute alkalis — 

C'lPClW = C»Il-Cl- + IK.'l + CO-'. 

If the aqueous solution of tlu? acid is treated with an exens.s of silver oxide or alkali, 
the yield of dichlorsillyleno is very small, as tlie action goes further (Judson). 

Monochlorocrotonic acidf C'JPCIO-. — The rinc-salt of tliis acid is formed hy 
Uio action of zinc and hydrochloric acid on trielilorocrotouie iiciil (p. 397) ; or hy 
slowly dropping fiuscd Irichlorocrotonic acid into a mixture of water and ziiu*- 
dust ; the mixture then becomes warm, and no gas la evolved ; but if too much of the 
trichlorinatecL acid is .added at once, a gas is evolved wliiidi burns with a green IhiiiK! 
and pi-ohahly contjiins carbon and chlorine. By treating the solution of the zinc suit 
with hydrochloric or .sulphuric acid, criido monochlorocrotonic acid is precipitated; it 
may bo purified by recry. sta 11 i.sation from hot water, in w-hich it easily dissolve.s. it 
i.s easily soluble also in alcohol and ether, molts at 96°, lioils at 212°, and siiblimoB 
pirtially oven at the heat of the wator-bath, forming pearly scales .and iicodlos. It is 
not decliloriiiatcd by treating It in aqueous solution with zincilust or silver oxide, or 
by heating it with .ammonia to 120°; but by treating a concent ratotl solution ot 
Botlium monochlorocrotonatio with sodium-amalgam, and decomposing the resulting 
sodium salt wil.h siilphnrio or hydnx;hloric acid, crotonic acid is obtained, identical in 
every respect Avith tliat wdiicli is formed from allyl cyanide or from crotonic aldeliydi!. 
On adding a moleeulo of bromiuo to a solution containing a molecule of moTiochlom- 
crotonic acid, the two unite, forming monochloro-dibromo-butyric acid GdP 

C113r-0=, wliich separates as a colourless oil, soon bocoming crystalline. Potaesiitui 
monochlorocrotiaMlCt C'H^CIO-K, is very readily solublo in water, and crystallise-** 
therefrom in needles, and from its alcoholic solution in plates. The sodium 
C^H*C10'-'Nn, is nncrystallisable. The anwwniimi salt, (.PH*C10'‘*(NH*) forms lajg® 
plates, or six-sidod tables, Avhich sublime readily at 100®. The silver salt, C^H*C10*Aj?t 
IS somewhat difiicultly soluhlo in water, from which it crystallises in long whitt-’ 
needles. The lead salt, ((;'J{‘C10'-)®Pb + H*0, forms glistening plates and noodPs- 
The basic cupric salt, (C'H'ClO-)-^Cu.Cu(OH)=, is precipitated ns an amorphous bngnt 
blue poAvder, on adding cupric sulphate to a solution of an alloiliiie monochlorocro' 
tonato ; the neutral salt, wliich forms fine blue prisms, is obtained by ovHporBtJng 
over siilplinric aci<l a solution of cupric carbonate in the acid ; the calcium sw * 
(C‘lt*C10-)“(?a, crystallises in thick ])ri.sms, and the barium saltt (C*l:I''C10')'y’ 
in thin plates which are mori^ readily solublo than the calcium salt.. Mhul .‘T 
Tocrotoihate, C^lPClO-.C-'iP, fornuHl on satuipting an alcoholic solution of tne ac]id 
hydrochloric acid, is .a colourless liquid, having a pleasant fruity odpUri and boihnff® 
176 ° (Sarnow, JkuL Chem. Ges. Bm\ iA\ 731 ; 467 ). 

Chlorinated acids, produced by the action of Phosphorus 

tachloride on Ethyl-diace tic acid (Qoutnor, Jenaische vi.. ! 

Chem, Soc, J, [ 2 ] ix. 812 ). — When phosphonis pentachlorido (33 parts) is ^ 



CROTONIC ACID. 


399 


added to etliyldi acetic acid (10 parts), it dissolves -without any great evolution of 
lieat, forming a roddish-bTOwn liquid ; at tho sumo time large quantities of hydro- 
ciiloric acid and ethyl chloride are evolved, hut no acetyl chloride is formed. Tho product, 
wliicii consists of phosphorus oxychloride and the chlorides of several acids, cannot ho 
siircoB-sfully separated by fKictional distillation, and must Oioroforo ho added gradually 
to water maintained at a low temperature, in which it roadily dissolves. On distilling 
tho aqueous solution, an oil first passes over with the vapour of water, -which does not 
solidify; this is succoetlcd hy a milky liquid which deposits crystals on cooling; and 
ultimately tho distillate comes over clear. The first portion of the distillate contains a 
rciiJily volatile oil, which does not solidify ; the milky intermediate portion consists of a 
volatile acid which solidifies on cooling; the residue in the retort is a very difficultly 
Yol.'itilo acid. ^J’hcso three may bo moro completely separated from one another hy 
repeated fractional distillation with wjitor. The small iKirtion of the volatile acid 
wliiidi accompanies the neuLivil oil may lie removed by .ngitating it with an excess of a 
soliilion of sodium carbonate, and distilling, tho crystalline volatile acid being re- 
I'ovt'i-ed from the sodium salt distillation with dilute sulphuric acid. To obtain tho 
slightly volatile acid from tho residue in tho retort in* tho first distillation, it is neii- 
tralised with sodium carbonate, and, after scparntirui of the resinous impurities, con- 
icntrated by evaporation. JMucli of tho .sodium phosphate may thus bo separated by 
rrystallisation ; and on evaporating the mothcr-liquoi's to dryne.ss, and extracting W'ith 
alcohol, the sodium salt of tho ne-\v acid is di.ssolved, leaving the sodium phospliato 
and sodium chloride. After tho aleohol ha.s been roiiioved by distillation, excess of 
Milphuric acid is added to tlio solution, and tlio whole boiled for some time to reinovo 
tlio last traces of tho moro volatile acitl. On agitat ing with ether, <lryhig tho etliercal 
solution of the acid -with calcium chloride, and evaporating, an oil is left behimi, which 
s)Iiditic.s over concentrated sulphuric acid to a crystiiUiiio mas.s. To purify this acid 
if is dissrdved in water, decolorised by aniinal ch;tn‘oal, and rocrysbillisod. 

Both the acids thus obtained have tho eoinposition C'dl^ClO** The le.'is volatile 
fii iil melts at boils at 206°-211°, and is identical in every respect willi the mono- 
clilorocrotoiiic acid above described. Geuther, however, designates it as ehloro- 
U'traerylic acid. By reduction with smlinm arualgsim, it is converted into solid 
n-otouic acid ((Teutlier’.s tctracrylic acid) melting at and boiling at 187’4° (corr.) 
By tlie^ action of potassium liyilrato it is converted, according to Geuther, into an acid 
C‘IT‘0% which he calls totrolic acid, melting at 7f>’5 and boiling at 203®. This, 
liowuver, is very douhtfid, as, according to all qthcr authorities, erolonic acid fused 
with potash yields nothing but acetic acid. 

The more volatile chlorinatod acid designated oy Geuther as chloro -quartciiylic 
may ho boiled wiih cxces.s of potash -ivithout undergoing decomposition. A satu- 
rated solution of its so«lium salt ti’cated with sodium amalgam yields tho sodium salt of 
‘ quartonylic acid,’ or liquid crotonio acid, C*1P0^, from -wiiich that acid may Im 
obtained as a colourless oil which boils after rectification at 171'9® (corr.), has a density 
of 01018 at 25® and docs not solidify at —16®. 

As there are but three possible isomcrides of the acid C'II"0®, viz., crotonic acid 

fH»-Cir=CU— CO», motliaorj lic acid and tlio acid CI1»=C1I— 

tliB last, formula ‘vould seom to belong to quartcnylio acid; but, this acid, 
itfi fuK, ill with jK)tash, should yield fonnic and propionic acids (p. 307), whereas 
Hccorihng to G»juthor, it yields nothing but acetic acid, whence it should have tho eon- 
_ J utiou (1U“ CUzrCll — CO^ll, Its separate existence must, therefore, for the 

PW, bo regarded ns doubtful. 

above mentioned as one of the products of the action of phosphorus 
®lJ^yl-diacetic acid is, according to Geuther, a mixture of tho ctliylic 
Dnv? ^ and chlorotetracrylic (clilorocrotonic) acids, which aoisls 

■Mifi heating it for several days with strong hydrochloric acid, 

■'»dcl.«t,mne the proiluct with J b J 

results, the action of phosphorus pcntachlorido on ethyl-diacctic 
inonochlorocrotoiiic chlurido (or two isomeric chlorides) w'hich is 
/ chlopocrotonic acid by treatment with w-atcr, and to the corresponding 
ether (or two isomeric ethers) thus : ^ 


t 2PC1® 

ISthyl-dl. 
acetic acid. 


= C^n^ClO.Cl + C*H*Cl + HCl + 2POC1* 
Chloroctkitonic 
chloride. 


+ PC1“ 

Ethyhdl. 
acetic acid. 


CWOIO^.CWP 
£th}’l-Gblorocro- 
toaatc* 


+ MCI + POCP 


iiouacc* 

^foun rosin is also formed, probably a secondary prixluct 
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CROTONTC CHLORAL. 


CROTOirXC A&BBBTSX3, Tiio formation of this compound bycoQ^^u^ 

Siition of 2 inols. acetic nldeliyclc, iimlov iho influence of dehydrating agents has l^.un 
already exphiiiiod (pp. 34, 303). The best yield is obtained as follows : — Pure aldebviiu 
is heated in soda-water bottb^s with very little zinc chloride and a few <lrops of waicr 
for a day or two at 100°. Tlio unchanged aldehyde is then distilled off, and tlie dis- 
tillntioii continued in a current of steam ; the residuu conUiins higher condensation- 
products. The crotonic aldehyde distils over with the steam and partly floats on the 
water in the receiver, j)artly dissolves in it; by redistilling tho solution, and colloctin-y 
the first portion aparl, tin; greater part may however bo recovered, 

It has been stetod by I'atfTiio a. Amato that crotonic fildeliydo is formed by 3ualiiif>' 
aldehyde with ethyiideiio clilorulo (lAf^ Sifppl. 613). According lo Kriimcr a. I’inrier 
(JJciif. Cham. iics. ihr. iii. 76; Zdtsckr.f. Chvm. [2] vi. -170), no such result is ol). 
tallied if the ethyl ideiie t-Jiloride lias been iircviously purified from phosphorus oxv- 
chioride ; in the contrary liowevi*r, hydrochloric, acid is formed, and acts upon 
the aldehyde in the manner already explained, producing crotonic aldehyde and otlier 
condeiisatioii-pj’odiiets. 

Crotonic aldehyilo i.s conlainod in small quantity in tho “ first runnings” of the clis- 
tilJiitiori of spirit (Kriimer a. Pinner, ]>. 32). 

CROTOBZC GHX.OXtAB. C'lPCPO, TrkUuTocroionic. Aldehyde (Kramer a. 
Pinner, Ann. Ch. riuirm. chnii. 37)- — This compound is formed by tho action of 
chlorine on acel ii‘- aldehyde. AVlieii cJiloriiic is 'passed into jildehydo, at first carefully 
cooled in a freezing niixturo, and heated to 100° only at tho close of tlio reiirLion, 
tho first few bubbles cause tlie .separation of a .small quantity of soliil metaldehyilu ; 
after a short time, however, evolution of hydrochloric acid sets in arul every traci; uf 
chlorine is ab.sorbed. The re.siilLing brown nias.s coiisi.^^Ls of two layers : a lowi r, 
darker, almost .solid, and an uppe.r, light cr-coloiired liquid layer, tlio latter being .a 
saturated aqueous solution of bydrochloric. acid aiul the bodies of tho lower layer, ds 
it w’as found impossildc to separate these two coiUYdetidy, the whole wa.s subniiUeil to 
ilistillution. A considerable quantity passed (»ver Ix tween {)()° and 100°; the tlier- 
iiiomcter then rose rapidly to 160°; and tho main product distilled over between tliis 
point and 180°; tho temperature then rose to about 210°, but only decompo.sitioii-pn>- 
tluctswcrc obtained, and a coihsidcrablc carbonaceous re.siduo remained in tho flask. Tim 
portion *\vhicli passotl over between 160° and 180° yielded by systematic frnctioniil 
clistillation a liquid boiling between 163° and 166° and having the composition of 
crotonic chloral, Tlie formation of tliis compound i.s easily explained, by 

llio first action of chlorine on aldehyde, hydrochloric acid is produced ; and tliis n«'l. 
reacting on the aldehyde in tho manner already explained (p. 34), converts it into 
crotonic aldeh yde, C 11^0, which then, by the further action of tho chlorine, is gradiwlly 
converted into crotonic chloral. 

Crotonic chloral is .a colourless oil of peculiar odour, somcwliat recalling that of 
ortlinary cliloral ; it combim s with water, forming a cry.stallino hydrate, tho renctimi 
being attended with cousklorablo rise of temperatiiro ; on mixing it with jiIcoIkjI, 
much heat is evolved, but no crystallino compound is formed. Pumiag nitric a^’i'l 
converts it into trichlorocrotonic acid C*H’CT’0*. In short, in chemical bchiivionr. it 
corresponds in every repcct with tho trichloraldehydo of tho acetic scries, cxccptiog in 
its reaction willi alkalis. Ordinary chloral treated with alkalis yields formic acid mid 
chloroform, ami therefore crotonic chloral might bo expected to yield formic acid and 
allylic chloroform, C*II®CP, according to the equation : 

CCP— Oil— cn~coii + H=0 = CIPO* + CC 1 »— oh=ch*, 

Crotonic Cblorul. Allylic Ghluroform. 

instead of this, however, it yields diclilorallylenc, C'^lPCl- or CC1*=0=CH®, the alkali 
removing a molecule of h^lrogcii clilorido (Kramer a. Pinner). 

AVhcii crotonic clilorfil is digested with aqueous hydrocyanic acid in a vessel Imvmg 

a condenser attached to it, I he cyunhydrin, CCI*— CIt=CH— formoJlT 
direct addition, and this compound, by prolonged digestion witli strong 
acid, isconverted intotrichlorttiigclactic acid, CCP — fl TT— HH— CH ® 
solid substance melting at 40° (BischofF ii. Pinner, DeuL Chem^ Ges, Ber. v. 208). 

CCP---Cir=:ClI--Oil|J^l[, may bo easily recryshill‘‘^^’‘' 

from water, forming thin, dazzling white, shining idatcisj which ' 

retain water ard melt at 78°. It is very volatile in a current of steam. H ^ 
cultly soluble in cold, remlily in liot water, very soluble in alcohol. t(} 

powerfully attacks the miicpu.-< incinbiMiie and tlie eyes. Whett hcatodr'it wcm» 
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uplit up into water, carljon monoxide, hydrogen chloride, and dichlorallylene (Kramer 
fi. Piiiiinr). _ . , , , . 

'I'lic coTKstitutjon of crotonic chloral i8 not quite settled. From the modo of forma- 
tion. as aliovo explained, it. would seem to be t h.at which is represented by the formula 
Clio. Pinner, however C/iepi. Ges. Jlnr. v. 205), from the 

b.ilmviour of tlm dichlorallylene obbiinod from it, infers that it has a different con- 
.Ktilution. When this dichlorallylene is treated with bromine, Br“ is first taken up 
iiiid tlien Br is .substituted for Jl, yielding a derivative, not of propane, C*ll^ but only 
of propylene, Dichloipdibromopj'lono G®H-Cl-Br*, thus produced by addition of 

hi", is conrrTlod by alcoholic potash into dichloromonobromallylcno, CJ’JFCPBr, and 
tliis liody takes up Bi’"* and no more, yielding crystalline diclilorr>lribromopropylono 
(’hlCr-Br", from which alcoholic pobisli reniovos, not IlBr, hut the Br- ju.st added, 
ropiudiiLing dichloroinonobromallylene ; and by digesting the dichlorotribroniopi'o- 
pyb^iio with hromino at ICO® in a .sealed tube, the last hydrogen atom is replaced, and 
(Ik’lilorotetrabroniopropylcnfi C^Ol-Br"* is fomicd. In all this series of reactions only 
propylene d('riv.ati\cs are produced. Impure crritonic chloral, however, when treated 
witJi ])otasl), yields —besides dichlorallyleno — trichloropropylane C*1I*C1“, which takes 
up Ur-, foriiilng a propane dfirivalivo, C*JI*Cl*Br®, and is converted, by ciiustic potash, 
into diehlorallylcno. 

I’roiii these reactions Pinner infers that dichlorallyleno has a constitution repre- 
seuted hy an annular fornuila ; 

CPC-CK ClC-CCl 

\/ or \/ 

C!l[ Cll» 

iliat. tJie tricliloropropyleno which is convcrtoil into ilichlorallyloiio by potash, is oitlicr 
CilClziiCCl-CIl-Gl, or CCl-’:z;CCl-Cn* ; 
ini' I iL'it cTotonic chloral is either — 

CllCl-CCl—CnCl— CHO. or CCl"— CCl— CJF— CHO. 


CAOTOirXTIlZXii C^H*N. 8yn, with Aij.yl OYAyiDK. See Cyanides, 

CROTOmr&nSi C^Il®. This hydrocarbon, originally obtained by Cavontou by 
till? action of sodium ethylate on hutylcuo bromide (p. 221), has the constitution of 
othyl-acetyloiio, JfO=C — CH-CIl®, inasmuch as its tetrabi'omiclo C*H®Br^ is ideu- 
ticiil in propertie.s with that w'hich is formed by the siction of bromine on ethyl- 
.icctyleno synthetically prepared by passing a mixture of acetylene and ethylene 
tlirougli a tube heated to low redness. The tetrnbromido melts at 113®-115®. Cro- 
t'jnyleiicis also produced by the action of .a low rod heat on tho hydrocarbons obtained 
Irraii petroleum (Prunicr, Compt, rend, Ixxvi. HIO). 

Croionylcm divkloride, C^n®CP, is formed by: the action of phosphorus pontachloride 
on (Totojiic aldehyde. It is a colourless liquid, boiling at 125®- 1 2 7®, and having u 
specific gravity of 1*131 at 20°. It is decomposed hy alcoholic potash, but no defiiiitu 
products of the reaction have yet been obtained (Kckule, Afm. Ch. Phdrm. clxii. 98). 

Tclrachloro-croio7iyleni€t C‘Il-CP, is obtained by heating crotonic chloral to 110®-! 20° 
wall pln).sphorus pcntachloridc, and subjecting tho resulting liquid, which boils be- 
tween 130® and 140®, to fractional di.stillation (Judson, Zeitschr.f. Chein, |2], vii. 40). 


GRMY&BTBBR8. laocrotyl Bromide, = C(CTP)«z=CnBr, is produced 

y Inciting isobutyleno bromido with alcoholic potusli (p. 224). It is a colourless, 
‘■‘''•vy, aromatic liquid, insoluble, or nearly so, in water, boiling at 88°-92®. Heated 
150° with concentrated alcoholic potash, or crystallised sodium 
nvail'w j** converted, by excliango of Br forOC-lP, into ethyl-isocrotyl other 
W f or CJ(CII“)=zrCHOC“H*, which, when precipitated hy water, and purified 

iit <^jst*B«ation, forms a colourless mobile liquid, lighter than water, boiling 

'.1 » having a peculiar but not irritating odour resembling that of common 

r 9^ distillation^products of tho fata. Heated to 100® with fuming 
^ ethyl iodide. It does not attack ammoniacal silver solution 
pdh,*” fodiiim bisulphite, but unites ouergotically with bromine, forming tlio 

tompoiind C>H«Bp*o (BuUcrow, Wir./. CTHem. [2] vi; 628). 

®*T*»OPwa. Soo Owmt Alxaixiids. ■ 

<W8TAUnra BISBOCaftTZOir. See Chemical Actios (pp. 202-304). 

Observations on tho crystallisation of several metallic 
•h lusion with borax and microcosmic salt have l^eon made by Kuop [Ann, 

2»/7 3®)' ^ TiTANiuiff, and Zibconivai. 

OMp. j) 
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CUBEBENE— CUMENE. 


OVBBBUrSy heated to 280^ with 56 parts of higlily couccutratod liydri- 

odic acid, yields pentane, dccano pciitiulccane C‘^11'*-, and an oil volatilis- 

ing at about (iiortliolot, Bull. S(n\ Chini, [2], xi. 3). 

CITBEBIC ACZDt Tliis name is given to a resinous acid first obtained by Hor- 
nntzik {Chem. Cmtr, 1864, 101) from the ethereal extract of cubebs. The extract, 
after being freed from volatile oil by distillation with water, was dissolved in weak 
spirit; the solution, mixcjd with a little potash, w': is precipiUited with barium chloriJo; 
and the resulting barium salt., purified by recvystallisation from water, was doconi- 
posod by sulphuric acid. Ciibcbic arid was thus obUiincd ns an easily fusible resin, 
insoluble in water and acids, easily soluble in alcohol, chloroform and other, uikI 
forming, with the alkalis, neutral salts soluble in water and iirccipitated by tlic salts 
of the alkaline earths and heavy inctnls. 

0. 1'’. iSchnl/e {Arch. Phami. [S'], ii. 388) prepares cubebic acid by saponifying tlio 
alcoliolic extract of cnbebs witli caustic soda, leaving the resulting soap-cake to ilsclt 
for some time till crystals of sodium c.ulu>bato soivirato from it. convortiug this salt 
into the correspoinling lead salt, and tlecomiiosing the latter witli sulphuretted hydro- 
gen. Tlio filtered solution, when evaporated, left the cubebic acid as a resinous mass 
which could not be made to crystallise from any solvent. 

Cubebic acid thus prepired was found to have tlio composition (accord- 

ing to K A. Schmidt, Arch. Pharni. [2‘|, cxli. 1 Heft, its formula is C*®JT"0'). The 
sodium salt lias the composition 0“iP’‘XaO* + 2ir‘0. Tho acid melts at 45'^; can- 
not bo sublimed; gives with suljdiuric acid a crimson colour, which disappears on 
dilution, and changr.s to bmwn on addition of nitric .leid. Tin; acpicous solution gives 
procipitato.s with the salts of the alkaline earths and heavy metals. 

The aqueous solution of tho soap gave, on treatment Avitli aleoliol, a fatty oil anti 
cubebene ; and the residue, treated with bydrochloric acid, yielded a brown rr^in 
(Schulze). 

CVCinrOS. The luminous organs of tho Mc.xicau euci'iyos have been analysed by 
C. Heissemunn (Pflhg«‘r's Archtv. f. Physiologic^ vii. 36.1). Thu organs, after bciuir 
carbonised o.l. a low lieat, wero treated with lioiling water. Tho water was found to 
contain idiosphoric acid and potash, also traces of chlorine, and on tlio addition of 
hydrochloric atnd, a gas was given offj udiosc nature could not bo detcriniued, owing 
t/> tho snail 1 quniiUty. The r<*sidin‘, insoluble in waU'r, was filinost entirely soluble in 
hydrochloric acid, and gave distinct ovhtcnco of carbonic acid and lime. 

Uric acid occurs in tlieso organs in two combi nations, first as calcium urate, forming 
tho granular masses ; and secondly, as ]x>tassiiim urate, which is referred to tho crys- 
talline portion. The carbonic, acitl coriUiincd in the in, soluble nsh-rosiduo niny bo 
regariled as the product of (combustion of the uric, acid, and tlio pliosphoric acid is, 
probably', dcrivcil from tJie luminous cells ; but llio important question whothcr it 
occurs preformed and combined witli ixjtasli, (»r is produced by tho combustion of 
organic bodies containing phos phonos, remain.s as yet undecided, 

CmiKBirB, CM1‘*. Ijetorminations of the specific gravity of cumoiic, prepared 
by distilling cumic nciil with lime, have Inttdy’ been made l»y Pisati a. Patenio {G^s- 
setta chiinica italiana, iii. .574), with the folltiwiiig results : 


Temporature O'’ 25^ 50° 75® 

.Specific gravity 0-8797G 0*85870 0-83756 O’SlSSo 0-79324. 

Coefficient of Expan-sion ---= 0*00096302 + 0 0000010218< + 0.000000022977^'. 


Observations on tho xylenes and cumenes of coal-tar naphtha have been made by 
Eommier (^Com-pl. rend. Ixx. 641). Coal-tar naphtha, boiling between 130® and 200 , 
was dissoh*ed. in sulphuric, acid, the solution ]»Brtially saturated with soda and then 
(li.stilled. The mass gradually carbonised, swelled up and yielded a distillate (sonsisting 
oi two liquid layers, together with torrents of sulphur dioxide. The lower layer con- 
sisted of acid wiiter. the ujipcr of a compound (?) of sulphurous aedd and seTCin 
homologiics of benzene, easily doconiposiblo by sodium carbonate. The hydrocarbonfl 
thus Ropar.itod boiled lietwecn 130° and 200°. Of 12 litres of these li^rocafbons, i 
litres dissolved in sulphuric acid, and tJic solution, when distilled, yielded 2*7 
liquid wliich gave by fractional distillation 350 c.c. of u hydrocarbon bojhng a 
130°-140° ami haying the composition of xyleno ; 150 c.c. boiling at 166®-10J. » * 
haring thl^ compo.sition of cumoiie, and 200 c.c. of a liquid boiling at 170°;-200 Wplj 
was not further examined. The xyleno thus obtained is said by K^mier tO 
with fuming nitric acid, a dinitroxydeno different from that which is obtained . • 
xyleno not previously treated with sulphuric acid. The two dinitrociunon^ _ 
at 86® [which is the melting point of dinitromcsitylcue (Isif 209)] » but wncr^^ 

OKlinary cumene, or ino.sitylcno (?), requirt^s only 4 to ,5 times its weight of pttnc • 
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to convert it into the dinit rocom^junil, the cumene separated ft-oni the sulphuric acid 
coinpoand is not completely converted intf> dinil rociimono, oven hy 20 times its weight nt' 
ihr fumiiii; acid. Acirortling to measurements by De.scloi/euux {Courpt. rend, Ixx, o87) 
ilu» tAVO iliTiitroxyloJics and the two dinitrocumcnes exhibit differences in their crj'stal- 
Jinc forms. 

CUMXC AC11>, C*®JT'-0' = C'll^.C^ir.COOlI. To prepare this acid from 
Komiin enmin oil, 'RcilstiMii a. Kupffor {Ihut. Cliem, Gvs. JJer. vi. 1184) proceed as 
follows: The oil is dropped through a tap-fimncl on potas.sium hydrate molted in an 
ii'OTi pot like those u.sod in the preparation of ammonia. Jnto the lid of this pot is 
Jltt.wl a Wurtz’s boiling tube, the lateral tul )0 of which is connected with a cond<!nser. 
'WIkmi the evolution of hydrogen has ceased, watc;r is poured into the pot, ami the 
(‘vnuMie i.s distilled off. The alkaline solution is jirecipitatocl with liydrochloric acid, 
aid the filtrate thrown away, as curaic acid is but very slightly soluble in cold water. 
JI 3 ' combining tho cnmic acid with lime and decomposing the re.sultiiig salt with hy- 
di’ocliloric aeid, the cumic acid is easily obtained pure, Avith the molting point 114° 
(115'^ aeeordi ng to ( 1 erhardt). 

Jlarium Cumate, lla(C’‘*JT“0‘)- + 2H-0, forms nacreous tabular laminae, which 
ffive off their w'ator over sulphuric acid : 100 parts of W'ator at 20-5° dissolve 0'810 ixirt 
of the anhydrous salt. 

Calcimii CmnafPy Ca(C^®ir*0'*)* + 511*0, forms lunrispherieal tufts of needles 
li.iA'ing a silky lustre; effloresces very readily in the air; giA'cs off 2II-0 over fiul- 
liluiric acid. 

Cumnir^ ]Mg(C'“Jl"0-)- + CH-O, forms thin, tabular, nacreous lamiiirP, 
AvliicJi do not give off Avat<;r over sulphuric acid : 100 pirts of water at 20'5 dissolve 
0'82a part of the anhydrous salt. 

' Ih'omocumlc acid, C'“H*bRrO- • j C®IP.C®n*llp.GOOIT, is formed by heating c.iimic 
iioid Avilh liyilr<d)i*omie acid and bromine in a sealed tube for tw'o hours to 120°. It 
may bo cryslallisod from liglit pot roleum oil, and is very apt to ert'cp over the sidcss 
of till) eoiilaining vcssid in crystals. AVhen boiled Avith alcoholic potash, it yields 
chiefly oxethyl-cumic acid C'‘II\0*1I®0C®H\C0*H, oxycumic aciil 0®ll*.0*n®0H.C0-jr 
lirjing, hoArovor, formed at the same time. The brominated ncitl heated in a stream of 
carl ion dioxide gives off hydrogen bromide and yields allyl-phenybformic acid ; the 
liariiim .salt lias the composition C-"H*®.BaO* + 11*0 (Cznmpclik, Dcut, Chem, Ges^Ber. 
1S70, 47G). 

GUMZDXC ACZD, and CimSYZiZC ACZS, are produced 

by oxidation of dureno or tetranicthyl-benzono (Is/ BuppL 828). 

GUPXZTXa. Native cuprous oxide. See Coppfb (p. 889). 

GVRARXXril. Curarino gives Avith sulphuric acid and potassium dichromnto a 
bhic-violci, tint, not unlike that ju'oduced by strychnine iiudcr I he same circumstances, 
I'Ut inore permanent; the browui colouring matters apt to Im present in crude curarino 
latvrtcTi! much wnth tlio reaction ; neither precipitation by’- lead acetate nor treatment 
vith aiiinijil charcoal i.s suflicioiit to purify an alkaloid tliiis contaminated. 

Ourai-iiu! cxir.act (be.st prepared by moans of glycerin) yields an amorphous pre- 
cipitate of emurino chromate with potassium-dieliromato (neutral chromate does not 
aiisiwer .so Avell) : this proeipitito i.s more solulile in Avater than the corre.s ponding 
tilrvclniino comptjund, Avhieli, niorooArcr, is crystalline ; w’hon air-dry, it dissolves in 
•‘'nlplniric acid Avith a pure and deep blue colour, wdierons the strychnine salt gives 

viol(!t tint ; in neither case could the colouring matter bo soparatod and exaniiued 
y Itself. Phosphoric acid crannot be substituted for sulphuric acid in this reaction. 

I elassio-mcrcuric iodide and potassium platinocyanido precipitate curarine from its 
wlutiori, ns amoq^lious flakes, Avhicli do not become crystalline aa-Hcii dissolved 
VI. separated from this solution; the corre.sponding strychnine compounds 

ic;itiiiy become crystalline by tin’s treatment. 

uranno may bo scparalc^l from strychnine by moans of benzene, in which the 
xx^ir^G*)^ ; it is readily soluble in Avatcr (Fliickigor, N. BeperU Pharm, 

Mm del etion of ounirino in the animal body, see Ko(4i {C/iem. Cmtr. 1871 , 219 ; 

[^*Ji ix. GOO); also Salomon (Zeitschr, anal. Chem. x. 45-1 ; 80c. J. 

L-J) X. 

(P. Daubo, DviU. Chem. Ges. Her. iii. 609). The substance 
witli tl colouring matter of turmeric is a mixture of diifcrctit rcsiirs 
Momi > ^ compound, w'hirh may be obtained in the crystallino state by pjissing a 
wabhf steam over co.'ir.*>iely powdered turmeric, to remoA'o the essential oil# 

ng tJio residue witli hot Avnter ns long as colouring matter is extracted, then 

n u 2 
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drying it, and treating it with boiling benzene. On cooling, crudo curenmin separates 
in crystalline crusts, which must bo pressed between filtering paper and dissolyod in 
cold alcohol, a small quantity of a yidlow body being left belli rid_. To the filtrate a 
solution of neutral lead acetate is atlded, and then so much basic acetate that die 
solution just shows a faint acid reaction. The brick-red precipitate, after being washed 
is suspended in water and dcconiposctl by sulphuretted liydrogen. From the precipi! 
tiito tlio curcuniiii is extracted with boiling alcohol, anil the solution allowed to evap- 
orate very slowly. 

Pure cui'cumin crystallises in shining prisms, apparently belonging to the ortlio- 
rliombic system, and appearing of a hock or amber colour by transmitted lighl. 
orunge-red by rofieetod light. The alcoholic solution is fluorescent, like tincture uf 
turmeric ; the spectrum of the reflected light docs not show any alteration from the red 
cud to F, but t he bluts violet, and ultra-violet portions are replaced by a greyish green 
band, in which the lines 11, L, M, N, &e., are distinctly visible. By analysing this 
modified spectrum with a prism it was found to contjiiii very little red, and the hhie 
end had nearly disappeared. This secondary spectrum agrees very nearly with that 
of iirauium glass. 

Curcumiii begins to melt at IGd®, and is completely (lecomi)osed at a higher tempe- 
rature. It is very readily soluble in alcohol and ether, but these solvents cannot bo 
used for extracting it from turmeric, as tlie^' also di.ssf)lvo resinous matters. In Ijen- 
zeno it is vor 3 - little soluble (1 pirt in 2.000 parts), but as the resius are quite insolublo 
in this liquid, it may be used to obtain the pure compound. It is also slightly 
soluble in concentrated mineral acid.«, which, however, !ict on it. In alknlLs it dissolves 
with a bright reddish brown colour; acids precipitate from this solution the original 
substsinco ; calcium- and barium-salts produce reddish -brown precipitates. The Iciul- 
compound, w’liich has a bright red colour, is soluble in acetic aciil, and is slowly iK - 
composed by carbonic acid. The analyses of the. load-compotind did not give concoidnut 
results, but they make the formula C-"lT**PbO® probable. 

Hot dilutes nitric acid oxidisess curcumin U) oxalic acid. Sodium-amalgam docolnrisrs 
the alcoholic solution complctch\ Tlio colour reactions of pure curcumin are niudi 
purer than those of turmeric solution. They are best seen with curcumin mper, pre- 
mrod w'ith Swedi.sli filter-xmper fret*, from iimo. Alkalis change the yellow into a 
brownish red, which, after drying, assumes a violet tiugo; dilute acids restore tlio 
original yellow. A solution of boric acid produces a pure orange, ■which aj^pears only 
after drying ; if the papi!P lias been prtiviously dipped in a dilute acid, the coloration 
becomes darker, as dilute aci<la alone xirodiice a blackish tinge after drying. I'he orange 
colour is not ch.irigod by diluted acids, but dilute alkalis convert it into a blue, which 
soon changes into a tlirty grey. 

By acting on curcumin with boric acid and concontratod sulphuric acid, E. Sclilum- 
berger obtained a subsUi rice which he called ro.soeyanin, as its solution has tin; 
colour of a I'osaniline salt, and its metallic comiiouiids aro blue. Daubo has obbuncil 
the same results ■with pure curcumin. 

Xacliler {Deut. Chem. Ges. Her, iii. Tl**!) bedieves that he has obtained anthracene 
by treating impure yellow curcumin with zinc-ilu-st. The action of sodium-ainalgwa 
on curcumin gave rise to a number of resinous and Hyru 7 )y pro«lucts. 

By oxidation with chromic acid mixture, cunaimin is convert.od into teroplithahc 
acid (J. Gajevsky, Lent. Chem. Gcs. Bet', vi. lUfi). 


CYAlfAMCZSlS, CN-TI* (E. Mulder, Deul. Chtm. Gcs. Bcr. vi. 656). An ^ueous 
solution of this compound yields with amnnmicu*al silver nitrat.e a yellow procipihd^ 
which has the eompo.siliQn g", ,md i.s reconverted into cyanamidewhon suspended 
in water and decomptosed by sulphuretted liydrogen. From this Mulder 


tlie formula of cyanainido is, not N^C — ^NIP, 


as commonly supposed, but 


and he proposes to call it carbodiimide or cardimide. It is not easy lo 
however, why the simultaneous rcpiacomeiit of the two atoms of hydrogen by in 
cyraiiamido is moro ca.sily explained by the proiiosed formula than by tho ordipaiy 
Inasmuch as the two hydrogen -atoms are similarly placed in the latter as well «« 
the lormer. Mulder further points out that tlio proposed formula of cyanamide aflfojdfi 
oasy explanation of tho conversion of that compound into guanidine by the action o 
ammonia (Is^ 634): 




+ Nil* 


C ;:^NIP ; 


and into urea (regarded as carbamide) by the action of water; 
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CC + H^O = GO<f ; 

mIso of ii? polymerisation to dicyano-diamido : 

JIN=C=NH 

«= HN—C<C ^C=:NII 

lINrrC-Nn 

2 n^iiiuniiUlc. Dicyaiio-ilianiidc. 

Silvcr-cari>odii]ni<lc or argeiito-ryanamitlo is insoluble in water, slightly soluble in 
jimnioiiiM, soliiblo in dilute iiilric aci<l, and repredpitated by ammonia or potash. It is 
not decoin p<jsihI by boiling with potash, or by exposure to light. It undergoes no 
iliiiiigi: at but explodes at a higher temperature, with formation of cyanogen 

CN-Ag= - Ag= + N + CN. 

Cvaiianiide also gives a procipitiitc with animoiiiaenl enprie sulphato (Mulder). Tlie 
silver and copper coinpoiinds w'<n'o described in 1858 by JJeilstein a. (jfeutlior (ii. 

isa). 

Cvnnamide unites with almihic, forming a compound called alacreatine isomeric 
with croiiline (p. 31)11). It docs not combine with ethfl carhanuite {nrethuic) yA\QX\ 
lii iitcil with it either in tlie dry state or in .acpinons solution : Iu*nce it seems probable 
tlj.'ii in the formation of creatine from eyan.iinide and snreosino, tlie eyanamirlo unites 
with the carboxyl, and not with the amido-group (Ilaiiniann, Ann. Ch. Vharm. clxvii. 
77 ). 

CYANBENKVXiiilIKXra and CTAlTSEXrZYXiAMXXrS. »cu Bkmzylamixk 
(id*. 131,182). 

GTAKSTBnPKOSPBnrS, C''IPNP » P ^ C"IP. When an ethereal solu- 

[CN 

tlijii of pliosphinc is hojitod for some hours to 100® in a scaled tube with cyanoji^n 
I'hloritle, and the ether afterwartls distilled off, there remains a syrupy liquid which 
s .lidilics after a short time over sulphuric acid. This product rccrystallised severnl 
linicH from ether yields cyanethyl-pliosphino in coherent masses of rhombic plates, 
vliicli melt at 49®-50®, and dissolve in w’atcr, alcohol, and ether. When treated with 
' xiilising agents, it gives offalduhydo(DarmBtadter a. Hcnnigcr, Dent. Chem. Ges, Ber. 
iii. 170, -lOi). 

CYAirzC ACID. On the action of cyanic acid on chloral, .see Chloral (p. 310). 
Atvording to Ihibuteau a. Massul {Compt. rend. Ixxiv. 57), tho metallic cyanntos 
an; not poisonous ; they are converted into carbonates in the animal organism. 

Oa the Heat of Formation of Cyanates, see IIkat. 

Voiimium Cyanatc . — According to A. Paiinow {J)cut, Chem. Gcs. Bar. iv. 253 ; Chem, 
f/. [2j, ix. 391), a salt having the composition of jmtassium cyanatc, but difieriiig 
Iroiii it iu some of its properties, is formed by the action of potash on paracyanogen, 
Jilso ]iy heating tho ordiimy cyanate with iodide of cyanogen. It crystallises in 
laHJilli's, and its aqueous solution, heated for a long time with alkali, and then neu- 
Iriilised, gives with .silver nitrato a white precipitate, unaffected by light, and having 
die composition C-N^ilg. Tho reaction may, perhaps, bo expressed by the equation : 

.3CVi[0 = CO* + H20 + C*N»IT. 

[If this bo correct, the now salt is probably triimtassic cyanurate C*N*K*0*.] 

Caliours a. Cial {Bull, Soo. Chim. [2] xiv. 449) have studied tho action of potassium 
pyanaie and cyanic ethers on tho others of aromatic araido-acids, and have obtained 
roinpoujifJs analogous to thoso prepared by Griess and Mencliutkin (l^if Siippl. 318). 

10 prcpiro the.so compounds, an aqueous solution of potassium cyanate i.s griidually 
poiirod inta a warm solution of t he sulphate of tho acid ether ; tho separated oil, 
"'Inch soon solidifies in tho crystalline form, is mixed with water; and tho product is 
^^ stallisccl from alcohol or hot water. When an alcoholic cyanate is used, it is mixed 
'tall about its own volume of tho liquid or fused ether of tho amido-acid, and tho 

11 siilting crystals, after being pressed, are rccrystallised from alcohol or ether. 
Bicyanic .^Id, C*K*N*0 (Poensgen, Ann. Ch, Phami. cxxviii. 339).— Formed by 

^0 action of nitrous acid on cyanurea suspended iu waiter (p. 417) *• 

2C*K»N*0 + N*0» 2C*H«N*0» + H-0 + 2N* 

is slightly soluble jn cold, more soluble iii hot water, and cr)’’8tallises therefrom in 
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hanl, moHtly light yellow mouoclijiie prisms iu which, uccoriliiig to Carius, the anglo 
coP ; ooP in the diiKuliagoiiu) principiil Kcclioii is 79° 3(i', in the orthoiliagonal sec- 
tion, 100° 10'; OP: oc P in front - lOIJ® 30'; nnglo of iiicliiujcl axes = 68° 20'; 
ratio of ortliodiagoiial to cl i nodiagonal = 0'772 : 1. 'J’lns crystals contain 2C®ir-N-o) 
■ + 3II-0 ; t hey cfflonrscc v(‘ry quickly, .and givo up thoir wal(?r of erystalliaatiou even 
when boiled under water, hruni nitric acid, dicyanic acid crystallises unaltered iji 
long prisms, from hydi'ocliloric acid in given, shining s])aiigles. When heated, it is 
converted into cyanic acul at the same temperaUiro as cyaiiuric acid; hy boiling wit li 
alkalis, it is resolved into carl ionic acid and ammonia. 

Tlio metallic dicyanates a ro citlier neutral or acid; tlmse of the alkali -met'd s aro 
easily soluble in water; the animoniuiii salt is crysUilline and easily decomixisible. 
'riia barium salt (0'N-JlO")'i5a + Il'-O separates in monoclinic lamimE on Tiiixingihu 
ammonium salt with l)iU’yta-watcr ; it is also formed on heating oyanuroa withbariiini 
hydmito. 'I'ho acid and neutral silver salts C-N=HAgO- and C-’N*Ag-0‘- aro whito 
amorphous precipitates, insoluble in -vvati^r. Tho neutral salt, treated with etliyl 
iodide, yitdds a visciil ether having a jxiculiar odour. 

According to Jlallwaclis (Zeiisebr. f. CUem. vi. Sol), Pociisgen's dicyanic acid is 
nothing but cyaiiuric acid. It certainly agrees very closely therewith in many of its 
properLi(.‘s, especially in its (Tystalliiie form. (Tlie erystals of cyamiric acid are mono- 
clinic, having the angle coP : coP (cliiiod.) = 77° 13'; oP ; qo P — 99^^ 59'; ratio of 
ortho- to ciiiio-diagoiial 0 772 : 1 or 0-573 : 0781; see ii. 289). NeviTthdcss, 
tho existence of ainiilodicyanic acid and of JJofnianifs dicyanic ethers renders tiui 
existence of dicyanic iicid highly probable. The question, however, can only be de- 
cided by a more <'XJiet conijuiriHoii of the .salts of Poonsginvs acid with tho cyanuraUs. 

A m ido- d i Cl/ a n i c or 1) i c // a n a m i c a o i d, C -N^ll"0 = C'N- " (llallwaclis, 

Awk Ch. Vharnu cliii. 293). This acid wms oviginiilly obtained by boiling dicyiino- 
diamiile with a moderately dilu1<* solution of buryl.i (l.s/ Suppl. 618); part of it, how- 
ever, is resolved during the process into cyuiiaiiiido and cyanic acid. If a hot saturated 
solution of baryta or strong potash-ley boused, tlio products are melamine, cyanamido 
and cyanic acid, with only a small quantity of .nmidodicyanic acid. This acid may also 
ho prepared by direct combination of cyanamido CN-ll'* and cyanic acid ("NIIO. 'fbo 
iw'o bodies are mixed in aqueous solution in the proportion of 1 : 2 and left to stand for 
21 hours, or mixed dry and heated to C0° in a water- bat h. 

Tho./Vee acid, separated from tlio silver salt by hydrochloric acid, crystallises in 
groups of small crystals, or in spicular needles. It decomposes at 100°. Its aqueous 
solution has an nckl reaction, dissolves cuprou.s oxide and barium carbonate, is pre- 
cipitated by silver nitrate, and decomposed with eflbrvi-Fccnco by concentrated acids. 
Tho ammonium salt forms colourlcs.s nccdlo-shapcd ciystuls. Tho ywfcsjjiiwt salt 
( J'^N*lPKO is ea.sily .soluble in w-ater, and crystulliscs with difiiculty ; the sodium salt, 
C-N’^lI'NaO, resembles it. The silver sail, C“N“H.-AgO, obtained by precipitation from 
the potassium salt is awhile, amorphou.s powder, insoluble in water either hot or cold, 
sliglitly soluble in dilute nitric acid, easily solublo in aniTnonln. From hot dilute 
nitric acid it separates a.s a lieavy crysUilliuc powder ; from dilute ammonia, by spon- 
taneous evaporation, in small sliining ncedlos. When warm, moderately strong aqueous 
ammonia is saturated with the silver salt, the solution, on standing, deposits tabulijr 
crystals which give off uiiiinonia on exposure to the air. The copper salt^ (G*N*H*0)*Cu 

411*0, forms large sky-bluo crystals sparingly in cold, more easily w 
hot water. Tho aqueous solution, on boiling, deposits an insoluble ' dark green 
powder, having tho composition Cr-'N*IICuO + 2H®0, and easily soluble in minoral 
acids, the solution, on cooling, depositing the original blue salt. Both those copper- 
salts blacken at 10('°, and at a red hofit give ojff vapours containing copper. 
barium salt, (C*N*H*0)*Ba h- 3H*0, is a white racliato-crystallino mass, vciy solublo 
ill water, and cry.stallise.s from absolute alcohol in small cubic crystals. 

TrtoyMilo or Cyanurlc acid, C*N*H*0»,— — This acid, if presontinthe 
fre^ state and in any considerable quantity, is mostreadily detected by heatingthebigbly 
dried substance in a short narrow tube. Thn smell of tho vapour of cyanic acid 
thereby evolved is so cliaracteristic, that there is littlo room for doubt ns to presence 
or absence of cyanuric acid. To detect this add when in solution and present in 
exbromcly small quantity, advantage may bo taken of tho sparing solubility^ ot 
sodium cyaniirate- in hot concentrated soda-ley. The liquid to bo tested is placed m a 
watch-glass, mixed with strong soda-ley, and warmed for a moment, over a pointed 
flame. If cyanuric acid is j>resent, splendid delicate needles of trisodic 
C*N*Na*0® at once make their appearance, spreiiding from the point at which tn® 
flame is applied, and disaJipeariDg ageuiu as the liquid cools, provided tho’solutiOT 
not too strong. Tho formula of sodium cyanurate is C"N"Na"0* (HofmaoBi /^*' 

CW. Crcs. Bcr. iii. 601 ). 
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CYAinraxc BTBWB. Aromatic Iso-Cyak- 
atks* (Hotmail, 7 Voc. ]{ny, Soc. xix. 108). Isocj/anafe or Phcnylcar- 

hiinidr., y This siibstaiico, originally obtaijm.l l.y tlio ilry clml illation of 

iiRhinoximido op oxalyl-dipIienylgiianiMinc, find a ft orwn nls moro easily hy hoatirar 
,];,,1,onyl-carbami.lo M-itli phosphoric. inhydrido (Ist Suppf. 197 ), is also produced when 
M hylic plumyl-carbamato or pliciiyl-nrollmno (which Wilin a. AVischiii Imvo hit civ 
al.taiticd by lh(! achoii (,f cthyl-chloi*ocjirbona1 e on iinilinc. p. ‘2.V2) is distilled with 
phosphoric anhyavido, whereupon it splits up into phenyl cy.iriato and ethyl iilcohol. 

rXTTT,.,.,.-. 


fNTKOll') 
^ iOCHP 


( 


riK-nyl-urcthnne 


C=IP) 
][/ ’ 


Alcolml 


S 


riicny 1 - isocjnnnte 


The alcohol then aynniiiia behind, and the isocyanatn distils over as ii colourless lioiiid 
which iiiayho jmnfied by rectiric.nt ion. It has a very ].ningcnl, oilour, .'i speeilic gravitv 
et ] 0')2 at. 1 and boils at 103'^ (not. at 178® as formerly stateil). ^ ^ 

AV'itli watLT itymlds ejii'l.i.ri «lioxid(5 and diplnmylcarbatnicle ; it unites with alcohols 
t..riaiagim.thane.s; ami with aniim.iiia aiid its dtn-ivatiyes it form.s various cavbanndo.s 
rv aivas. Lilt, Its most chaiMcl eristic reaction is with triel.liyjphosphine. On dipinmr 
' '"to a. largo quantity of ihe isocyanate, it beimies 

vrcylmtaad quickly solidit.es to a mass of beantifiil eryst-d.s eoiisistin- of phenyl 
cy.iiMir.itn; it is riot, howiwer, yet decided wliich of ilie isomeric modi Heat ions of Miiit 
coiiipoiiiid IS hereby prodiieeil. 

Th.. isrH'y;„i,iU-s of toh//, ;iiul tinpM;/l, arc ..l.fcntiwl in like inanncr l.v .lis- 

tillnig the corresponding urctliane.s with idmsphoric anhydride. 

' Va/y/ Tsoci/nunto, N | , i.s a colourless liquid, hoi ling at IS.i®, and show- 

ing: in nil its propcTl ii^s the greatest resombhinco to the phunvl connioiind ; trielhvl- 
l-li' s])liiiie acts on it, however, inor<! slowly. " * ineuiu 

XyU,l l^ocaanalc, N is a colourl.^ss, bighly wfractivo H,i,.ia. boiling 

i!rrl!,' ''niy 11 feeble oilmir : it exhibits ro.netions siniil.iv to those 
"I ilic oUnT .■ir.mintic iseeya.iate.s, hut they ofU-n roquiw days for their .•on.pleli.nt. 

iiap/ithyl Ixoct/awate, N is a colourless, not very inohilo liquid, boil- 

ordinary temperature it is .almost odourless, liiit its 

Willi';,, . ’/I' characteristic reaetious of th.'it el.TS.s of hodit's, aiul acta 

I'Hdictii iiTv'sliI v/ and precision than the xyjyl compound. This is 

lir n.iniith'ld si n/Jitn Incthylphosphino, Mhich causes the isoeyanato of 

n.ipiuiiyi si-riL-s to solidity almost imstantaiieously. 

Isoaicanlo Ethers. (Hofmann. J)aU. Chen, Ges. Per, iv. 246). 

isocyanuric eniers. The 

■■'^■ViTOl illL ’ : , ^ only one yet obtained, is formed 

i^‘')iy;„Le Ti i « T trieldiylphosphinc is let fall into liquid phenyl 

l-hitis substaiico in very tliiii heauliful iridiscent 

Ji'^f^uislmrr ‘''t 175® and is tlieroby dis- 

'"■■its at -uiS p ijjocyainirato (for winch it Avns formerly mistaken), which 
"'“iffht cannot bo w.l^ch melts nt 224®. Its molecular 

•■'•ftrfd, hut is convm-tnd 8”‘C0 it does not volatilise nn- 

' '•.T.aflepstand?^' firi, T pl'onyl isocynnntc, which, Ikjw- 

■‘f ‘lie liniiul' isnpv®..^», “ n" '■•"mplctely that not the faintest smell 

''"••illqiimStirj' r r™-'""®- apix-nrs to ho dno to the preseneo of 

f-W. aL direct a tho i 'ind, in 

Tliomoleoulnrw!.-ii^ of crystals to the liquid induces partial solidification. 

'filli alcohol be determined hy its behaviour 

n attempting to dissolro the crystals in boiling ulcohol, p.irt remains 

fi!SS'r"» r'*'"-. *" X’»t"icl given in the n/- ,hi Vhxmiml 

Ci'iuiic OTi'il kiintlon, liowoei, i« ouiitrary to aiialoflrj ; the alcuholic ilorivntl veil ef 

oirljiuii' ’ ' ® *' *^*‘0 ummoiiift type, are cat bitnitles or isocffauafeM, aiiaTogtni.s to the 

^*»e I C [ nro those which are prothicea 

<^ynnogeu cblovMo on the Kotlium-alcohoU (see IV Supplement ^ pp. .lltt, ,, 
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for liours unclissolvetl in tlio boiling liqiiifl, howovor great an excess of alcohol niay be 
used. iSuddculy, hoAvovcr, the liquid becomes clear, and if then left to cool dupobita 
slender needles, which may be purified by one rccrystnllisatioii from boiling alcobi»l. 
The crystals thus ol>tHiiied arc slightly soluble in ether, insoluble in water, and diffi r 
fnjm the original body, not only by their form and their solubility in alcohol, but 
likewise by their lower nielting point (1)8®). The analysis of t hese crystiils leads lu 
the formula which is that of tho ethylic other of diplienylallophanic acid, 

containing the edemonts of 2 mols. idionyl cyanato and 1 ninl. ethyl alcohol. It inay^ 
therefore, be assumed with great probability that tho polymeric cyanato is a dicyanato, 
and that tJio crystfillino compound just mentioned is formed by combination of 1 mol. 
of this dicyanato Avilh 1 mol. alcohol: 

C'^II'"NW -\- O-IT’O = 


Tho isodicyanate, indeed, I'l^acts with alcohols just like tlio iinpolymerisod cyanato, 
which likowiso takes up 1 mol. alcohol to form urethane. In AvhatcA'cr way, tlierefcrp, 
Ave may suppose tlio (dements of the dicyanato to be groiiX)ed, it is clear tliat it is 
related to the original liquid cyanato in the same manner as Liebig a. Wdhlcr\s ethyl 
nlloplianate to cyanic acid. 


ClINO .... 
OTrNO= CHNO.C^Il^O 

G-ir"N“’02= 2CHNO 

2CHN0.C*il«0 


Cyanic acid. 

ITivthano. 

jTavo mol. of eyanic aciil. or 
( one mol. of dicyaiiic acid. 
Allophanatc of ethyl, 


C(C«]P.)NO 

C^H-(C4l-0NO- = C(C«ll-*)NO.C-JT«0 
(r-(C“H7-*X-0* 2IC(C«H“)N0| . 

C'll«(C«U»)'^N-0=‘ - 2{G(C«Il-)NO}.C-H«() . 


Phenyl cyan.-ito. 
Phenylurethano. 

PI lenyldicyamitc. 
Diphenylallophanic otlior. 


Tho JdiphenylHlloplianic ether splits up, on distillation, into alcohol and phonyl 
isodicyanate, tho latter being almost entirely couA'crted into tlio simpio isocyanate. 

'Meihyllv Diphenylallophmiai-e^ 2C(C‘MP)NO.CnH), easily obtained pure by dissolvin" 
phenyl isodicyanate in mothylic alcohol and rccrystallising from alcohol, forms difficultly 
Bolublo needles, which molt at 231®, or 133° liighcr than tho corresponding ethyl 
comix)iind. 

Amylic DipheTiylallophanatet 2C(C“IP)N0.C*II’'*0, obtained by dissolving the iso- 
dicyanato in amylic alcohol, fonns colourless and scentless crystals insoluble in Aviihr, 
i?asily soluble in etlier and alcoliol, and melting at 58®. This compound often remains 
fluid for a long time. 

Sulphuretted Amyik DlphenylalhpJtanate, 2C(C“IP)NO.C®H*®S. — The isodicyan.nto 
unites Avitli mercapb'ins as Avell as with alcohols. Hoated Avilli amylic mercaptan for 
.some hours to 160° it dissolves, and tho mixture gradually solidifies to a white 
crystalliiio mass which, when recrystalliscd from alcohol or ether, yields the sulphu- 
retted ether in colourlcs.s and scentless noodles, which are insoluble in water and melt 
at 70®. 


Action of Thcnol on Thenylic isodicyanate, — These two substances acton one another 
at 150®, but tho iiroduct does not consi.st of phenylic diphonylallophannte. On 
ingthe isodicyanate with excess of phenol in ethereal sohition for some hours, needlws 
are jiroductd which are slightly soluble in -water, easily in alcohol, molt in contac 
with boiling Avat-er and in tho dry state at' 122®. These crystals consist of phenyL^ 
phonylcarbamato : 

fH(iD-lP) 

C'’'H"NO- = N»J(00)" or CO 


5NH(C»H*). 

jOC“H» 


obviou.sly produced by the .splitting up of tho isodicyanate into 2 mol. of isocyanate 
which then unite with 2 mol. of phenol: 


C"H*''X-0- + 2C«H*0 =** 2C*’'H"NO*. 


The same result is obtained when only 1 mol. phenol is heated with 1 mol. of 
dicyanato, half of tho latter then reappearing ns free phenyl isodicyanate 


phenylic diphen^lallophanate being formed. The phenyl fc ^ ^ 

in the manner just described tagrees exactly with that whicli is obtained 
tho action of phenylic isocyanate on phenol. , iflactitW 

The molecular weight of phenylic isodicyanate is fiirtlior corroborated by 
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witli ammoHiii. Just us n, molecule of alcohol, by tuiiting with 1 or 2 luols. of ly^anic. 
arid, yields respectively uretluinc or othyl allopliarmto, so docs ammonia by c uubining 
ffil li 1 or 2 mols. cyanic acidyicld uro.a or bitirct. Jf, tlioii, the polymerisatioji ofthi^ cyanato 
j]i tiji: c;jso under consideration consists in the union of two molecules of cyaiiato into 
oiir, the resulting? dieyanato will, by unitinp; with nniinonia and 1 lio various aminos, givo 
lisi- to fill oikIIcss sorics of alcoholic biurets. Thus, with nnimoiiia, it give^ rise to 
(lii.licnvl-hiurct : 

C-(C«IP)=N-0- + IPN = C-^(0«1I»)-TPN"0- ; 

and, with aniline, to triphonyl-hinret : 

+ c«iiMr-\v s C'(c«ip)*ir-N’’o* 

Tor the description of these eompounds soo JIiumet (p, 193). 

CyanurtC Stben* Of tho.«io ethers there are two modifications, viz. 

Normal Oyanurates 

Isocyaiiurales, or C^irho-friaiiiidcs . . • 

The isocyaiiurates, discovered hy Wiirte in 1848, arc formeil hy distilling a mixture of 
pfitassium cyanato or cy.amiralo with pitassiuni melliyl.sidphate, othylsulpliate, &c., or 
liy Ju-ating silver ryanate wdtli tlio iodide of an ulcoliol-rfidicle (ii. 292). The nopimil 
I'yaiiiiralcs fU’o prtfiluced by’ tli(‘ action of cyanogen chloritle on the sodium alcohols, &:»■. 
Clei z, in lSa7. I>y act iiig on .sodium elhyjfito with ga.sotms cyanogen chloride, obtaimal 
a coiMjioiiud isomeric with cthvi cyanale, which ho called cyanetholiue. Sub- 
.Kriiii ntly, in 18GG, ho obtjiiiied the corresponding uiothyl-compoiind, though in an 
state, and sliowod that, both these compoiiuds are i*(!SoIv(mI by heating wiili 
pi'tash. iiitoiuelhyl oretJiyl alci)liol,and cyamiric acid. JI. Cal also found {Compt. rend. 
J.\i. rj27) that cyjiiiethoHiic, treated w ith gfiscous hydrocliloric or hydrobroiuic ficid, 
yii Ills cyaruiric acid ;iud chloriilo or bromide of ethyl. Noverthele.SsS, Iho.so compounds 
rc regarded both by (^locz and by Cal as noriual cyiiuic ethers, CNOIt (l.s-/ Siippl. 
alii), find their true molecular weight was lirsb estfibJisheil hy irofmaim a. Olsliaiism 
[Proc. /iV;y. iSve. xviii. 4,93), who obtuiued the mctliyl and plienvl comnoumls in the 
IJIU'C state. 1 . 


Methyl CyanuratCy C-* gaseous cyanogen 

cliloriilc is passed into a dilute solution of .sodium niothylato in methyl filcohol t ill the 
liijuiil suiulls strongly of it, sodinmchloridc sepj»rjitc.s out, and after the methyl alcohol has 
brrn di.'itillccl off' 1 hero remains abnavn oil M'ljich often rotfiins the' liquid form for .a long 
lime, hut ultimately solidifios. iSomotinies, again, little or no oil is formed, bur on 
jlislilliiig off' the methyl alcohol, there remains a brown erysUillino mass which may 
hf* puritii d by recry.staiiisatioii from hot water, and trofitment with animal ch!irco;ir, 
I rciii tjie purified mass ether extr.acts the methyl cyanur.itc, leaving iindissolyod 
nionihie tablets consisting of dimefhylic Jiniidocyauate, 

Mi Mjyl cy:iiiuratf! cry.stallises from alcohol, or bettor from hot water, in .slender 
ntoijlfs, inolts fit 132®. boils between 160® and 170®, but appears to be cotn^ertod, by 
distillation, into the isocyanurato, which molts at feeforo distillation it is re* 

wdyetl, by hentirig with potash, into cy’anuric acid tiiid methyl alcohol ; but after clis- 
tulalion into carbon dioxide and methylamine. ^ 


n-. , , . • fO(W 

^^yMtnyl Amidocyetnurafey C*TPN^O= = C*N*- OCH’, is forinccl, together wdth several 

( 1 hy the .action of ammonia on methyl cyanurat o, but is more easily 
fi secondary product in the preparation of the cyanurato, constituting in 

i'll* ] rborabic tables above mentioned. It cryst.allises from hot w'ater in beautiful 
at 212®, dissolve sparingly in cold water and cold alcohol, 
ilii- in.solublo in ether. Silver nitrate added to its sohition in nitric acid 

ows dtnvn the silver salt 0*^11 WO* AgXO®, which cryslnllises in beautiful needles, 
'il'tiii ^!^*^**”^*^ '*^°* *-^^ impure methyl aleohol, CIocz onco 

fissio-"*^ .1 substance, which lie calle<l mcthylantdin^ and to wdiich ho 

J^omposition of dhiiethyl-aVantdin C^JP^N'O* (i.«^ Snppl. 520). Hofmann, 
( v m^ • Ixxi. 3.5) suggests tliat tJiitJ sub.stanco was probablv a niixturo of methyl 
'M"urato„.Kldimot!,ylRmidocyaiiunito. ‘ ' 

C*N*(OC*lP)“, Ims not lice n obtained in tlio pure state. The 
Clooz-^n **^**^^^^*^.^ goes on in the manner described by 

Of r liquid deposits variable mixtures of crystals consisting essentially 

‘tnyiic ethers of amido- and diamido-cyanuric acids. 
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Diethyl Amidocyanumtc^ 


OC-Il“ 

O0*lP, is ol. tiiiiied from the crude crystals by tpoat- 


incnt "witli ftniiruil charcoal, and repeuxtod cry^^t-'dlisatiori from water, in dolicuto whito 
prisms, whicli melt at 1)7° and are soluble in alcohol and ether. It i.s also produced 
wlieii crude cyant^tholiiK* is lieal ed for some lion rs in a sealed tubo with aquoous ammonia 
Willi silver nitrate, it forms tho two compouiuls, 2Cm‘"N'0’.AgN0^ and CTI''-K^0=' 
AgXO'. 

Ethyl Di(imh2ocyannrate,C^^^}^l\:‘ , separates from a solution of tho 2u*ccodii]g 

compound mixed with strong uquooiis ammonin, after .standing for some time, in whito 
crystals, melting between 11)0° anti 200® very slightly solnblo in alcohol. ’With silver 
nitrate it forms a compound which ciy.^tallist^H in sltnuler needles. 

Tho ronipo.sition of theso amidated ethers shows clearly that the compounds formed 
bv the action of cyanogon chloride on the sodium alcohols, are really cyauiirates and 
not cyamite-s. 

Amyl The product of tho action of cj'anogon chloride on sodium 

amylate, rcseiiildes C 3 ’anetlioline. It distils at 200°, ap^wircnll v with deeompo.sition. 

Phenyl 6’^rtwwr«^r.-* C*N®(OC®IP)*. Cx'anogen clilorido acts on ]dn‘nol. forming' 
an oil wliicli at lirst yields ^dienol hy distillation; the latter portitms of tlio distillati^ 
Innviwisp. solidify, and on leaving the wliole to cool, washing tho residue of the distil- 
Jalion with alcohol, and cr^^stiilli-sing from a largo quantity of Init alcohol, the plmiiyl 
cyaiiiiralo is obtained in long slender needles, moiling at 224'^*, near!}' insoluble in 
water and ether, soluble in benzene. 


CTiLiyrZSB of BYDBOOBir. Tho formation of this compound by tho dinct' 
union of acetj’lone and nitrogen (1.?^ Sitpjd. 3ii, 520), may l)o easily demonstrated bv 
taking a«lvanliige of tIl(^ property of nearly all hv<lroe^'irl»on.s 1»> yield acetylene when 
a series of electric spark.^j is passed thi'oiigh llioir vapours. On jmssing nitrogen into 
benzene, exposing the gas charged with tiie hydro-carbon to tin; action of tho electric 
siiark, and^ then passing it into silver iiitmte, tho formation of hj'drocyanic acid 
becomes evident in a fow' seconds. The same result is obtaiiiod when tlio spark is 
liasscd tlirougli ii mixture of ammonia gas and cthcr-vapoiir, not. liowcver, when 
iiiirogen is used instead of ammonia, although acetylene is formed in this case also 
(Perkin, C/iem. News, xxi. 66). 

Formation from Nitro‘Comp(rmids. — Tlio formation of liydrocyanic acid from picric 
acid by the action of baryta-water, was pointed out by Wohler in 1828. The saino 
result is oldaiiicd with caustic pot ash -solution. Diiiitrobonzorio is also docompojied 
with production of hj’droc^'Miiic acid, by boiling -with aqueous potash or soda, and 
inoiionitrobenzcnc; is similarly acti^d upon by the alkaline hydrates in tho state of 
fusion (Post and Hiibnor, Ihnl. Chem. Gvs. Jkr, v. 408). 

Ilespecting the quantities of heat evolved or absorbed in the formation and de- 
composition of hj’drogen cyanide, .sco Heat. 

Spontaneous decom^sition of Aqiinaus Hydrocyanic acid. — A quantity of aqueous 
hydrocj'anic achl having been left in a ghiss cylinder merely covered with a funnel 
and a glass plate, till tlie liquid had ovaporatccl, a solid residue .yva.s found at tho 
bottom, consisting partly of brown amorplious matter, partly of yellowish crystals, 
which in form, taste, reaction with mercuric nitrate, mercuric chloride and potash, &f., 
exhibited all the characters of urea (Camxmni, Gazccita ckimica italtana^ i. 472). 

Action of Chlorine. — Wurtz, by passing chlorine into diluto hydrocyanic achl, 
obtained a product which lie regarued as a liydrocyanido of cyanogen chloride 2CNCi. 
CNJf (ii. 218). Accorfling to Naumann a. Vogt, however (DeuL Chem. Crcs. Ber. 
iii. 623), this product is not a dcfinito compound, but only a mixture of cvani^en 
chloride and hydrogen cyanide. This coiichision is inferred from tho vapour-doMitioj 
of a product pireparod according to 'NS'^urtz^s directions, and containing a quantity o 
chlorine (45*4 p.c.) nearly corresponding w’iththe formula 2CNC1.CNH. Theobae^ 
vapour-densities were 1-6.3 at 0°, 1 '66 at 12\ 1*64 at 16°, and 1-C7 at 100°. Tlje 
mixture above-mentioned requires PC 7; a mixture prepared exactly according to the 
formula would require 1-73 ; the. chemical compound recjuires 6*18. 

Stenhouse described a crystalline compound C^II^Cl-N-O*, obtained by 
chlorine gas into a mixture of sti-ong aqueous hydrocyanic acid andalcohoh 
alcoholic solution of iiiercuric cyanide (ii. 218). fl. Hischoff, on tlio other ha nd 
Ch*‘W: Gee. Her, iii. 766 ; v. 80), find.s that the diclilorinatod compound is 
i n tho latter case only, but that when chlorino is passed into a mixture of 
and alcohol, tho product mostly consisi s of the monoclilori noted compound 
This latter closely resembles iSteiiliouhc’s compound. It crystallises in ■ 7 
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lojigor riuJ Hofl/Cr tJian those of the (lielih^rinatoil eunipoinid ; melts at 147° ; 

dissolves easily in ether and alcohol, also in warm nitric acid, from Ailiich it is pre- 
cipitated by water. It is insoluble in hydrochloric acid; sidphnric acid dissolves it, 
wiih evolution of heat, foriniri" a yellow solution, and on heating this liquid, tho 
compound is broken up, alcohol and earhoti dioxide Ijcing eliminated, with siinul- 
1 ani ous formation of ammonium sulphato and sulphur dioxide. Potash, soda, and 
Imryla, likewise resolve tho compound, when heated wilii it, into alcoliol, carbon 
dioxide, and ammonia. Heated to loO" with alcoholic ammoj>ia, it yiedds a mixture 
f.i'fQ-ioinic bases not yet investigated. Higostnd Avitb hydmcliloric acid for 24 hours 
at 100°, it forms ethyl chloride and carbon dioxide, which ese.'qx' on opening the tubes, 
;unl glycolic clilopliydrin and other glycol-componiids, whicJi remain dissolved in tha 
aqueous liydi-ocliloric acid. 

TJu so mo<Ii‘S of decomposition suggest the following view of the formation of the 
compound. 

Jt is well known tliJifc chlorinated acetals are formed by t lie aeiion of clilorino on 
;:(|iio(jiis alcohol, and that urethane is produced by cyanogen chloridu under similar 
l iiviunslaiices, so that when botli reactions take place simiiKaneoiisly, compounds are 
formed in which tho chlorethylidcjio group is combined with the iirethano residue in 
place of the alcoliol residue (ethoxyl) iu chloriuatod acetal, namely — 

.HN.CO.C'IPO JTN.CO.C-H-0 

011-Cl.ClIC ,andCIICr“.Cll<' 

"^HN.CO.C^H^O ]TN.C0.(m*O 

Tills view readily accounts for the splitting up of the cliloriinited compound into 
iilcohol, carhoiiio acid, and ainmouia, and also for tho formation of glycol-compounds. 
Till! Ill tcmjUs to obtain the corresponding compounds in other series were fniitlcss, 
l iilorimitcd acetoiu-s and inetliyl-ucolhaiu; being obtained with methyl alcohol, whilst 
iiinyl idcolinl yieldeil amyl urethane. 

\Vlu’M a .“light excess of hrmuine is added to an alcoholic solatioii of hydrocyanic 
ii Mil the mixture is gently houtod, a violent reaction ensues, cyanogen liromido 
vijl.ililising, and ammonium bromide separating fi*om the solution. On addition of 
u.ili r, an oil separates, wliicli consists chicily of a solution of tho l)romine-compound 
iii ctliyl brninide, and leaves the former on being allowi^l to evaporate spontaneously. 
hi.scJii'ilVoidy onen obtainnd the monobroniiiiatcd compound whicli inells 
.'it 142°, and crystallises in larger needles Ilian tlie easily prepared dibronnnated 
|■l'lllpolnl(l. The dibroininated compound C"IP*J»i‘-N*0* melts at 110^-116'^, and 
cryKt.allises fiinn ether in long needles. 

alcohol, and liydiaM-yanic acid gave a negativo result, as did also tho digc'Stion 
of tlu) broniine-conipouud with ]K)tas.siuni iodide. Neither the chlorine- nor tho 
hromiiic-coinpound is altered hy tluv action of iiiiscont hydrogen. 

On tho reaction of hydrocyanic sicid with CMoral and Crotonic Cldand, sco pp. 31(), 

•ion. 

On the detection of hydrocyanic .acid, see Almex {Chem. Ceuir. 1872, 442; Chrm, 
J. [2], xi. !)3). 

3Pol jmeride of Hydroeyanlo aold. When n iiiixturo of equal parts of auhy- 
ilroies hydrogen cyanide and epichlorhydrin is heated in scaled tubes for a Ibrtnigbt 
to 40°-G()°, ii solid body is formed, which, after treatment with ether and rocrystalli- 
siition from water and alcohol, is obtained in reddish-brown crystals, tlio analysis of 
'vliich li;is not given concordant result:*. Treated with baryta-water, it yields ammo- 
nia, barium carbonate, and a crystalline body Laving tbo composition and properties 

glycoeine, whence it may bo inferred that the original substance is a polynieride of 
hydrofivanic acid : 

+ BaCOH)'' + 3IPO = + BaCO’ + 2NU=’ 

(0. Lange, J)eut. Chem. Ges, Ber. vi. 99). 

.^T^*^*®*®* AlCOKOXiXO. See tho several radicles, Allyl, Methyl, Pko- 
fYi., Ethylene, Naphthalene, &c. 

1 IttaTAMXC. Wcsolsky CJmm. [2] vii. 61) prepares 

j ouhlo cyanides, containing barium, the platinum compouud.s, for example, 
'i pjissing a stream of gaseous hydrogen cyanide through n mixture of barium 
'll' 'onato and a salt of another metal : e.g. 

Ml* + 2BaCO. + 4nCy = KvCy’.PtCy’ + BnCl* + 2CO' + 2H»0 
IIU* + sfiaCO’ + lECy = I{iiC)*.;i?tCy’ + 2Bi>Cl= + 2U*0 + 3CO» +0. 

la this iiiagn«r the folloving salts have heon obtained ; — 
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1. Barium-silver cyanide, BiiCy-.2AgCy + H=0, This salt, prepared from 
bariiim carbonate and silver carbonate, forms warty crystalline masses, whidi lose tlieir 
water at 100°. 2. Barium-^inc cyanide, BaCy-.ZjiCy- + 211-0, obtained 

barium carbonate and zinc sulphate, forms largo colourless crystals easily decomposed 
by exposure to the air. 3. Barium-'paUadimn. cyanide, IJaOy-.rdCy® + 411-0. 
Q'liis salt, already descriljcd by Itosslor (Is^ Supjil. 536), is formed from barinm 
carbonate and palladium cyanide. 4. Barimn-nicJccl cyanide, IlaCy^.NiCy- + 
3H-0. This well-known salt was prepared by the above-described motliod from nickel 
sulphate. 5. Uario-cuiyi'ous cyanide, BaCy-.Cii-Cy" + 11-0, prepared in like numner, 
forms largo colourless crystals, which aro decomposed by exposure to the air. A hhU 
crystallising in tine needles is obtained from the mother-liquors. 6. Barium-cad miinn. 
cyanide, 2BaCy-.3CdOy- -f- lOll-O, obtained from cadmium sulphato, crystallises 
W'oll, but is very readily decoinposod. 

On tho Cobaiticyaiiidcs prepared in like manner, sec l.s^ Sappl, 5t3C. 

l*eiTOoyanldeB (Wyrouboff, Ann. Chhn. Bhys. [4], xvi. 280; xxi. 271). Thobalta 
were generally prepared by saturating hydrofcrroeyanic aci<l wdth the other corre- 
sponding oxides or carbonates. To obtain tlio easily soluble salts in distinct crystals 
the crystallising vessel containing tho warm concentrated solution was covered with a 
sheet of lilteriiig paper, and this with a largo glass plate, which was turned round as 
soon as its lower surface became covered with drops of w'atcr, this treatment Loiiig 
rcp<*af;cd five or six times, without shaking the vessel. 

Potassium Fcrrocyanide, K^FeCy* + 3H®0, is usually regarded as belonging 
to the. quadratic .system (Li. 239). Wyrouboff finds, however, that- small, perfectly 
transparent ciystals wliich separate from a solution of tlio salt niixi’d with nentriil 
potas.siiim chromate belong to the monoelinic sy'stera, having the axial ratio a\h\c 
= O- lOl : ] : 0*395, and the angle ac 89*27^. Under the microscope, these crystals 
appear optically biaxial ; the apparent monoaxial character of the ordinary crystals of 
the salt is attributed by Wyrouboff to the superposition of lamelhe, in which tho plane 
of llio optic axis of one lamella is pcrpcndicuhir to that of tho next. 

When pota-ssium ferrocyanido is h»oiled with sal-ammoniac, the following reaction 
tiikcs place (?) : 

2J\VFcCy« 8NH<C1 -h 3ir-'0 = 6NH‘Cy + lVCy«.3H“0 + 8KC1 + 2NHb 

Tlio f<Tric cyanide, Fe-Cy*.3ir-0, is said to be precipitated as an extremely fine green 
powder, wdiicli docs not alter w'lion dried at 100®. The same green powder is said also to 
be frequently produced from the ferrocyanides of the earthy-alkali metals when they are 
exposed to tin', air, liydr<K*.yauic being liberated at the same time. Tho crystals under 
thc.^o circumstances acquire a green colour and become yellow again, only after two 
recrystfillisations. 

A double salt of potassium ferrocyanido with the nitrates of potassium and sodium, 
having the composition K^FeCy®.2NaNO*.2KNO* or li.'''Na-FDCy®.4KNO*,.is described 
by C. A. Martius (»/. pr. Ghcm. xcvii. 502), as sometimes septirating from the mother- 
li(piors of saltpetre in tho preparation of which waste potash-salts from tho manulac- 
tiirc of yellow pnissiato have been used ; also as formed when a boiling^ solution of 
tho nitrates of potassium and sodium is mixed with potassium ferrocyanido, and tho 
mother- liquor wliicli remains after the greater part of the potassium nitrate has ciy's- 
tallisod out, is left to evaporate gradually. It is easily soluble in water, and separates 
therefrom in large, well-defined crystals of tho hexagonal system, which exhibit the 
faces of several rhombohedrons in combination with tho basal end-face (OB ■ ® “ 
135° 15') and acquire a tabular form from predominance of tho end-face. The crysbus 
are light yellow', liard, brittle, and yield a white powder. When exposed for 
time to light, they become covered witli a greenish coating, and when shaken or 
in tho dark they shine with a faint, greenish light. They decrepitate when slight y 
heated, and detonate at a higher temperature, almost as strongly as 
Wyrouboff did not succeed in preparing this double salt, and therefore assumes tn 
it is a mere mixture. 

Sodium Fcrrocyanide, Na^FeCy® -i- 12H“0, which is less soluble than the 
sium Siilt, may bo prepared by double decomposition of the latter with any sfll 
sodium. 

Lithium Ferrocyanide, Li®FoCy® + 911*0, is extremely deliquescent* ana tn 
fore its amount of water is difficult to determine. . . . ^ 

LUHnm-ammonium Fcrrocyanide, Li*(NH^)*Fo(^® + 3H*0, is prepared by 
equivalent pi*oportioiis of the ferrocyanides of lithium and ammonium 
leaving tho solution, which is decomposed by heat, to evaporate in fho 

crystals, which aro never very well dcfinc<l, are identical in form witli tnoBO 9 
follow'ing salt. 



CYANIDES. 


413 

JAlhiim-poiassium Ferrocyanidet Li^K^FeCy® + SH-'O, is prepared "by treating 
commercial Prussian blue— which generally contains potassiuin fciTOcyanido — with 
c v«sti<' lithia, concentrating the solution to a syrup, ana then leaving it to evaporate 
ovoi’ oil of vil riol. The motlier-liquors, wliich contain pure litliiiiin salt, yield a further 
auiiiitity (»f the double salt on addition of potassium ferrocyanido. The salt dissolves 
in jiboiit 1 i part of water at ordinary tomporaturos, gives off 2 mols. water at 100®, and 
tb(* rest at 2o0®. whoii also it begins to decompose. The cry.stals aro inonoclinic. 
Axpsfl :b:c = l'3o3 : 1 : 1-516. Anglo ic =. 66° 18'. 

Jiubidiii Jit Ferrocyanidct RbH'oCy’® + 2H.-0, is isomorplion.s with the following 
salt, and dis.solvcs .at ordijiary tonipcr.'itnr(‘s in less than its ow^n weight of w'atcr. 

Ferroeya n ide, TPFcCy" + 2H*0, m.ay be prepared by double decompo- 
sition, and ohl.:iined by slow c(joling, in smiill highly lustrous crystals of Iho triclinic 
system, having the axes a : h : c - 1*2562 1 1 : 1-05-17 ; and the axial. angles b c — 
89^23''; ac = 80°21'; aA - 76^20'. 

Ilarium Ferrocyaiiidcy B.a*FeCy® + 611*0, prepared by double decomposition 
with potassium fcrrocyaiiide, and a largo excess of a barium salt, requires for solution 
.il-oiit 1,000 p.'irts water .at 15°, and 100 p:irts at 75°. Crystals inonoclinic I a : b I 
= 1 ; 1001 7 : O-Oih'JG. Anglo be — 72°18'. 

Mriit/n.-potnJisiHui Ferroiyauidr, IlaK-FeCy'’ + 511*0, wliich crystfillises in the 
liexagounl system, is regarded by Wyrouboff*, as identical with the double salt pre- 
|Kii-od some years ago by Bunsen, although tlie latter foiiml it to contain only 3 niols. 
water (ii. 221). 

Calcurm Fcrrocyanide, Ca-FoCy® + 1211*0, projiarcd by saturating f(‘rro- 
jinissif aci«l witli calcium earbon.ib?. dissolves in 0*66 pt. waiter at 00°, ;ind crystallises 
fusily and well in a vacuum ; nevertheless tlio crystals effloresce at 25°-30°, sind givo 
I’tVll 1 mols. water .'it 100°, the rest only wiicii they begin to decompose. Tricliiiic. 
Axiiirraliu, « : A : e - 1'2524 ; 1 ; 0-5435. Angle he 77°12'; ae = 75°32' ; « A = 

Cnhlwii’Sodium Ferrocyanidc^ CjiNa-FcCy®, is difficult to prepare, ami has been ob- 
biiiifil only in small quantity. When a solution of tho calcium and sodium salts in 
equivnlent proportions is left, to ovaixirate, it first deposits a l.irgo quantity of the 
Sf)(lium .‘Salt, after which .a crust forms, made up of small, very regular quadratic 
irystiils, consisting of tho double salt conbaininatod with calcium fcrrocy.anule. Tho 
crystals aro square }irisms, approaching veiy closely to tho cube, if they aro not 
JU'tiial cubes. Tlicir relation to polarised light-, however, shows that they have :i very 
foniplcx structure, being made mi of four, or oven a larger number of separate crysfcils 
of various sizes. 

Hirontium Feri'O cyanide^ fk-VeOy* + loH-O, prepired like tho Ciilcium salt, 
is oxtriJinely soluble in -W'utcr, and crystallises from a hot solution cooled to 8° or 10° 
i» very fi no monocliiiic crystals, having the .axes a',h\c= 1-645 III I’OGl, and 
tlio angle Ac =-• 58°24'. By dissolving this salt in water containing litliiuin forro- 
lyanirlc, and leaving tho solution to evaporate in n vacuum over oil of vitriol, a 
8-liydr.'itc'cl salt, Sr-J'VCy“ + 8H*0 is obtained in tricliiiic crystals, h.aving the axes 
« : 0 ; C s 0-6753 ; 1 ; 0*2520 ; .and tho .angles be ^ 84°42’; « c = 88°34'; ab ^ 

iS/rontimi-potasswm FfrrocyamdCy Sr-K'^FcCy® + 3H®0, may bo prepared like tho 
lithio-pi)t.assic 6.alt ; but the solution must bo left to evaporate spontaneously, .as when 
lioatcd, it deposits tho anhydrous double 8.alt in tho form of a white powder. Tho 
li.vdratod salt is slightly soluble in alcohol, begins to givo off water at 100°, loses IJ 
uiol. at 110°, and tho rest when it begins to decompose. The crystals, which are not 
^■<’ry distinct, are inonoclinic. Axes a ; A : c = 0’64487 • 1 ' 0*8944, Anglo Ac — 

37012 '. 

f^fronfiim-calcitim Ferrocyanidc^ fcJrCuFcCy® + lOlI-O, is prepared by direct union 
^nho constituent salts. Tho solution, evaporated in a vacuum, yields largo crystals 
Winch giro off part of tJioir water at ordin.ary toniperalures .nnd tho whole at 80°. 

* dissolves very e.'isily in about a third of its weight of water. Trielinic. a ; A I 
<*‘3 o 34 : 1 : 0*3423. Angle her. 80°18'; ac ^ 77°9'; «A «= 82°34'. 

(Cobalt Ferrocyanide, An ammoniacal solution of cobalt nitr.nfo forms with 
j^b'issium ferrocyanide a precipitate of .a fine green colour, which, on .addition of a 
®3cccss of ammonia, is converted into a rose-rod crystalline powder, Co-FeCy®. 
-Njia 4 . yH= 0 , wliich gradually changes to a brown mass, almost wholly soluble in 
1 ■when treated witli a largo quantity of water, is immediately convei-tetl into 
ur- ™ Srocn substance having the composition Co'‘FeCy®. 8 N]I® + lOH’-O (F. Curda, 

Cop2)cr Ferrocyanide, According to Reindcl (J, pr, 166), the so- 
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called * Uatchett’ti Brown * produced by tlio reactiou of potassium ferrQCyanido 
with cupric suits, is not Cu-b'eCy®, us generally supposed, but a double ferrocyanido 
Cu*K*FcCy*", even wIumi formed in u solution cuntuiniiig excess of copper suit; whuu 
di'ied in the air, it has the composition (hi“K‘'FcOy*‘* + 1*2.11*0. In drying, its tompor-rt- 
ture should not exceed 110°, us decomposition takes pluco between 130° uiid Mo® 
Wyrouboffon the other hand {BnlL S^\ Chim. [‘2J, xii. 98 ; xiv. 145) denies that tlio 
precipitrito contains potassium, unless a A cry large excess of potassium forrocyanido is 
used in the precipiUition. Jji all otlier cases it has the composition Cu'^FcUy**, probably 
AYith 6 iiiols. ir-(). With regard to this controversy, it is remarked iji tlio Jahresherichf. 
fiir Che7iUi\ 18fi9, p. 321, 1 liat a very imixirUint point appears to have been overlooked, 
viz. as to whether tlio solution of potassium ferrocyanide was gradually added to the 
copper solution or the copper solution to the ferrocyanide: in the latter case the 
precipitate always contains potassium, Avhereas in the fornitT it may bo froo from that 
eleuiuTit. 

Silver Ferrocyanide^ According to Wei th {Zcitschr. f. Chcm.[2\ 

V. 381), this salt is but slightly acted on by mcrciiTie oxitle ; neither is it complotoly 
doconiposeil by lAotush. AS'^hun, howcA'cr, it is boiled with mpieoiis ammonia, coniplite 
decomposition bikes place, according to tho equation : 

Ag'I*eCy»* + 2NIP + U*0 = FeO = 4AgCy + 2NU«Cy. 


As the insolubility of silver ferrocyanide in ammonia is usually regarded as decided! v 
cliaructcrislic of that salt, ignorance of the reaction just noticed may easily lead to 
errors in qualitative analy.si.s, especially w'hnii Avarni solutions are u.mjd, or oven when 
tlic precipitated ferrocyanide is merely left for a short time in contact with tho aiu- 
moniaoal liquid. 

When silver ferrocyanide is brought in contact with an ammoniacal solution qf 
silver nitrate, ferric oxide is separaUid, and the whole of tho silver is dissolved as 
cyanide ; tho same reaction takes place witli ferrocyanide or ferricyaiiide of potassium, 
Prussian blue, &c.; even potassium cobaltic^'anido, which resists tho action of more iirii; 
oxide, is acted upon in the same w'uy, if the temperature of tho liquid be raised to 
150®. The rcuclioii is defiiiito enough to bo useil for tho (piaiititativo estimation uf 
cyanogen. For this purpose it is convenient to use sealed tubes hojited for about four 
hours in the Avatcr-batli (Woith). 

Aimimiio-ferrovjfmiide of Silver^ Ag^FoCy*.2NH*, is precipitated as a white, hcai’y, 
distinctly crystalline pjow'der, when i>otassium forrocyanitlc is added to a solution of 
silver nitrate containing an exc<;ss of ammonia. It is also formed by the action of 
tinimonia on moi.«t silver ferrocyanide, and wdien ammonio-ferricyanide of silver 
Ag®Fo*Cy**.3NII* (1*-^ Siippl. 534) is dige.sted for some time, or warmed, with a largo 
excess of ammonia, nitrogen gas being at the shtiio time evolved. When dried over 
quick lime, it has Iho cojnpositioii Ag^FeCy®.‘2Nll“ + GH'^O. It Bmolls slightly of 
ammonia, retains its wdiitc colour unaltered at 100° or a little above, but at higher 
teni|>oratiires turns brown, and ultimately glimmers, giving off uitrogeu and am- 
monium cyanide, and loavung a loose black mixture of paracyaiiogen, iron carbide, 
and silver carbide. It is nearly in.solublo in boiling water, and very sparingly dis- 
solved oven by a large excess of amniouia (Gentli ./. />r. Chem, cviii. 109). Thu 
formation of the ammouio-ferrocyanido of silver is contradictory to Wittstoin’s state- 
ment ( frwcZtM’^r viii. 32), that silver ferrocyanide dissolves in ammonia, 

forming an opalescent liquid. CJompare also Weith, 


Verrloyanldesi Lead Fcr7’icyaiiide, formed by precipitation, is, according to 
Genth {Wiin. Akad. Her. lix. [2] 800), not anhydrous, as stated by Gmelin 
vii. 401), but hydrated, having the comX)Ositinn PbM.'c*Cy** + 16H®0, and^vesoffito 
water at 110°, When propured from sugar of lead coutainiiig limo, the crystals, witli- 
out essential altcrati<ai of form, retain about 1 p.c. calcium. According to ineMUW 
inents by v. Zopharovich. limy are monoclinic, having tho axes a : 6 : c « 0’6658 : l 
: 1*0680, and the angle ba = 71*^ 32' 33". 

Potassium Fcridcyanidc . — Holutions of this salt are well known to decompose roadily> 
with formation of ferrocyanide and n blue pWicijutate. Tlio presence of organic 
matter facilitates this docoinimsition considerably, but light seems to bo 
trause. A solution of 1 part freshly i>reparcd ixitfissiiim furricyanido in 10 
water, aa'Iioh exposed to diffused daylight, becomes darker in colour in the course oi 
few hours, while, if it is expcjsed to direct sunlight, tho production of 
may bo domonstrated by nn-ans of ferric chloride, even aflc-r the lapse ■ *^1?. . 

seconds. Yellow light is without nction on tho solution, and no alteration 
served to take place in tho solid salt. Tho action may be made use of for 
duction of photogpiijihic pictures, but this, owing to tho unstable character of 
compounds, is not likely to bo of any jiractical importance at prcsei^t. ^ 
may, however, find it advanbigcoiis to evaporate and crystallise solutions of P 
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fjjate in the dark, or by lamp-light, and teat-solutions of ferricyauide should bo kept 
in bottles of yellow glass (II. Vogel, Bad, Cltem. Ges, Bar, iv. 00). 

On the use of potassium fcrricyanido as a tost for cobalt, nickel, and maiiffancso 

SCO COBAJ.T (p. 3G2). ^ 

CYiAJrZTli* A mineral called ‘Glance-spar,* luiving the composition of cyanite 
Ar-0’.SiO= but differing from it in specific gravity and erystallino form, is found at 
several localities in the ^iobengcLiige (see GiANCK-SPAn). 

CffAWOCARBOirZG STRESS. Ethyl Cyanocarhonatc^ C‘II*NO- = 
{oC-JP’ ft)rn»od by distilling a mixture of 3 parts phosphoric anhydride with 
•2 parts oxamethiiiic : 

C‘1I’N03 - H'^0 = C‘1I'2J0=. 


It is a colourless mobile liquid of ethereal, but penetrating odour, boiling at llo°-- 
11G°; almost insoluble in water, but slowly decomposed thereby, with formation of 
alcohol, carbonic anhydride, and hydrocj'anic acid. With alcoholic ammonia it forms 
a white product which appears to bo the amide of cyunocjirbonic acid (Weddige, J pr 
tto. [2], vi. 117). 

Allyl Vyanocarbonatf, C'H-NO- = CO is formed, Blmulhineoiisly 

with oxfimidc, by the action of fiiniing hydrochloric acid on the dicynnide of Jillyl 
.ilcoliol. The liquid becomes warm, and on tlio complelion of the reaction, the teni- 
j)iTiiti:ro being kept down, a pnxlnct is formed from which ammonium chloride and 
uxuinido iiro deposited in the crystiillino form ; and on fnietioiial distillation, allyl 
chlondo .Tiuj allyl cya, nocarbonate art; obtaiiu;d. 

'Ihe iTiiclionH l)y which these bodies are foiincd seem to go on simultaneously. In 
Hu oiie cyanogen is detached from the allyl alcohol and converted into oxamide, while 
tile alcohol yudds allyl chloride: 


CTI‘OII.(CN)- + K-'O + UCl = C*H»Cl + 

in llu! other, ammonia only is removed, and the carbon of one of the cyanogen groups 
hccomcs linked, by means of ox 3 gon, to the allyl, forming allyl cyanoenrbonate : 


c=«]poTr.(CN)= + H^o + nci « nh^ci + co Innsn*. 

Cj.iaocarboTiic acid is intermediate bet weeu oxalic acid and cyanogen : 

UlO.OTI (CN (CN 

JCO.OH jco.on jcN- 

The formation of ethyl cyjinocarhonato from oxamethane shows its relation to Ihc 
Vn' cyiiuocarbonal o from allyl alcolioj dicyanide, its relation to the 

latter (>\agner a. follens, Dent. Chem. Ges. Ber. v. 1045). 

CII(CN)». According to T. I^airley {Chein. Soc. J. [2], ii. 362), 
IS corniioiind IS formed by heating cliloroform with potassium cyanide and a little 
nn 1 ^ J” •‘healed tubes, as a noii-volatilo mass, pasty at oi'dinaiTtompcratuivs 

liti* n* consistence of a viscid liquid at 100®. By the rcdiu'ing action of 

hv V* ■ 1 ^ converted into a base, C*II>»N* or N*(C'II’)"'Il", called 

“ 1’'“’'"™"' 

pr. Chem. [2], it. 387; ti. 97), Faii-loy’s motlioa yields 
uuaiui/iuu r the main product consisting of a brown tarry mass. Small 

Hv aro also formed by heating chloroform with silver cyanide, 

to tlm m If the temperature (1200-130®), and the amount of alcohol addinl 

form mnv h f . potassium cyanide, a certain quantity of pure cyaiio- 

hi snnll ® *t crystallises from an alcoholic solution on slow evaporation 

'- 0 ul(l*i!of\': 1 * somewhat unpleasant odour. Cyanofonn 

^'vdiffesfJiirr ^ir'**^**^ heating iodoform with either mercury or silver cyanide, but 
whnlA^ mercury cyanide and alcohol for some hours in sealed tubes at 120®, 
% converted into a double compound of the formula 2GH(ON)».SlIgI». 

•'‘poadinff nmmonium sulphide this compound is converted into the corro- 

*l»csccnf L'uh CH(0N)*.3NH^I, which crystallises in small deli- 

uierciiric rimin' i ^i P^-ct of the mercuric iodide may bo removed fTOin the 

obtain miiJ* X Icoatmont with water ; but it has not j-et been found pos.sil)lo 
^iqiieous hvili. Ibis nmthod. Cyanoform hontod with soda ot with 

^H(C0Om> , u - 1 ® easily converted into mcthiiitri carbonic acid, 

, which crystallises in siiiall needles. 

■W- Physical S/a fen. — To liquefy cyii nogen, a pressure of 4 atmosplicrcs 
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is required at 20° and of li atmosphere at 0°. Cyanogen is liquid under the opJi, 
nary pressure, at —21° and solidifies at the freezing point of mercury (Hofmann, 
VcuU Chem, Ges, Ikr. iii. GdS). 

The solmnt power of liquid cyanogon lias hcon tested by G. Gore {Proc. Hoy. Soc. 
XX. 07) as follows : — Highly dried mercuric cyanide in coarse powder was heated in ,[ 
stout glass tube furnished witli a V-sliaped bond, sind closed by a gutta-porcha plui» 
tied down with copper wire, tho whole being protected by screens. The liquid 
cyanogen conibnisod in iIkj bend, wliich was kept *‘ool by :i wet rag, the body to l>e 
tested for solubility liaving been previously placed in it. 

Substances soluble at lo°. — Camphor, chloral hydrate, iodine, picric acid, ami tho 
disulpliido, moTioobloridc, dielilorid(\ and trichloride of carbon. White phosphorus, 
cane-sugar, carbon tetraililoi-iilc, and w'ater were oidy slightly soluble. 

Substances insoluble at lo°. — Carbon, borfiii, silicon, sulphur, selenium, zinc, luor- 
cury, cojiper, iron, inagncsiiim, salts, gums, fat.s, and most inorganic and organic sub- 
stance.s. 

Iodic acid became pink, ciiproii.s iodido vcrmilion-red, ammonium carbonate brown. 
jVloisturo and alkalis caused .tlio formation of a brown solid body, probably para- 
cyanogen. 

Dreompnsifion of Cyanoc/cn by Hydrttchloric avid in presence of Alcohol . — When 
cyanogen gas is ]>jisscd into a .satiiraU'd solution of liydrochluric acid in absohili! 
nlcobol, lieat is evolved and a white crystalJine precipitate, forms in quantity prepor- 
tioiial to tJie cyanogen eriiplo3\H^l. l-iider these condition-s the precipitate consists of 
pnrti arnmoriiuni chlopide ; but if the solution he not saturated w’ith hydrochloric adtl. 
more or less oxamido is proiluced, and tlio mother-liquor contains oxalic ctlier togflher 
with a small quantity of formic cthtrr, which may he detected by pouring tho niother- 
liqiiop iuto ililuto aqnoou.s ammoiihi, separating the oxamido, acidifying the filtrato 
with sulphuric acid, distilling, saturating tho djstillato with calcium chloride, saponi- 
fying tlio other which separates, and finally distilling with sulphuric acid. Thodis- 
tiihite thus obtained exhibits the reactions of formic acid. Tho formation of oxalic 
ether is represented by the equation: 

C‘X- + 4CTPOH + 4H(U = C-O-(CWO)- + 2NH«CI -t- 2OTPCI. 

The formic other result .s from the decomposition of part of tho oxalic ether. 

Tho reaction of cyanogen with hydrochloric acid in presence of alcoliol, is diflRu’mit 
from that which takes place in presence of w’ater, the cyanogen in tho latter case being 
converted into oxamido, while the hydrochloric acid undergoes no change (1*^ SvpiyL 
538). 

Action of Ammonia on Cyanoym. — ^Dry ammonia and cyanogen gas conihino form- 
ing hydrazulmin, in amorphous, jet-ldaek scales, which, when heated, 

first decrepit-ito violently, then swell up like Brodio's graphitic acid, giving out 
gases, and leaving a residue of panicyanogcn, wliich volatilises completely at a higher 
tomperature. 

Water acts on hj’drazulmin, forming hydraziil nioxin, 0*N'H''’0 : 


C'N«I1.« -r H-0 » XJl® + 

Hydrazulmoxi n is a brown amorpliou.s mass which dissolves but .spiringly m 
water, more freely in presence of ammonia. When the ammoniacal solution is exposedto 
the air, the hyclrazul nioxin separates out again gradually. Tliis compound isidenticnl 
with tho so-called azulmic acid, which is formed by t.ho spontaneous decomposition 
of an aqueous solution of cyanogen, .and by the action of cyanogen on aqueous ammo* 
nia. Tho more concentrated tlie latter, the greater is tho quantity of azulmic acid 
formed, wliilst in more dilute solutions the formation of oxamido preponderates. A 
hot aqueous solution of nzuhnic .acid exhibits a fine violet fluorcseonce ; on heating Jt 
gently with caustic pohish or concentrated sulphuric acid, yellowish-brown solutions 
aro obtained, which, after cooling, show a dark green fluorcsconco. 

Wien azulmic acid is hoiled with water and the hot solution flltored, it separates 
out on cooling with a mucli lighter colour ; and, by rcpp.ating tills operation 
times, a product is .at length obLained, forming b’ght yellow amorphous flakes. 
body is identical witli my come lie acid, C'K^H*0®, which Liebig nnd Wohler 
obtained by the action of ammonia upon alloxan, and which Hlasiwetz .aftern'flius 
preparorl by hofiting uric acid and water together in scaled tubes to 180°, MycomoUc 
acid is formed according to tlie equation : 

+ WO = NH* + C*S*K*0^. 

Mycomelic acid is soluble in boiling wiitor ; tho solution shows a fine greenieh-bl^® 
fluorescoiico. f 

By oxidising nzuhnic acid with potossium permanganate or nitric acid 
hydrogen arc i-eplacod by oxygen nnd nzoxulmoxin 2C*N'*liW + IPOiS K®®®®* 
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■A reddish-yellow, crystolliiio {mwdor, insoluble in water, but readily soluble in con- 
centrated sulphuric acid. This solution shows au intense light green fluorescence, 
like lu-finium glass. 

The constitnliou of those dilForont compounds is most probably as follows : — 
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(Jrtuobaen and Kmmerling, J)eiit. Chmn, Gcs. Her. v. 947). 

The iiaiuo a::idmic acid has also been given to an oxitb'sed acid, wJiich is one of the 
constitiKJUts of the reddish-black mass (u>!ulniin) formed, all.er lung standing, in hydro- 
cyanic acid mixed with a litHo water and a trace of ainnionia or a fixed alloili. 
AcirorJitig to Gautier {Ann. Chim. Vhys. [4] xvii. 158) tliis mass consists of five dif- 
ferent parts : (1.) A portion volatile at 100*^, containing water, ammonia, and ammo- 
nium cyanide. (2.) A portion soluble, with red colour, in alcoliol of 99 p.c.. and 
crystallising thi:i'efi*om in tufts. (.'{.) A portion soluble in somewhat dilute pot.ish- 
Icy. The dark brown fillored solution mixed with hydrochloric ackl, deposits light 
flocks, while one or more nitrogenous bodies remain dissolved. (4.) A brown- bhick, 
iinorystjilliiio, iion-hygi-oscopic mass, forming by far the largest, proportion of tlie 
whole, insoluble iu water either cold or warm, also in alcohol, diluto) acids, and dilute 
ix)tash-ley, very si iglitly soluble in gb'uiial^ acofjc acid. With strong potJish-ley it 
forms a dark brown solution, from which it is precipitated by hydrochloric, sulphuric, 
!iiul even carbotiic acid. It dissolves at ordinary tempcratims in commercial nitric 
aeiil, and in strong sulphuric acid, and is separated tlierefrom by a largo quantity of 
wiUir. Its solution in acids forms brown precipitates with silver nitrate and mercury 
Lillis, green w'il h copper salts, wliito with load salts. Neither of these precipitates is 
(■pv.stnllino. The sulphuric acid solution undergoes alteration when hcaUn;! above 200°. 

I lio iiuiss itself is unalterable at 130° and probably at much higher temperatures, lly 
[irolonged boiling wntli water in which insolnblo bases like magnesia and zinc-oxide 
«ri) suspended, it may bo maJo to unite with those bases and form salts. (5.) A small 
quantity of a pitchy substance insolublo in concoiitratcxl acids, 

TIui brown-black substance (4.) (azulmic acid) has, according to Gautier, the empirical 
irjrauila C’H^N’O, but its silver salt has tho composition C"H"AgN®0\ whoiioo it is 
probiblo that tho acid itself is C’lI'N^O’. Gautier assigns to itthe constitutional formula, 

2CNn)», supposing it to contain a polymerised cyanide of hydrogen. 

cyanogen chloride with phosphine, see Phosi'uine; Mithl/msyl 

Ou tho Heat of Ponnation of Cyanogen-compounds, see Heat. 

CYAinniBA,orCTAWCA»BAllIlDa,C*n“N='0 = CH»(aN)N=0. Produced, 
•according to Poonsgen (Ann. Ch. narm. cxxviii. 339), by heating urea (30 parts) 
''lUi cyanogen iodide (70 parts) for two days to 140°-150° : 

CH^N=0 -I CNI = HI Cri»(CN)N”0. 

sid product with warm water, and removing tho separated iodine with 

cyanurea remains as an amorx>houR light yellow powder, nearly 
«vciA *’*^®*^y soluble in strong acids and alkalis, not decomposed by acids 

bmip . -1 „ resolved by heating with alkalis into aramouiii and car- 

wiHi H<^at«l with barium liydrato and a little water to 130°, it yields, together 
+ FPO*^ ^Ja-rium carbonate, a barium salt containing (C“H N®0®)''l»a 

^'py-'mic water and treated with nitrous acid, it is converted into 

2C»H»N’0 + N»0» 2CHFN20* 2H*0 -i- N^. 

Rallwachs (SSeUschr. f. Chm. [2], vi. 354), Poensgen s cyanurea is. 
iicid. ” ^ *®puro ammelido C*1I®N"0*, and his dicyanic acid is probably cyanuric 

^Alniszc AOZn aiTB STBSU, see pp. «I6, 409. 

Luca, Gassetta chinma italiam, ii. 666). The tubers of 
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Cydanmi eitropaum contiiia fermentable saccharine substance, starch, and gum 
together with :icrid and poisonous matlci^i, tho most abundant of which is a hqu- 
uzotised glucoside called eye la ruin, wliicli was prepared and described by Do Liufi 
about fifteen years ago (ii. 201). The paper iil>ovo cited contains nothing now respecting 
this body, excepting a more expeditious niudc of preparation, founded on its property 
of coagulating like albumin when its aqueous .solution is heated. Whun the expressed 
luice of the tubers is heated iiciiriy tu the boiling point, a white flocciilent substance 
BcpciKites on the surface, which may either be skimmed olf, or separated by filtering 
tile hot liquid. This siibstaiieo dissolves in hot alcohol, and the solution filtered wliilo 
still hot, deposits the cyclamin ou cooling in the amorjihous aggregations foruicrly 
described. 

The juice of the tubers left to itself for some days in contact with the flip, soon 
ferments, witli evolution of carbon dioxide and foniiation of alcohol, which may })•* 
isolated by simple dislilhilion. The cyclamin in the solution is at the same tiim* 
co:igulated by the heat developed by the fermentation. The filtered liquid evaporaU-d 
to drynes.s over the water-bath leaves a brownish residue, the solution of which in 
cold alcohol yields by spontaneous evaporation, crystals of m a unite. The iiiannito 
may also be extracted by treating the iib<JVc-mcnuoiicd residue with hot alcohol, sud 
leaving the solution to cool ; it appars to bo a product of the fermentation above 
mentioned : for the iiufermeated juice, treated in the niaunor just describeLl, docs not 
yield a tmeo of it. Further e;cperimcnts must decide whether the munuite is forand 
by transformation of the cyclamin, or of the numerous otlier substances contained in 
the juice. 

Other saccharine suhstances, more or less resembling inannito, have likewise been 
obtained from the juice of cyclamen. A con.sider:iblc quantity of the juice having hein 
boiled, the coogulum collected in fdters, and these, alter tlie liquid had drained otV, 
having been placed under a bell-jar and suiToundcd with fragments of quick linw, 
renewed as it slaked, the whole of tlio coaguluni was found, after some weeks, to he 
converted into a crystalline substance exhibiting some of the properties of mannite. — 
Another portion of the exprcsseil juice poured into two glass vessels of 10 litres 
capacity, began, after a few days, to dcqiosit, on the side more directly exposed to the 
light, u. white, amorphous substance, wdiich gradually increased in quantity; no gas 
was evolved, and the liquid did not exhibit any sign of putrefaction. On boiling the 
remaining liquid, only a small quantity of coaguluni w’as obtained, and on separating 
tho liquid therefrom, evaporating to dryness, and treating the blackish rosicluo with 
hot alcohol, a solution was obtained which gradually deposited a crystalline substauce 
likewise resembling mannito in sumo of its characters. 

X>astly, tho romaining portion of the juico was evaporated over Iho ivatcr-bath, tho 
residue, when dry, W'as digested with cold alcohol, and tho filtered liquid, while still 
hot, W'as left to itself in a glass vessel: it then depositod an uniorphous substance, 
resembling the cyclamin which stqwirates on cooling from an alcoholic solution. 

These experiments seem to show that eyebamin is capable of gradually passing, 
under the influence of moisture, into a sweet crystallisablo substance, similar to, or 
perhaps identical with, mannito. 

Iho juice of cyclamen tubers may bo introduced into tho stomach of rabbits in doses 
of 10 to 20 grams without dosti’oying life, and the tubers are eaten with impunity by 
pigs, but the juice, mixed with winter in the proportion of 1 cub. cent, to 2 or 3 lit^ 
acts poisonously on fishes. Tlie toxic action of cyclamin is similar to that of cuiarine> 
but less energetic, and, like tlio latter, it is nearly neutralised by bromine. 

. ACXp, An acid obtained from Cyclopia Vogelii, a plant used in 

Ainca for the preparation of tea. When about a pound of tho dry leaves is tied up in 
a cloth, immersed in water for some days, and pressed from time to time, the cydopic 
ncid IS deposited in tho form of a yellow powder. It may be purified by crystallisation 
from weak spirit. It exhibits a deep greenish-yellow fluorescence, which is 
obsorvwl whoiyi few crystals of tho substance arc immersed in soda-ley, and exposed 
to sunshine : aftor a few days, however, the fiuorescenco disappears. Analysis lends to 
toe fomuU em'O* or C«‘II'*0", the acid being bibaaic qaudribaric aBCordiDgly 
(Church, Chemical Abws, xxii, 2). 

CnSBXTBv The researclios of Fittig, Kbbrich a. Jilke, of Pott, of LoO; 

^inine, and quite recently those of Boilstein a. Xupffer Chmi. 

1181 ; Ann, Ch, Phana. clxx. 282), have show'u that tho cymeno obtained from ciinun 
oil, and tho oil of Cicuta virom is identical with that which is produced by 
dehydration of camphor with zinc cJiloride, phosphoric oxide, or phosphoric sulphide. 
The cymeno obtained from these sources boils at 175®, has a specific gravity 
0-873 at 0®, and is converted by f>xidation with dilute nitric ncid into toluie acidt 
oxidation with chromic acid mixtiin- into ncotic and terephthollc acids: hciie© ^ 
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inftirred to hftw tho constitution of rocthyl-propyl-benzenc, or mctliyl-isopropyl- 
teuzc..o.C“H*(Cl?X9*H')(lsi W302). 

Tho sumo cymono is produced by ddiydrogoimtion of various Iiydrocarbons ot tlio 
torpcno group, which, in fact, may ho regarded as dihydritlcs of cymeiio. Uy 

milling bromine to oil of turpentine or oil of lemons at a low temperature, or by licnting 
fiiuly powdered torpin to 50°, and their leaving it to itself at tho ordinary temperaMi re, 
terpono dibi’omide, C*®n.’®I3r-, is formed as a heavy oil, which, when heated -with aniliiio 
to 180° for fijght hours, gives up 2HBr and yields cymene boiling at 176°-179°, and 
converted by oxidation witli chromic acid into acetic and tcrephthalic acids (Oppen- 
liuiim Deut. Chem. Ges. Bcr. v. 34, 028). A similar result has been obtained by 
]l;iibier (Compies rendus^ Ixxiv. 194), by treating crysiallisod terjnn 0*®II*®.3IP0 with 
broiiiinc, and decomposing the product by distilhiLion. 

■\V right (CVicwi. Soc. J. [2], xi. 686) has examined thecymcncs obtained from various 
incmbors of tho terpono family by the following processes : 

1. By acting on myristicol (tho chief constituent of volntilo oil of nutmeg) with 

pliospliorus penbichloridc, whereby n liquid chloride is obtained : 

C«®1I>“0 + PCl“ = HCl + rOCl» + C'®II'^C1 ; 

mill this when heated to 170°'“190^, is resolved into hydrogen chloride and cymene. 

2. By t ho action of zinc chloride on myidsticol : — IPO = C'®H‘^ 

3. By digesting tho chlorinated product obtained by tho action of phosphorus 
piMitichlorido on camphor, in a flask with vertical condenser, as long as hydrogen 
ililoride was given off, then distilling off the remaining hydrocarbon, and digesting it 
Avith sudiimi. A polymorido of cymeno appears to be formed at tho same time in 
small quantity, and a viscid tir remains in tho retort.. 

.4. By treating the most volatile liydrocarbon of nutmeg oil (boiling at 163°-164°) 
with sulphuric acid, the terpenes jircsont aro polymerised, and cymene pre-existing in 
it, remains unaltered : tho cymene may then bo distilled off. 

0 . Tiirpcntino oil, treated in the same manner, likewise yields about 3 p.c. of 
cymeno previously contained in it. 

6. By adding bromino to licsporidciio (from oil of orange-peel) and heating tho 
resulting dibromido: C'"JI'®Br* == 2HBr + 

7. I'rom cumin oil, by tho usual process of separating tho cuminic aldehyde by 
roiubi nation with acid sodium sulphite, and distilling off the cymeno. 

Tho cynioDcs frijm those sovijral sources all gave by analysis uunibcrs agreeing with 
tho formula C’®ll'^ and their boiling ^ints (corrected) though varying one or tw'o 
degrees, wore ail about 176°. By oxidation with chromic acid mixture, they all yielded 
tercphthidic and acetic acid, but no isophthalic acid, nor any of tho higher homologucs 
of acetic acid. Moreover, these seven samples had all tho same odour, and their 
•'<iu!cific gravity, refractivo index, and dispersion wxro nearly tho same, approximating 
to the following mean values : 

Sp. gr. Hefir. Index, Dispersion. 

0'86 1-.18 0-035. 

The optical properties of these cynioncs have been examined by Gladstone ( 

'W. [2], xi. 070), wiio finds tiuit they aro practically the same for all, tho specifio 

rtfradivo energy being 0 ’So, and their mean refraction-equivalent 75*1, tho difference 
wi tho cxtromcB not being greater than that usually observed between different speci- 
mens of tho same hydrocarbon. This equivalent, calculated with tlio common refraotion- 
«quiyaloiits for carbon (6) and for hydrogen (1*13), would give 68*2; thus all these 
Kjjecimons of cymene showed a higher equivalent characteristic of the aromatic group. 
|ws IS particularly remarkable, as some of them wore prepared from substances which 
abnormal influence on light, affording additional evidence that tho 
ptanling power of the carbon in such bodies as tlioso docs not arise from any particular 
'itcrnal structure capable of being transmitted from one compound to another. 

The boiling points and the specific gravities at different temperatures of tho cymcncs 
sources, carefully purified by treatment with sodium and subsequent 
.ictiotyd distillation have recently been determined with great care .by Pisati n. 
A erno chimica italiana, lii. 661)i tho result being to estiiblish their identity 

''ith ivgnrd to these properties. 


iifta 
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From Cumin Oil. 

From Cymyl 
Alcohol. 

From Camphor. 

Prom Thjmooii. j 

Boiling point ) 
(bar. at 761 '4 
-7Gl'6mm.) j 

1 

175'1° 

177-25° 

176*55° 

1 

Sp. gr. at 0° 

()'8744G 

0-87227 

0 87221 

0-87226 

26° i 

0'86167 

085258 

0-85237 

0 85241 

60° ! 

0'8346!» 

0*82352 

0-83251 

0-83232 

75° ! 

0-81409 

0-81209 

0-81230 

0-81223 

,100° 1 

0-79307 

1 

0-79129 

0-7912.2 

0-79124 


Bromocymene, iH formt-.l by adding brumiiK'. 

drop by drop to cymone (proparod the action of phosphorus pcntfisulpliiJo oii 
camphor). When purified by distillation ’with water and fractional distillation, it forms 
a liquid having a faint odour like that of c^'incrio, boiling at 233°-23o", and luiviiig 
a sp. gr. of 1*2G9 at 17‘r)®. The ]>roniino in this compound is retiiiiied with great forn^ 
not being eliminated by the action of sodium and metliyl iodide, or of sodium ami 
carbon dioxide. 


l^roniocymcnc is readily oxidised by dilute nitric acid (1 acid to 4 water) formiug 
bromotoluic aciil, C“H*Br{^yQ^, miltiDg at 203®-204° (Latidolpb, Scut. Chm. 
Ges. Ber, y. 267). Sco Tolutc Acins. 

^ Clilorooymene is formed when chlorine gas, diluted with carbon dioxide, is passed 
into cymene. ITuatcd with potassium aeutato and alcohol, it yields cymyl acelatr, 
a liquid boiling above 236° (Czumpclik, Dmt, C7/c/«. Ges. licr. iii, 

481). 


OTMan^SirXiPBOlVXC ACZO, is mentioned in the Firtif. Sup- 

pfement (p. 302), as formed by treating cymciio with fuming sulphuric acid. Ac- 
cording to H. Miiller (Deut. Chun. Gcs. Ber. ii. 130), it is also very easily producid 
by treating pure cymene with ordinary sulphuric acid at 90°-106°. JJoated with 
caustic jKitasli or soda it yields oxycjmieiio or c^'niic phenol, 

Bcilstein n. Kupffer (Bent. Chem. Gcs. Bit. vi. 1181 ; Ann. Ch. Pharm. clxx. 287) 
liare examined several salts of the cyniono-siilphonic acids prepared from cymene 
obtiiincd from cumin oil and from camphor, and have found them to he identical in 
their properties, barium salts ^ (C*"H*-'*SO*)-Ba + 3H*0,* form crystalline laniimr. 

■wbich do not give up their water of cry’^sbillisation till heated above 100°. 100 parts 

of wruter at 16'2° dissolve 2’3 jvirts of the hydrated salt; 100 parts of alcohol at 17'S° 
dissolve 1) 3-5 5 parts. The calcium salt. (C'‘‘Jl‘»SO»)-Ca + 2H*0, crystallises by slow 
ctwliog from a not too concentrated .solution in splendid largo plates w'hich have a 
vitreous lustre, give off their water of crystallisation over sulphuric acid, and lire 
-i'. soluble in water than the barium s.alt. The ciTstals arc raonoclinic, 
exhibiting the combination ooPqo . P . — P . c»P . ooP3. Itatio of axes alblc = 
1*373968 ; 1 : 1*121196. Angle be = 96° 13' 17". Cleavage very distinct parallel to 
( 00 Pco ) (Jerofojow, Ann. Ch. Pharm. clxx. 297). 

The lead^salt, (C;«Il*=«S0«)4»b + 31PO, fonns shining lainime which give off their 
water over oil of vitriol. 100 parts water .at 16° dissolve 1 '34-1 '94 rvirts of the salt. 
The solution is partially decomposed by evaporation. 

Avoiding to Paterno (Gazzetta chimica iialiana, iii. 644), cymeno from camphor 
yields two isomeric sulpho-acids, the barium salt of one of which contains 3H»0, while 
that of the ether contains only lIPO. This inny perhaps account for the earlier 
statements respeciing this salt (ii. 299), according "to which it crystallises sometimes 
with 2, sometimes with only 1 mol. water. 

CTMZC PBBWOB or OXYCYMBlTBp C'®J1"0 - is produced hv 

the action of caustic alkalis on cymeiio-sulphonic acid (vid. sup., also 1st Supple 302). 
also, togewer with camphin, camphorotin and colophene, by Sio action of loilipe 
camphor pr. Chem, xxvi. 26 1 ; Schwuizer, ifiid. 118). According to Ileiachw 

^ Chem. Ges. Bcr. vi. 934, the best mode of preparing it from camphor 

is the following: ^ ^ • 

Camphor ils heated witli about one-fifth of its weight of iodine in a vessel connect®^ 
with a reversed condenser, and the product submitted to distillation, until the twop®' 


• In the First Supplement (p. 302) this salt is cn-oncoufily stated tv contain 6 moli. »»***’• 
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raturo of tlie vapour is 170°. The residue is freat.(!d witli concentrated soda -I oy, ’which 
li.avcsa resinous body undissolvcd, and the filtrate is shaken repeatedly with ether; 
on adding hydrochloric acid to tho filtrate, the phenol sojiaratos out. It is an oily 
liquid, which does nob solidify at — 20°, and boils at 231°-232°. Hy tho action of 
vhospiiorus peiitasulphide, it is converted into cymene, and a thiocynion(J or cyniie 
intTciiptan, which is identical with Ihatobtainodby distilling camphor with phosphorus 
THiilasulphido. These results shoAv that in cyuiono-siilphonic aeiti, aud in the phenol 
ami mercaptan derived from it, tho inorganic groups occupy tins saino position as in 
ili(? <'ymic phenol and mercaptan derived from camphor (Raderburg, Veut, Chvm. Ges, 
jj(r. vi. (iG9). 

CYMZC MSHCAPTAir or CTMElTYXi SUEPBTDRATE, is 

foniKid in small quantity, together with other compounds soluble in alkalis, in tho 
priquiTiition of eynieno by distilling camphor with pliosphoric sulphide {Ist Suppl. 

To free these soluble compounds from hydrocarbons, tlio alkaline solution is 
tillior shakoii with ctlmr, or subjected to the action of a current of steam ; :ifterwanis 
tlic solution is acidified with Jiydrochloric acid, and tlic oil which separates is subjected 
to fractional distillation. The principal proiliict thus obtiiincd is cynieno-mercapbin 
(Idcsch). .It is also pro<luced l)y distilling cyinic phenol with phospliorus pentasul- 
]iiiide,aiid by tho action of nascent hydrogen on cymene-su I phonic chloride, 
ubtained by distilling tlio potassium salt of C 3 'mcric-sulplionic acid with phosphor UB 
puntichlnridrj (Ihidorbiirg, Ihttt. Cheru. Gts. Her. vi. 669). 

(lyniid mcrcaptiin is a colourless liquid, having a peculiar aromatic odour, miscible 
uitli alc(»hijl, but insoluble in water. It has a sp. gr. of 0'997o, and boils at 235°- 
Oxidising agents transform it into cymonu disulphide. 

Tlio jiwrcury compouiul .TTg((.J*“n.'^)-S^ is obtained in hmg, bright needles, by boiling 
»il alcoholic .solution of the mcrcaptiin with mercuric oxide, and cooling the liquid, or 
IIS a wliito precipitate by mixing an excess of an alcoholic solution of tho mercaptan 
with iiKiriiric chloride. On distillation, it ynokbs metallic mercury, mercuric Kiilphide, 
nnd an oil which appears to bo a mixture of monosiiljihide and disulphide of cymene. 
Wiicn an alcoholic solution of cymic mercaptan is added to excess of mercuric chloride, 
a more soluble compound, C'®.ll*®y.IlgCl is formed. Tho ailver-compoimd C'*Il’“AgS is 
obtained ;is a yellow-crystalline 2 ^reoipitato on adding an excess of solution of tho 
mercaptan to a solution of silver nitrate. If tho mercaptan i.9 not in excess, tho 
ponipouiid C‘®Il’''AgS.AgNO* is formed, -whicli crj^slalliacs from alcohol in leaflets 
(Idwcli, Deuf. Chem. Ges. Her. vi. 478). 

Cymic DisiUphide^ (C'“ii“’)-S®, is formed by oxidation of cymic mcrcaptm, and is best 
piTpirod by dissolving tho latter iii an alkali, and adding sodium. It tlicii separates 
as an oil, wliicli docs not solidity on refrigeration (Fl(?sch). 

When cymic mcrcuptfin or cymic disulphide is treated with nitric acid, two atoms of 

carbon arc eliminated, and sulphotoluic acid, | QQzp£» *•'* formed (Flesch). 


D. 


p ®^*®®*****i C^IPO*. This saccharino substanco, obtained from the West 
of Africa (1«^ Suppl. 641), is converted, by a mixture of nitric unci sulphuric 
•uuls, into a thick, translucent, gummy nitro-compound, which is precipitated in flukes 
y water, crysUillisos from solution in boiling alcohol, and detonates wdien struck 
\ lanqjion, Compi. rmd. Ixxiii. 114). 

The seeds of Daphne Mezeream yield a fat oil, which has a specifle 
vity of 0‘8903 at 15°, dissolves slightly in alcohol, remains fluid at 16°, and dries 
''v’ld ^ r 1 ’ contains an acid substance, from which it may ho freed by digestion 
Tho' I5y saponification, it yields stoaxic, palmitic, myristic and linoloic acids, 

wlii yields to other a rosin, and to alcohol of 96 p.c. a resinous substance, 
Ki-onm with alcohol of 70 p.c. crystallises from hot alcohol in stellate 

toffpt K • 1 ** is c 0 c c o g n i n (p. 366). 1 00 parts of mezoroum fruit yielded, 

0^2 volatile oil, 31 parts fat oil, 3’68 resin and wax soluble in ether, 

l‘hint-ft^-S (soluble in alcohol), 0‘38 coccognin, 19*6 protoids, 32-37 mucus, gum, 
auil principles, colouring matter and cellulose, 6‘46 inorganic matter, 

^ ®9 -«^tor (Cassdman. Jaftresb. 1870, 883). 
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DATOLITE— DEOANK. 


BATO&IT8. This* mineral occurs iibuiidantly in brilliant crystals oxhibitiog ^ 
great variety of combi nations, in the Jlorgeii Hill Tunnel, New Jersey. An elal^ohito 
ilescription of those crystals, accompanied by figures, is given by Ji- S* Hanii {SUL Am, J, 
[3], iv. 16), whoso Tu»>asuroraciits show that they are monoclinie, differing butsligliHy 
from the orthorliombie form, a result agreeing with the measurements of Kopp (if. 
306). The crysbils nvc roferrible to four distinct typos, which aro represented in tho 
following figures :♦ 

I'W. 12. 




DATUBA. Tho following method, devised by Hragondorff, for estimating tje 
amount of alkaloid in Datura Stramonium, and Atropa Belladonna, is described by 
N. Qiinther {Zeihehr. Anal. (Jheui. viii, 4761). Tho comminuted plant-organs are 
tw'ico exhanstod at 30®-40®, with 10 times their weight of water acidulated witli 
3 droiJS of sulphuric aci<l, and tho strained extracts are evaporated to a syrup overs 
steam-bath. Tho syrupy liqnhl is left for 21 hours in contiict with throe timw 
voliimo of alcohol, to scpiratc gummy substances, then filtered ; the greater mrt <» 
alcohol is removod by distillation, tho rest by evaporation over a water-bath ; 
residue is agitated with light petroleum oil to free it from colouring and rosino 
matters. The liquid is then neutralised with ammonia ; the alkaloids are dissolie 
out by repeated treatment with chloroform ; tho united extracts are freed 
Ilia salts by washing witli w’ator ; and the residue loft, after removing the 
of the cliloroforiii by distillation, and tho rest by evaporation, is weighed. ^ 

leaves, ripe aiul unripe fruit of Belladonna thus treated, yield the ^ 

colourless, spicuhir, crystalline mass; the stems yield it as an amorphous mass, wn 
from all pirts of tho Datura, yellow amorphous daturino is obtained. 
portions treated with water containing sulphuric acid, always leave a 
residue. Tho weight-determinations may bo verified by titration wi^ potassi 
curie iodide (Isi Suppl. 86). Tho results are given on page 117 l-hi* volume. ^ 

BSOAmf is tho chief proiluct obtained by heating 

for 24 hours with 60 partB of hydriodic acid. It boils between 166® and ^ 

stands tho action of nitric acid, and is not attacked by bromine at . 

tiiros. Pmtane or Ampl Hydride^ is formed at the same time in ffliiall«9 

(Berthelot, CViim. [2], xi. 3). 

* The notation of the foooii in these figures Is that uaedin Dana's MlnenleffFt Av e& exp**"* 
wMcti, SCO the article C/’iwfal/esrrqpAy, ii. H.*/, footnote. . 
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saoBsa, nnd SBCXXraSi €'*’11*^ nrc obtained (together Tritli larger 

niiaiititios t)f a volatile aromatic hydrocarbon) by heating tnrpontine oil for some 
llonrs to 200^-250° with 20 parts of liydriodicaiMd. Deceits boils at 105°, has a strong 
.liliaceous odour, is not attacked by ordinarj'^ sulphuric acid in the cold, but dissolves 
iii tlu; fuming acid when heated, forming a sulplio~acid. Fuming nitric acid in the 
L'old converts it into a nitro-acid, witlioiit evolution of red fumes. Bromine converts 
it. M’itli evolution of hydrobroiiiic acid, into colourless crystalline needles. DecinehoWa 
at 170'^-I75®i withstands the action of sulphuric acid, nitric acid and bromincj more 
obsLinutolyUian dcceno ; novorthelcssit is grailuully oxidised by boiling with nitric acid, 
:iiid converted into a viscid product by heating Mitli fuming sulphuric acid. Heated 
lo 280° willj liydriodic acid, it is converted into dccano, with evolution of a gaseous 
luiAturc of 57 parts hydrogen and 43 propane (Borthelot, he. cii.). 

OBCBBWXTB. Soo Vai7ADAte.s of Li<u.d. 

DEBTBBATZOXr. A theoretical paper on the dehydration of organic compounds, 
nnd tlio part which this process plays in the formation of sugar, and on fermentation, 
li.i.s been published by A. Haoy(‘r (DeuL Cftern, Gcs. Her, 1870, 63 ; Chem. CentralUatt^ 
1871, 27, 38 ; Cfienu Soc. J. [2], ix. 331), 

DEBZSSSZTE. A mineral allied to delcssitc occurs in cavities of the triipp in tlio 
M part of Now Caledonia, sometimes tilling these cavities alone, somolimes oii- 
cnisliiig zuolil(‘S. It is green, soft, fusible at tho edges, jiartly soluble in liydrochloric 
.icid. .Analysis gave : 

PiO=. A1'0\ .FeO. 0:iO. MgO. GanKiio. TI“0. O. nnd lo-w. 

t0 53 6 05 12-o0 0-52 11 15 2-87 13 10 9-38 = 100. 

Tin: iivm oeciirs partly as bVO® (If. How, Phil, Marj. [4], xxxvii. 269). 

Another Tiiiiieral allied to delc:8.site, occurring, on the Piiy de Montendoux, Auvergne, 
jiK ji fcrncut of Ijusallic tufas, and in cavities of the same, lias been analysed by 
V, Lasiiulx {Jalireab. 1 870, 1 306), with the following results : 

filO^ A 1=0"' F'nW CaO. MgO. H=0. 

30-32 18*51 19*82 4*51 11-74 12-30. =. 100-20 

DEOBYBEBZOZB’. 8eo Beneoin (p. 172). 

SSOXYCOBBZBTE. See CouKUn;:. 

DEOXYGBVTAJTZC ACZD, C‘'^H"0*. An acid produced by heating glutanic 
or ghitaric ncid, <J’ IPO* (Isi?. Suppl, 637), with four times its weight of concentrated 
liyilriiKlic acid to 1 20° for about eight liours. It is very readily soluble in water, alcohol, 
iind ctlifT, aiul crystallises exceedingly well, forming large, transjiarent, nionoclinic 
cpystals, melting at about 97°i and decomposing above 280° into w-ater and the anhy- 
ilridi!, 

yield Ammoimim dcoxyghUanaic^ C*H^(NH'*)0^ remains, on evaporating a strongly 
aniinouiacal solution of tlio acid under an exsiccator, in transparent concentrically 
pouped cryst^als. Calcium deoxyglutamte, C*IPCaO^ + H*0, is sparingly soluble 
in water, and forms opaque laminse. Barium deoxyglutanaiCy C*II®BaO* + 6IPO, 
crystallises in small transparent needles, readily soluble iu water. Lead deoxgglutanate, 
(MI“PbO\ is a -white heavy procipiUto, aud tho silver salt, C*II*Ag*0\ a very 
Imlky jirocipitat^o resembling alumina; it is but sparingly soluble in boiling water, 
ruiil s^Miratcs on cooling in the crystalline state. It maybe obtained in distinct noodles 
»y boiling a dilute solution of tho acid with silver carbonate ; but tho greater p;irt of 
llio salt remains behind with the excess of silver carbonate. 

Deoxyglutenic acid is isomeric with pyrotartaric acid, from which it follows that 
glutsinic acid is not identical -with either of tho tliree homomalic acids derived from 
ncoiutic acid, a.s those latter -w'ould yield pyrotartaric acid by reduction (Dittmar, 
Chen. [2], V. 338). 

BESGiiOZZnB. Seo Vanadatiss op Lead. 

^BBIttZB. Seo iSmsENB. 

3>BTOK-ATXO»r. Seo Explosion. 

. According to Jacobson (Ann, Ch, Pharm, clvii. 227) tliis substance 

ccurs, toother with inosito, in tho lungs of the porpoise. 

(l b Miisculus (Bull. Soc, Chim, [2], xviii. 66) dextrin is formed by the 

Juration of glucose. Proceeding on tho view that dextrin is tho ether of glucose, 
ad flulplioglueosic ;icid by dissolving dry glucose in concentrated sulphuric 

and’ solution with alcohol of 95°, in which dextrin is very nearly insoluble, 

throe i aside. A deposit, apparently dextrin, continued to form for about 

Weeks. Freed from adhering acid and alcohol, this deposit possessed the follow- 
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ing properties : — It was gummy while moist ; amorphous and friable when dry; 
very soluble in water, insoluble in alcohol ; had no sweet taste ; did not reduce copper 
salts; was only very sliglitly saccharified by diastase; was slowly converted iSo 
glucose by boiling witli dilut e sulphuric acid ; and was not coloured by iodine. Its 
rotatory power, however, altliough very nearly double that of glucose, was still far 
below that of ordinary dextrin. 

Respecting tlio formation of dextrin from starch, and the behaviour of dextrin and 
starch witli iodine, boo Stjlkch. 

SUTROanC RCZS, OTI*=0’ (Habormnnn, C/icm, Gcs. Ber, v. 167). 

This acid, which has the same composition as gluconic acid, is obtained from dextrin 
in the same w.ay as lactonio acid from milk-sugar, i.e., by bromi nation and trentniout 
with silver oxide. TJio cruilo acid yields a crystiillisablo calcium salt, and is host 
purified by precipitating with lead acetate and treatment with sulphuretted hydrogen ; 
it then forms a sour uncrystalli sable syrup. Its ordinary salts are monobasic, hut 
bibasic salts may bo prepared in tlio same way as the corresponding salts of gluconiii 
acid (q.v.), with which it is merely isomeric and not identical. two aci£ differ 

by 5° in their molecular rotatory powxTs, and in the degree of hydration and tlio 
solubility of their calcium and barium salts, thus : 

Calcium salts. 

Dextronato Ca(C®H“()’)= + IPO, soluble in 31 parts of water at 16'’. 

Gluconate Ca(G«II>'0’)2 + 2IPO, „ 25 

Barium sails. 

Doxtronatc Ba(C®H*'0’)® + 4H-0, soluble in 5^ parts of water at 30®. 

Gluconate Ra(C«H >'()')-’ + 3TPO, „ G „ 

RETikBIZTTZir. An iudiffurent substance oldained, on one occasion, in the 
preparation of buxine from the roots and stalks of Cissa7npclos Pareira, by extraction 
with warm water, and precipitation with seda. On treating the precipitate vith 
hydrochloric acid, the deyamittin remained undissnlvod, and cTystallised from liot 
alcoholic solution in microscopic hexagonal plates. Wlien treated with sulphuric acid, 
these crystals assumed a splendid blue colour, which quickly passed through green into 
red, and then disappeared (Fliickiger, ZcUschr. f. Chem. vi. *251). 

DZRSAXBTTRCBROmvYJV • This name was given by K. Liobo {Jahrhuch f. 
Mincralofjie, 1870, 1) to the mineral which gives the colour to the green diabases of 
the Voigtland and the I'rankonwald. Tlii.s mineral w'as regarded by Liobo, as a 
distinct specie.s, but Kciingott {ibid. 1871, 51) has shown t£it it is identical with 
chlorite (p. 323). 

9ZRBR8B. This rock, belonging to the greenstone family, is a compact mixtMO 
of one or two felspathic minerals with augite, and usually also finely diWdod chlorite. 
It is especially characterised by the entire, absence of quarts;, and the rarity of the 
presence of mica. 

The felspathic constituents are the most abundant, and appear, sometimes in ciystals 
more or less distinct, sometimes in tabular particles, sometimes massive, with a white, 
greenish-white, or greyish-white colour. They consist of a triclinic alkali-felspar, 
namely oligoclaso, and a lime felspar probably hibradorite. The augite is next 
proportion, and has a granular, prismatic, or acicular structure, and usually a green or 
black-brown colour. The proportion of lime in diabase is equal to that of the magnesia anti 
ferrous oxide taken together. The chlorite, whicii is the least abundant constituent, 
imparts to the rock its green colour, and impregnates it, usually in very fine earthy 
particles, sometimes in scales. When it is rli.ssolved out by hydrochloric acid, theiwk 
lx!comc.s paler in colour. The more fine-grained the mass, the greater is the quantity 
of chlorite contained in it. 

Titaniferous iron ore, magnetic iron ore, and apatite, are also cx>nBtant constituents 
of diabase, and calcium carlionato in usually present in imperceptibly small pj^ejes. 
Accessory constituents are iron pyrites, magnetic pyrites, copper pyrites, actinolite, 
asbestos, ferrous carbonate, axinito, cpidoto, olivine, horoblende, mica, diallage, 
few zeolites. The titaniferous iron, apeatito, and chlorite, are more or less solublo m 
hydrochloric acid ; the felspar and augite are insoluble. 

Diabase forms beds and veins in the palmozoio formations, occurring especially in 
Nassau, in the Hartz, the Voigtland, Upper Franconia, Westplialin, Devonshire an“ 
Norway. It is usually regarfled a.s an eruptive rock, but sometimes occurs strata, 
resembling the sedimentary deposits and passing into them. fi, r 

Transitions iVbm diabase to sei'pentlno liavo oLso been obscrvedi and, on the ptno 
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DIALLYLENE -DIAZOC YANOBENZENE. 


Jisind, alterations of it more or loss atlvaneo<l, nro known, forming aplianites and other 
diabase conglomcratos, and ahiioml stones. 

Diabaso has a specific gravity of 2'8 to 3*1 ; begins to turn yellow when liouted to 
200°. It exhilnts the following varieties of structure. 

1. h'ine-^ained diabase. 2. Coarse-grained, resembling granite in appc-.arano(- 
3. Porpliyritic, containing crystals of labradorite, oligoclnso andaugito. 4. Comiwct 
containing a considerable proportion of chlorite, and of grey-green, dirty-green, or 
blnckish-grecn colour, 5. Slaty diabase, very licli in chlorite, and often vory fim.. 
grained. 

The table on page 425 conUiins the most trustworthy analyses that have boon made 
of diabase. (E. Sonftnr, J. pr. Chem. [2], vd. 227.) 

DXAUTUWS (L. Henry, J)euL Ch^iu Gcs. Ber, v. 449). When diallyl tclrn- 
bromide is heated with solid caustic potash, it is converted into dibroino- 

diallyl, and this product, heated with alcoholic pob-ish, gives up 2Hl5p and 

i* converted into thecgmponnd C“I1® isomeric with benzene. This compound is called 
T>y Henry diaUyJcne^ a name which more properly belongs to the hydrocarbon C“ir, 
jiiasmuch as allyleno is CHI>. 

BZAMXDOBTBRZXr. Boo Ckotuiydrtns (p. 319 .) 

BZAMYZdBIBrS. Bco Amylknr, (p. G4.) 

BZAiPBORZTB. Sec FufjsIvEDenitk. 

BZASPO&E. E. Hermann (J. pr. Chem. [2], vi. 70) has analysed three varieties 
of diaspore from the emery vein near Miamarsk in the district of Katharinenburg, 
Eiissia : a. Brown-yellow, strongly lustrous laminse, grown together in cellular groups; 
h. Milk-white, yellowish or brownish, parallel-fibred, in narrow veins or threads in 
the emory, the fibres at right angles to the walls of tho veins ; c. Broadly laminated 
groups of grey colour: 




A1=0=* 

Fe’O^ 

n^o 

P’0“ 

Bp. gr. 

/e 

. 

. 77-96 

6-60 

16-00 

0-46 « 100 

3*40 

b 

. 

. 77-90 

6-50 

14*00 

1*60 « 100 

3*23 

c 

. 

. 67-15 

5-00 

16-00 

12-85 = 100 

3*35 


All three varieties contain phosidioric acid, which has also been found by C. U. 
Shepard (SUl, ^nn. J, [2], 1, 96) in diaspore from Chester County, Pennsylvania. A 
Well defined crystal of sp. gr. 3'343. semi -transparent, of hair-brown colour pausing 
into violot, was found to contain 83'50 p.o. APO^ 0’38 FeO, 15’80 H*0, and 0’32 
P-0’, with traces of manganese. 

X>ZAZOBEXirZ8irBf 0®II^N*. Tho nitrate of tliis baso dissolves readily in a 
solution of potassium bisulphite, the liquid becoming hot, and sulphur dioxide being 
given off. On cooling, tho liquid solidific.s to a magma of yellow crystals, which, by 
recrystallis.'itioii fix)m boiling w'atcr, arc obtained in tho form of colourless shining 
scales, having the composition C*H*KN*SO® + 11-0. This salt does not pplode 
when heated, and yields neither ammonia nor aniline when heated with soaa-lime. 
Heated with nitric acid it yields sulphuric acid. When barium chloride is added to 
tho hot solution, the siilt Ba(C*H’N-SO’)* fleparates, on cooling, in colourless hydrated 
crystals. Wh(*n silver nitrato is added to the .solution of the potassium salt, metollic 
silver is precipitated, and the yellow solution yields, on evajioration, fine yellow shining 
plates of a silver salt whicli explodes gently when heated fStrecker. Beut, Chm, Ges. 
Ber,iv.7Sf). r j v 

When diazobcnzone-.sulphonic acid is treated with potassium bisulphitOt tho aoid 
C«H"N*SO* is formed according to tho equation : 

C*H<N*SO» + 2nKS0> + 2mO « H’^SO* + K*BO* + C^IPN^SO*. 

This acid crystallises from boiling water in colourless shining needles or plates; dws 
not yield sulphuric acid when boiled with nitric acid ; and gives off only half it* 
nitrogen as aniline (or ammonia) when heated with soda-lime. Its barium mU 
Ba(C®HjN*SO*)* + 611*0, obtained by boiling the solution with barium carbon^^ 
crystallises in long, lancc-shjipcd, light yellow needles. The lead salt Pb{C®H’N*S0') 
+ 2 IPO forms small white crystals. The acid reduces silver and meremy salts ; iw 
salts are isomeric with those obtained by the action of bisulphites on diaaobenzene 
nitrate (Strecker). 

sxABooTJurosamnra, C’H>n> » c«h^cn)K< (Gness, 

Ber. ii. 360). This compound is formed as a nitrate, C^H*N*.NO®H, when aimflo* 
bcnzonitril (Isl Suppl, 626) is treated with excess of nitric acid containing wttow 
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• pill The nitrfito forms explosive nooiUes op prisms, sparingly soluble in cold vatL'P. 
Tlie solution gives, avith platinic chloride, reddish-yellow needles of a platinoeliloride, 

. , 1,1 with Jiuric chloride tan oil whicli solidifies in delicate laininn^. With a solution of 
i'.roininc in hydrobromie acid it forms a porbromido (’MF(CN)N"Jl]3r* which 
•v iilliscsin indistinct a'cllowish-rod prisms, and when treated with 'aqueous ammonia 
is a'nviTlwl into dinzocyiinobonisoinmiO «. 0“jP(CN)\^XII : 

C“ll’(CN)X=HI!i-» + = aXU'Ilp + OTP(CX)X-.NU. 


'fho platinochlorido, distilled with dry sodium carl)onatii, yields chlorobenzo- 
iiitril, C*JT*(CN)01 (i. 664), in white needles melting at 30°. 

The aqueous solution of the nitrate, mixed with hydriodieacid, deposits iodobeiizo- 
iiitril or iodocyanobonzeno, C''IP(CN)I, in wdiite needles melting at 41°, smell- 
inn- like bitter almond oil, insoluble in wat-or, easily soluble in alcohol and in ctlier. 


C®1I*(CN)N', formed by the action of 

nnucous mnmonia on dinzoeyanobeiizcne-perliromide, is nearly insolublo in water but 
laMlv soluble in w-arin alcohol, fi-om which it crysi.-illiscs in long sulphur-yellow 
umnis melting at 57°, and detonating when strongly heatctl ((iriess). 


DZAZOPBSirOK. Soo Phk.X()L Derivativks. 


DlAZOPBEWn-PBOPZOJrZC ACZ3>. 800 PiiKNYL-PliOriONlC Acil). 

DIBEWZ-raCABBOXYEZe ACZB. C«^lP=‘.COOII (Wiirt^, Compf. 

vend. ixx. 350). An aeiil produced by the action of sodium -amalgam on a mixture of 
ln'iizyl cliloridfl and ethyl ehlorocarboiiato, 2 mols. benzyl chloride probably uniting 
togi-tlii-r, with evolution of liydrogeii chloride, to form chlorodi benzyl, 

(y-lP— CIP 


2(C'‘H-‘--CIPCl) 


ITCl 


enp— ciici 


.'lad this compound being converted by the sodium and chlorocarbonic ether into tho 
1 ‘tliylie ether of dibenzylcarbox^dic acid : 

+ C()Cl(OCTP) -f- Na- 2NaCl + C‘<H«.COOC-m 

252 grams of benzyl chloride, 108 grams of cliloriK-arbonic ether, and 8 kilograms 
of 1 p.c. sodium-amalgam are placed in a flask prbvitled with reversed condenser and 
lu;.'iteil ill a salt-water bath t ill the mass becomes solid ; water is then added, tho 
wliolo shaken with ether, tho ctlicr distilled off, and the rcsidiio saponified by heating 
it willi potash to 180°. On adding an acid to tho alkaline liquid a viscid mass sepa- 
rates, from whicli boiling water extracts dilicnzylcai’boxylic acid, to be purified by 
rccvystalliK.'itioii from water and alcohol. 

liibenzylcarboxylic acid is nearly insoluble in cold water, slightly soluble in boiling 
water, easily soluble in alcohol and ether. It imdts at 84°, gives off aromatic ami 
irritatiTig vapours, and volatilises at a higher temperature. Its salts linve but little 
iin liiintion to crystallise. The cahimn salt, Ca(C'*H**0'-)’, is soluble, and the solution 
whim Jieated becomes coverwi with a film, Tho lead salt, Pb(C‘^lI'"()-)% forms a thick 
white precipitate molting at 146°, Tho «i7t;cr C“H*®AgO=, exhibits similar cha- 
racters. Tho calcium salt dist illed with an equal weight of quick-lime gives off a 
nii,\tnro of stilbeno and dibeiizyl : 

Ca(C'*II'»0-’)* = CaCO* + CO + C^Il'* + C'*U}\ 

BZBZSWZTXiZC ACZB, C“*H**0*, is formed, togolher with other products, by 
hosiling benzilic acid to 180° for some hours. A deep red liquid then distils over, 
which solidifies on cooling to an amorphous mass. This substance dissolves easily in 
■ilcohol, and tlie solution yields a number of crystallised bodies, amongst which are 
dibenzylic acid, benzophonoiio, and a body having the composition C’'‘II**0=. Benzilic 
acid heated with phosphoric anhyilride, also yields dibonzylic acid, together W'ith a 
Viscid non crystallising oil which, when hoatod with wMter to 200°, or when boiled, is 
reconverted into benzilic aetji (Jena, Ann, Ch, Pharm. civ. 77). 

BZBBirzrB^GVAirZBZBrB. Soo OuANXDlltR. 


BlBSKZn-PBOBPBZirB. See Phosphines. 

BXBBirZTXi»irBBAa Sco BbnzyIi Ureas (p. 181). 

nXBBBXYB-SVBPBintBA, or BZBBBrZTB-SUXiPHOqABBAMZBB, 

heating an alcoholic solution of beni^himine In a flask 
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with rcversod condenser as long ns hydrogon sulphide is given off. On evaporatinv 
and repeatedly crystallising the residue from alcohol, dibon:syl-sulphurea is obtained 
in large four-sided shining plAtos. It melts at 114°, dissolves ia alcohol and ether 
but is insoluble in water. When heated with mercuric oxide, it is converted into 
dibonzyl-urea (fcstrakosch, Deut. CJiem. Ges. Her. v. 602). 

BZBKOMODZPBBVTXiOASB/LmBB. Sue Fuentlcabbamides. 

BZBXOMOnTBOPBEirOBS. See Phenol Derivatives., 

BZBVTTBABDZirE, C"H”Nq. A base formed by the union of 2 inols. butyric 
aldehyde C^H^O, aiul 1 mol. ammonia NH®, with elimination of JPO. It is obtained 
together with totrabutyraldiuo, by treating butyraldehydo with alcoholic ammonia for 
two months at 30°, or for one day at 100°. The mode of separating those bases nnd 
obtsiiniug coninc from the dibutyraldino has been already described (p. 380). Neither 
diimtyraldino nor tetrabiityraluine appears to have been obtained in the pure atato 
(8chiff, Ann. Ch. Phann. clvii. 352 ; I)eut. Chem, Ges. Ber. v, 42). 

BZCABBOBAPBTBABZC ACZB. is obtained by boiling 

dicyanonaphthahirie (from bromonaphthaleno-sulplionic acid) with potash-ley, ami 
precipitating with liydrocliloric acid. In the pure state it forms microscopic no.arly 
colourless needles, which do not melt at temperatures near 240°. It is nearly in- 
soluble in ])oiling w'ater, but dissolves more easily in alcohol. Its hariwai salt. 
C'®Il“.(CO-)'-I5a + 2H'‘'0, forms small granular crystals, very sohiblo in water. Tlie 
solution gives, with ferric chloride, a light yellow precipitate of an iron salt nearly 
insoluble iu hot water. The copper salt separated in like munuer forms groups of 
small needles; the lead and .diver salts aro sparingly soluble precipitates (Darinstiidtci’ 
a. Wichflhaus, Jakresh. 18C9, 477). 

BZCikXBOXr'rZi CBZiOBOPBBTZVZTE. See Pr^tTiNiTM Chlorides. 

BZCikBBOTBTBAPBEXffTXi-TOBinrXiEBB-BBXAIlIzn. See Guani- 
dine, 

BZCBXiOBETBTB OXZBB. See Ethyl OxmK. 

BZCBBOBBTBBZir. .See Chlorhydrins. 

BZCBBOBOiaZOirOirTBZjr. See Nitrsis. 

BZBZBTBACTAMZO ACZB. See Lactamic Acid. 

BZETHCZEM. This metal has been detected in pyromorphito from Cumberland 
(C. Home, Chem. News, xxvi. 109). 

Tlih method given by Erk {Zeiischr. f. Chem. [2], vii. 100), for the separation of 
cerium from' didymium and lanthanum has been already described (p. 273). To 
separate didymium from lanthanum, the solution containing the two metals is pre- 
cipibitod to tlio extent of ono half with ammonia, and the washed precipitate is 
left for a day at the ordinary temperature in contact with tko rest of the solution, the 
whole being frequently stirred ; the lanthanum, boing the stronger base, then p^ses 
into the solution in predominant quantity. The lantliunum solution thns obtained 
is again half precipitated and treated as above. After the second treatment, the 
solution gives but slight indications with the spectroscope of the nbsoiption-bandB of 
didymium, and after four such fractional precipitations, the didymium lines are 
longer visible in a column of the solution 30 centimeters long. Tiie solutions rich m 
didymium are treated in the same manner, and the intermediutu solutions are mixed 
together and separately treated, A didymium solution is regarded by Erk as 
from lanthanum, when, on precipitating the greater part of the oxide with ammoain, 
and treating it as above, no difference of colour or of atomic weight can bo found 
between this precipitate and the oxide precipitated from the filtrate, ^ . 

For the separation of didymium ana the other cerium metals from ^triiim, Er* 
makes use of the property possessed by the cerium metals of farming sparingly 
double sulphates, whereas the corresponding yttrium salt is easily solublo (i. oW 
The whole of the cerium, and the (greater part of the lanthanum having been s^rotw 
as above, the didymium oxide is dissolved in nitric acid, and boiled with a modereteiy 
concentrated solution of sodium sulphate, aud the same treatment is repeatedly appuw 
both to the precipitated didymium sulphate, and to the oxides which xon»in in 
whereby the whole of tlio didymium is ultimately obtained in the precipitato» a^w 
yttrium in the solution. In the separation of didymium from lanthanum, the Jttn 
IS found chiefly in the solutions of didymium most free from lanthanum. - . 

Sal t «.*— The chloride czystallises from aqueous solution, aocorling to 
Chem. Ixxxii. 386), in granular masses containing DiCl* + 4H*0. Zschiesche, oo Ja 
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other hand evil. 65), obtained distinct monoclinic crystals 'which, afror ilryin;; 
over oil of vitriol, had the composition Did* + 5H®0. Tho nitrate crystallises with 
411-0. Tho sulphate crystallised from warm water has, according to Zschicscho, the 
composition DiSO* + 3H*0, whereas, according to Her- 
jnaiin, Marignac and Rammelsberg, it contains DiSO* + J1I*0. Fia . 1 3, 

xi the dark brown peroxide Hermann assigned the 
formula Di“H”. Zschioacho doubts this formula, especially 
as this oxide is converted by strong ignition into the ash- 
frroy monoxide — so that it is scarcely possible to obtain the 
peroxide quite pure by ignition in tlie air. 

Jihsorpiion-specirum , — A concentrated solution of 
pure didymium nitrate, 4 centimeters deep, exhibits a 
^pc'ct^um containing seven dark bands, tho xclativo posi- 
tions of which are seen in figure 13, the lottcTS in tho upper 
line indicating some of tho principjil Fraunhofer lines, D 
coinciding witli 42 on the scale. 

This spectrum agrees in the main with that described 
by Ihilir and Uunsun {Ann. Ch. Pharm. cxxxvii. 1). 

Tho smaller the quantity of didymium in solution, tho 
fcwi-T fire the dark bands seen. In very dilute solutions, 
only till! band 46 in the yellow and 64 in the green (ob- 
served some 1 inu! ago by Oladstono, ii. 322), are visible, 
and of these the former is always the stronger. These two 
l.Minds allbnl tlie best indication of the presence of didy- 
iiiiiim in a lanthanum solution (Erk). 

Equivalent and Atomic Weights . — To determine 
the cquiviiUnt wciglit of didymium, Erk precipibited a 
W'ighed qijantity of the auliydrous sulphate with am- 
inoniuni oxalate, and ignited tho oxalate strongly before a 
Riis blowpipe fiamo till it acquired u constant weight (the 
loss of weight of tho platinum crucible by ignition being 
hikcn into account). Tho equivalent 'weight thus deter- 
mined ivas I)i = 47*45, 47*43 and 47*82. Zschiescho(e71 pr. 

Ckflm, evii. 65), from tho analysis of tho sulphate, found 
tho numbers 46-885, 46*72, 47 68, 47*93 and 48 08, the 
highest of which lie regards as the most exact. As a 
mean of all these determinations tho number 47*5 may bo 
reganlcd as a very near approximation to tho true 
cq n i vfi lent weight of didymium. 

If, then, didymium bo regarded, according to the ortlin- 
nry view, as a dyad metal, forming the compounds DiCl-, 

IliO, &c., its atomic w-eight will bo 05. Meiidelejeff, 
however, for reasons already explained (see Ckuitk Mktai..s, 

P- 273), regards tho salifiable oxide of didymium as a 
w'squioxide, Di®0*, and accordingly assigns to didymium an 
atomic weight equal to three times its equivalent weight, 
that is 3x47'5 » 142*5 [or 138, if tho older equivalent 
46 bo adopted]. Acconling to this view the hydrate of 
didymium will ho Di(01l)» instead of Di(OH)* ; tho 
chloTido I)iCF.6H-0 instead of DiCl*.4H*0, tho snlplmte 
IMSO^)».8H=0 instead of 3DiS0^8H=0. and the doublo 
Miipiijitcs will have formulm analogous to the iiluins, c.g. 

Mendeltgcff's reasons for tho proposed alterations in tlio 

omic W'cights of tho cerium metals, together with Ram- 
iv 273 )^ ** objections to them, liavo been alreaily considered 

BXBTBOXn - 

f atfrx; 

Etheus. 

^MaxHTXAZAoaTABnma. 


nsosns. 

Seo PyKosuLPiiornos- 
Sce EiiirLDiACETic 


^HTnXkXOBTOlTB. Syn, witli Dipbopyl Kbto>'E (j* «.) 

^^■VBn«9IOXTBamOZO AOIB. Seo Dioxtbexooic Acid* 
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BnTKir3BiXIIBXrB-&ACTAl«ZC and DXSTBTKBMTB-UCTAlltlc 
ACXBSm See Lactamic Acid. 

BXBTBn-PHOSPBXMrXC ACXB. Sue PuoSPHiNic AclDS. 

BXBTBTB-SmLPBTmBA. Scu Sui.r]iocAunASiiDES. 

BXFPVSXOXr. See Gasks. 

BXOABXiZC ACXB. See Tannic Acids. 

BZCUSBTXOB, ABlMAXi. (Kiihno, Physiulogischo ChemiCy Bd. I.; Scliiif, 
Sur la Physiologic de la JJigestioh), 

The action of saliva upon raw starch is very incomplete (Scliiff ), for while it is 
capable of converting boiled starch coiripletolj' into dextrose, it acts only upon tlio 
‘ grariulosc ’ of viivr sbircli, leaving the ‘cellulose* layers of the granules quite iin. 
changed. 

In .spite of much attention during the hist few years, the digestion of protcids in 
the stomach is still rerj- imperfectly nnderstootl, neither the exact products nor tliu 
theory of the pi-occss being at all clear. The products vary somewhat with the 
protoid digested, and witli tlio quantity of pepsin or free acid in tlie digestive fluid, 
but, speaking broadly, they consist of several diflfiisibh: forms of jjrotoid, known jis 
peptones, and an iiidifFusible form— wliich is insoluble in water, Init 
soluble in diluts acids or albilis, au<i, in fjict. appears to agree in all its propcitit n 
with syiitonin, except that it is incai)ablo of undergoing peptic digestion. Thus, if 
boiled blood fibrin bo sulirniltcMl to artificial ])eptic digestion, a solution is obtained, 
which is at first opalescent, but by longer dige.stion becomes clear, and on neutralis.-^ 
tion yields a precipitate of parape}'tt>ne. 

The filtrate from this prei-ipilato coiitain.s three fiirms of peptones — known as 
Meissner^s «, 6, and c pcpl oncs. The rt-peptono is characterised by being precipitated 
by nitric acid, and, in a solution slighl ly ;icidulatod witli acetic acid, by ixjfeissicfcrro- 
cyanklc; the ^-peptone is not procipib-ited by nitric acid, and by j^tassic ferrocyunido 
only ill a solution strongly acidulated with acetic acid; and tho c- peptone is precipi- 
tated by neither of tho above reagents. (For the general properties common to nil 
poptoiic.s, see PuoTEiDS.) Sometimes an additional, iion-dittiisible form of protcid— 
viefajjeplon'^t is present in the solution ; it appears to Ikj imperfectly formed peptouo; 
by prolonged digestion, part of the parapeptono is converted into another bixly, 
dyspeptnne, which is insoluble in solutions containing the same percentage of free acid 
as gastric juice, and is accordingly precipitated as it is formed. 

According to Mei-ssiier, tho process of peptic digestion consists first, in tho form- 
ation of a solution containing a form of proteid insolublu in pure 'water, whether or 
nob tho original proteid was soluble, and then in tho splitting up of this product, into 
parapeptono and the a, by and c peptones, of which latter ho considers the r-peptone 
the final or most coinplcb'- form. This view i.s, however, opposed by tlie fact that the 
quantities of p;ir.‘ipeptouc and peptones bear no constant ratio to one another, hut vary 
almost indefinitely with tlie strength of the digestive fluid, tho temporatui’O at wliicli 
.the process is carried on, &c.; and as all the products of peptic digestion can he oIj- 
tained from proteids by simple prolonged boiling with pure water, the pepsin is, per- 
h.aps, rather to bo regarded as a fimnent, active in acid solutions only, and capable et 
adding th(^ elcmonts of water to protcid bodies, and causing them to break up i" 
various ways. 

With other proteids than blow! fibrin the process of pcx>tic digestion is similar in 
the main, though in some cases tlie jicptones and parapeptone pi-oducccl present slight 
differences. Haw white of egg digests only after previous conversion into syntonia, a 
pr^ess which is very slow under the conditions obtaining in tho stomach (Kiilinc), 
boiled white of cgjj digests without undeigoiiig this previous change. Syntonin imder 
peptic digestion yields, besides the ft, and c peptones, a fourth foim which 
I'l^om them in being precipitated from its solution by cupric sulphate. Tho coagulntio” 
of .the casein of milk whicli occurs in tho stomach is not due to the free acid, for it « 
produced equally well by neutruliscil gastric juice (Scliiflf); neither is it due to tno 
pepsin, but as boiled gastric juice loses this power, it is probably duo to somo other 
ferment not yet isolated. 

Peptic digestion is at once cliockecl when the food enters the intestine; this 
chiefly to tlio bile, whicli not only reTidciw the chyme alkaline, but prccipit«t«^^*”J 
peptones it may contain in rolulioii, anti these, in falling, carrj' the pepsiu doun 
with them mechamonlly (Burkard). 

In Uio small intestine the digest ion of proteids is nm inly carried on by the 
creatic secretion, whi^, besides its ferments converting starch' into glucose and b*w**^o 
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up fats, contains a third, which in alkalino solution first converts ordinary protcidsinto 
peptones, and then by further action breaks them up, tyrosin being one of the chief 
products. 

The secretion of the mucou.s mombrann of the small intestine, which is obtained pure 
bv Thiry’s iiietliod (Iftcji. Akad. Ber., Bd. I.), according to most oTiscrvers, dissolves 
#i!)rin. but no other proteid (Tliiry, Louie, fcSehiff ) ; it also readily converts starch into 
^diicosc, and in the dog, rabbit, and pig cont;iiiis an additional ferment which converts 
caiiO'SUgiir into glucose, but which absent in the sheep and calf (T*asclmtin). 

The question of the changes wliich fats undergo in the alimentary canal is .still very 
obscure ; a part of them is no doubt, saponified, but it seems probable that the greater 
portion will ultimately bo found to undergo no cheinie.nl decompu.sitioii, but to bo 
.simply oTTHilsilicd by the bile and pancreatic juice aiul tlien directly ingi^sted as small 
mobriiles by the epitbeliul cells, and passoil on bv llieni to the commencing Lncteals. 

H. N. M. 

DUt&YCOlb&AMZC BZVRAMZDE. See LiunAMiUKS. 

BZOLTCOUZC ACZB. On tlic constitution of this acid, see Kolbe (J. pr. Ckem. 
[2J. ii. 1186 j HeiufE, ibid. iii. CO, 120; Chins, ibid. iii. 123). 

DZBTBBACBYliZC ACZB. See Hyduac'ktj.ic Acid. 

« 

BZ&ACTAMZG ACZB. See Lactasiic Acid. 

DZLZi CABVOZi. See Oils Volatile. 

BZMSTHYB. Sec Mki iiyl. 

DZEOITYB XSTOBS. Syii. with Caprone (p. 2ol). 

• DZOPSZBE. Chronic-diop.side from tho olivine rock of the l>asalt of the Dreiser 
IVuilicr in the Eifol, contains, according to Bammelsberg Ann. cxli. 516), 

RiO* Al“()“ Cr=0’ Mj?0 CiiO FcO 

4071 7‘42 2-Gl 17‘84 17*39 6*03 = 100. 


These imnibcra nuiy bo represented by tho formuLi nKSiO".(Al; Cr)“0*, in which 
llJl - Eo + GMg + ‘iCa. 

BZOBMOSB. See OsaiuSK. 


BZOXYBBBZOZC ACZBS, C'lDO^ This formula includes protocatecliuie, 
ciirbohydnxjuiiionic, and hypog-nllic acids (iii. 239). 

(1.) Proiocaieokuia acid has been shown by Barth to bo producible both from 
oxybcnzoic and from paraoxybcnzoic acid (Isi SuppL 976 ; also Ikut. Chem. Gcs. Ber. 
V. 633; Churn. Soc. J. [2], ix. 829), namely, by converting the oxybenzoic into a sul- 
phoxybeiizoic acid by treatiiiont with sulphuric iicid, and decomposing the latter with 
potash. The quantity of prot(xMtocliuic acid produced from jiaraoxy bon zoic nckl is, 
however, much less than that from oxybcnzoic add, a less solnblo acid, wliich gives a 
rwl rc.'iction with ferric s.alt.s, being formed at the same time, probably by tho action of 
the potash on an isomeric sul]iho-acid. 

Assuming, now, that the radicles CO*H and Oil occupy in paraoxybcnzoic acid the 
1 • oxybenzoic acid l.J 3, the positions in protocatcchuic acid must 


Oxybenzoic . 
Paraoxybcnzoic . 

C« 

6 

H 

s 

H 

4 

Tf 

OH 

2 

H 

1 

CO*H 

C» 

H 

H 

OH 

H 

H 

CO*H 

I'totocatechuic . 

c* 

H 

H 

OH 

OH 

H 

CO^H. 


i ow ppotfjcatechuic add, when subjected to dry distillation, yields always, and solely, 
Pyuicatpclijn. IIoiico, if tho above forniuLi of protocatochuic acid bo correct, tho tu'o 
in pyrocatcchiii mii.stbonttiu.*hcd to contiguous carbon-atoms (3 : 4 or 1 : 2), 
I . case, since these radicles occupy in resorcin the positions 1 ; 4, they must 

'Ue, in bydroquiiioiio, the positions 1 ; 3. On the other hand, if, iis Qralebo supposes, 
(or hydroquinoue is 1 : 2, then that of pyTOCatccliin must bo 1 ; 3 

I • 2 I “cid must bo 1 : 2 : 4, and that of oxybcnzoic acid 

Uii*v«' ] ^ is contradicted by Meyer’s experiments (p. 133), which 

:iciff 1 • 3 ^” position-formula of salicylic acid is 1 ; 2, and that of oxybcnzoic 


4 acid is prepared by heating 1 gram of protocatechiiic acid, 

iir-i cf" iodide, and 1 gram of pure potsissium hydrate with metJiyl alcohol, 

e.'iied tube to 140® for somo hours. The liquid portion is filter^ from the 
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];)0tH,&iBiuni iodide, the alcohol evaporated off, and the oily residue bulled for some timo 
wiUi dilute soda-ley. After cooling, tho liquid i.s acidulated with sulphuric aeid l^v 
which moans a ilocculont deposit of the now acid is produced. This is shaken up >vitli 
ether, and.tlio insoluble residue repeatedly crystallised from water. It is obtainurl in 

fCOOH " 

glistening white needles having the composition C*H*-( OCH*. It molts at I70®-I7io 

(OCII* 

a.nd docs not sliow the characteristic iron reaction of protocatcchuic Jieid. By distin,^. 
tiou with liino, it gives rise to an oil, boiling botweeii 210° and 215°, and haviri'r tin* 
composition of dimethjd-pyroi'atcchin : C*H\OUil*)®. 

The acid is converted by bromine intobromodim ethyl -protocatochuic acid 
C"IPBr.(OCH")-.COOH, which crystallises from water in needles. ’ 

(OOOH 

Bicth^ljprotocatcchuic acid is prepared in a similar manner to tho 

( OC®H* 

dinietliyl-aoid. It melts at 1 49°, and gives no reaction witli ferric chloride. By dry 
distillation it yields an oil, probably consisting of dietliyl-pyrocatechin. 'Witli 
bromine, it forms a crystalline product, oxbibiting the composition of a luixtiiro nf 
mono- and di-bromodi ethyl -pyrocatoehuic ai*id (R. Kotdlo, Ann. Ch. Phann. clix. 240). 

(2.) Dioxy benzoic acid^ 1 ; 2 : 4 (Max Aschcr, Dent, Chem. Ges, Her. iv. (MO). 
This modification is pro<luccd by a scries of transformations from paranitrolmno. 
C‘'HH(NO-)HH(CH*). Tliis body, treatofl with fuming siilpliuric acid, is convertid 

(OU* 

into uitrotoluenc-sulphonic acid C«I1® - SO*H, in which, also, tho radicles aiul 

|ko= 

NO* occupy tho paraposition 1:4. To dt'tcrmino the relative j^osi Lions of the nuliclcis 
CH* and SO*H, the nitro.sulpho-acid was converted into the corresponding amido- 
sulpho-ocid, and tlii.s into tho diazo-compound by treatment with nilroiis acid uiidop 
alcohol ; and t^e diazo-compound was boiled W'ith absolute alcohol under prossuii!, 
whereby the nitrogen was eliminated and replaced by hydrogen. By this means, a 
tolueitO'Siilplionic acid is produced, tlio potasshiiri salt of which, when fused witli 
potiish, yields a liquid cresol, and this, when extrficted with ether and re]>euted]y fused 
with pota-sh, is converted into Milicylic acid. Now in salicylic acid, as appears from 
Meyer*s experiments (p. 133), the relativo^position of tho radicles CH® and OH is 1 : 2; 
this, therefore, must also be tho position of the CIP and SO*H in the toluonesulphonii*. 
acid from which it was obtained, and therefore, tho position of tho CH®, S0*H, ami 
NO® in the iiitrotoliioncsul phonic acid must bo 1 ; 2 : 4. 

Salicylic acid . . . C* H H H H (OH) (CH®) 

Toluenesulphouic acid . C® H 11 H H (SO®il) (CH®) 

Nitrotoluenesulphonic acid C® H II (NO®) H (SO*H) (CH®). 

To convert this nitro-.acid into diozyliouzoic acid, it was first converted, as above, 
into tho corresponding amido-ncid, then into tho di (azo-compound. Tho latter is 
Boluldo ill water, insoluble in alcohol, not easily acted upon by alkalis, detonates 
slightly when heated u}X)ii platinum foil. Whim boiled w'ith water, it gives off 
iiitrogoii, and is conyertod into a crosolsulphoiiic acid C®IIJl(OH)Tr(SO*HXCIl*) 
or 1:2:4; and by fusing tho potassium salt of this acid with potash, the 
sulphuric acid residue SO®II is replaced by Oil, and at tho same timo the metliyl* 
g^up CIP is oxidised to carboxyl, the product being tho corresponding dioxybon- 
zoic acid C®HH(OH)II(OH)(COOH). 

To extract the acid, the ftised nuiss is acidulated and sliakon with ether, ond tho 
ether left to evaporate, whereby the acid is obtained in needles still retaining phoiiolw 
impurities. To purify it, tho ethereal residue is dissolved in water, tho filtered elu- 
tion precipitated with lead acetate, and tho lead precipitated by hydrogen sulphid®* 
the impurities being thereby removed from tho solution, together with the lead snl- 
phide. The filtrate is a colourless liquid from which tho par.adioxy benzoic acid niijy 
lie extracted with ether. It crystilliscs in stclLato groups of noodles which contain 
3 mols. water, and molt at 148°. When dried at 120° it gives off all its water ot 
crystallisation, and the dehydrated acid melts at 194°. It sublimes readily in 
wMto noodles, which also melt at 194° ; dissolves readily in water, alcohol, 
and produces with ferric chloride a fine red-btown coloration, ^l^eso chajiWJ 
sufficiently di.stinguish this modification of dioxybenzoio acid from piotoc^ochuic 
which czystallises with 1 mol. water, gives off its water at 100°, molts 
drated state at 199°, and gives with feme chloride a dark blue-green 
^ic aeid<^, 239^), also gives a blue colour with ferric chloride^ 

Ij mol. iraler, becomes anhydrous at 100°, and molts at atjout IftO®. 
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ainnonio acid (iii. 214), ^stallises -wifeli 1 mol. vater, ‘which it gives off at 100°, 
iHclls at 207® (oorr.) and is insoluble in ether. Oxysalicylic acid^ obtained by boiling 
inono-iodosalicylic aeid with potash (iv. 320), crystiillises in anhydrous needles which 
tnclt at 193°, and gives a deep blue coloration with ferric chloride. All these acids 
are, therefore, distinet from dioxybcuzoic aedd 1:2:4. 

liirth a. iSenhofcr {Ann. Ch. l*harm. clix. 217 ; elxiv. 109), have obtained another 
modific.ition of dioxybeuzoic acid, prob.ably 1:3; 6, by the action of melting potiish 
on the polassiinn salt of ilisulphobonzoic aci^l (prculuced by heating benzoic acitl with 
hydrogen sulpluite and phosphoric anhydride to 250^^ in sealed tubes). On treating 
the fused mass with an acid, exhausting with ether, and evaporating the ethereal solu- 
tion, the dioxybeuzoic acid is obtained in long prisms very soUiblo in hot water, also 
in nlt’oliol Jiiul ether. It is distinguished from protocatechuic acid by its crystalline 
form, l»y not giving the blue-green coloration with ferric chloride, and not being pre- 
Hpitntc-d by ncutr.'d lead acet.atc. In the air-dried state it contains C®ll*(OH)".0dOII 
+ 1-.VTPO ; it givi.'S off its water at 10o°. and melts at a te,mpcrn.tiire above 220°. 
Heated with strong siilpliuric acid, it dissolves to a red liquid, which deposits a green 
].owder on addition of water. Its salts crystallise moderately well ; most of them give 
r>ff their water of crystallisation at 105°, the copper salt, liowcver, retains a portion of 
it cA'CTi nt 110°; 

Sotliuni salt CaPNaO* -i- H=0 llariiim salt C"Tl»“HaO« + 4lPO 
.Silver salt C’H»Na()« + IPO C.idmiuin salt C'HP"CdO* + 4iIP() 

(Copper salt C'*ir®CnO‘ -t- 6J1PO. 


The cthylic tilin' (.)‘JP(r!“IP)0‘ prepared by passing hydrogen chloride into an 
{vli’.oliolic solution of the acid, remains on evaporation as a syrup which crystillises 
from water iii groups of long prisms having a vitreous lustre. It melts at 100°, and 
n mains transparent ami amorphous for a long time after cooling. 

This modilical ion of dioxy benzoic .acid ditflirs from all those previously known, in not 
yldding by dry distillation any of the known diliydroxylbciizencs, but a yellow body 
Pill led nnl.hraclirysono, formed from it by dehydration and condensation; 

'iCHr'd* — 211*0 ^ • C"H"0®. Tins Iwdy, which is also formed by hetiting the dioxy- 
bcnzoic ,'i.rid to 120°--140° with siilplmric acid, is, in fact, a tetra-oxyantliriiqninone, 
.‘iikI its formation is analogous t.o that of rufigallie acid from gallic acid, ami tlnvt of 
niflopiri from o]iianic acid (p. 8(i). 

T^ionohromodioxyhinzolc acid, is produced by adding a sufficient quantity 

of hromiiie-water to a cold aqueous solution of tlio last-mentioned modificatioii of 
<lioxylH!nzoic acid. On evaporating Uie solution and crj-stallising tlio residiiu from 
hot water, monobromodioxybciizoic acid is obtained in colourless needles an inch long, 
laolliug at 253°. Its solution gives a bi-ownish predpiUite W'ith ferric chloride, but it 
IS Hot precipitated by lead acetate. The crystallised acid contains one molecule of 
water, which it loses at 120°. It is tribasic. Its silver salt, C'IPAg®BrO*, is a yellow 
amorplious prt?cipitate obtained by adding silver nitrate to the ammonium salt. Tlio 
mrium sail is readily soluble in water, and crj'stalliscs in long needles. Tho copper 
from a hot solution in liglit green, microscopic, but well-defined pnsms 
(b jP1{t(H)'-'0u + 811*0. Tho potassinni crystallises in needles and dissolves very 
rc.i(bly iji water. 

fV monobrominatod acid with potash, a largo quantity is converted into 

arhl ^cid, and a smaller quantity into gallic, trioxybenzoic, or dioxysalicylio 


ocid, CWBr*0<, is produced, together with a small quantity 
b by triturating dioxybonzoic acid with bromine. Tho mass 

Rpunflnid, hydrogen bromido is givon off, and .after tho excess of bromine has 
t dlb^^ . bath, tho tribrominated acid remains as a yellowish crys- 

iiilivU' ^'hich dissolves oasily in water, and soparates therefrom in largo tabular, 
®^y®bils molting at 183°. By fusion with potash, it is almost wholly 
^ dioxybeuzoic acid, together with a small quantity of a compouml 
gives a gi'ccn colour with ferric chloride. 

is produced by heating tlui ethylic other of 
tn lino ethyl iodide, caustic potash, and a little alcohol in sealed tubes 

liquid A V^i**”'*'*^ ethylic diothyl-dioxybenzoato thus formed is an oily 

ddcomposed by boiling it with potash ; and by acidulating tho 
•he ( Huii 1 sulphuric acid, agitating with ether, and evaporating 

t(, a c^v^^^ obtained as an oily liquid, which soon solidifies 

fi7°-8Ro mass, and crystallises from waiter in ncodlo-shapcd ja’isma melting at 

By henf* '#*- 

“*^^byl-dioxybeiizoic ncitf with quickliine^ an oil: is obtained boiling 

/ • ■ If If 
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between 2a0®-260® containing probably the diethylic ether of resorcin. The lattBi* 
compound is easily obtained by heating resorcin with ethyl iodide and potash • h i 
an oily liquid boiling at 250° and giving no colour with ferric chlprido. By h’catin,^ 
it with hydriodic acid it is not reconverted ijito resorcin, but a resinous body 
pTOducod, the alkaline solution of which exhibits, even when very dilute, a st^n'r 
dichroi’sm, .-ippeariiig green in relloctod light and yellowish-red by traiismittod lighf 
.Exactly the Siime reaction is shown by the distillate of a mixture of dietliyl-dioxv 
benzoic acid aud lime. ^ 

Constitution of the. Dioxifhcn:roic acid obtained from Dtsulphohen^oic acid.—Thi^ 
monobrominatofl derivative of this acid fused with potasli, yiold.s gJillic acid, 
which has also been formed synthetical] ly from di-iodasalic 3 dic and monobromoprotn- 
cjitechuic acid. Admitting tlicn, that in salicylic acid the hydroxyl groups occupy tlio 
positions I : 2, and in protociitechuic acid, the places 1:3:4, it follows that ilu* 
constitiitionjil formula of gallic aeitl must be cither 1 : 2 : 3 : 4, or 1 : 3 : 4 : 6. Viirth-.i 
the disulphobcnzoic acid from which the dioxjdierizoic acid u ruler consideration is pre- 
pared is converted by fusion with sodium formate into isophtlialic acid (1 ; 3) ; Jon. 
Hoquontly one of the groups SOnf in this neid, and tlicn>f()ro the corresjjoWlin-r 
lij^droxyl in the dioxybcnzoic acid, must occupy the position 3. Ilcncu it nppeju" 
that the only possible relative jjositioiis for the carboxyl and hydroxyl in this dioxv- 
bcnzoic acid, are ' ^ 

1:2:3 or 1:3:0. 


Of the six possible arraiigoments indeed 1 : 2: 4 is excluded a.s belonging to Ascljcr's 
dioxybonzoic acid (p. 432) ; 1:3:4 as belonging to protocfitecliuie rreid ; and 1 ; 2: 0 
cannot easily bo reconciled with the formation of isophtlialic acid. Finally 1 : •> : ,j Is 
inconsistent with the formation of gallic acid. Iletween the two roinaiiiing formulic 
1:2:3 and 1:3:6 the results hitherto obtained by Bartli and Sonhoter do lUit 
enable tS^m to decide witli certainty, but from experiments not yet eoniplotod, tlicv 
regard the latter as tho more probable of the two. 

® METHTMWBp C‘H^O". This compound, which But lerow obtained bv 
tho action of silver oxide or oxalate on mcthjd iodide, and by Mio dry distillation of 
etliyl-glycollic acid (iii. 1006), is also proiluced by tho dry di.stillation of glycfdli.; 
acid itself. This acid, Iieatod first to 120°, then for several hours to 160°, nnd fiuiilly 
for a day to 200°-220°, yield.*# a carbonaceous rc.sidue, and a solid sublimate connist- 
ing of dioxjunethylono (Krui>sky, /. C/tem. vi. 178). According to Gioml 

{liulL ^c. Chiiiu [2], xiv. 217) it is also produced by boating methylene sulpliido 
fiend's to 170° in a closed vessel with sulplinto or borate of silver. 


C•H^C03H 

ACXHf = | , This acid is a product of the 

C«lB.CO=H 

oxidation of phoiianthrcnc-quinono C'^IPO® (p. 93), and is always obtained in small 
quantity in the preparation of the bitter. It is mo.st conveniently prepared by heating' 
the impure hydrocarbon containing nntliracciio with cliromic acid solution, find 
crystallising tho mixture of the qiiinoiics from alcohol, in order to remove an amor- 
phous substance. Tho quinoiies are again treated with the oxidising mixture, which 
does not act on anthraqiiinonc, and tho acid is extracted from the product by Hiniuouia. 

Biphenic acid i.s sparingly soluble in cold water, more freely in hot water, and rt«i(lily 
in alcohol and ether; it crysbillisos on quickly cooling tho solution, in sinali shinin;? 
plates, but if the solution cools doxvn slowly, it is obtained in trausporont coinpHi't 
anhydrous prisms ; it separates also in tho latter form on allowing an alcoholic solution 
to evaporate. By the evaporation of u solution in dilute alcohol, it was oiico obtained 
in very largo transparent crystals containing two molecules of water. It_ melts at 
226°, and sublimes in long transparent needles ; when lioatecl above its melting 
it bladufbB and decomposes. It is a strong bibasic acid. 

diphenate^ + 4H*0, is readily soluble in water and forms 

tiansnaront crystals. Cidcinm dipli^nate, C'*II«CaC% + 2iII“0, is a very solublo flint 
and nbt crystallise well. Magnesium diphenate, C»II"MgO* + 411*0. ciystall“5« 

in - 8Uvcr diphenate, C“H"Ag=0^ is a bulky white precipitate dissolving ^ 

lanro quantity of hot water. 

' Siphenic acid Iicatcd with excess of quick lime, is converted, not into diphonyb ^ 
might havo boon expected (C'<II*®0^ — 2CO- « bub into diphonyi^**" 

ketone C>»H"0; ' 


C«H«.CO*H 

l!*n‘.CO»H 


o*H«. 

CO + CO* + H<o. 

C»H* 


(Eittig ai Ostermayor, A7m, Ck, Pltarm. clxvi. 36l), 
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DZPBSWlWa. This compound, which Lauront a. Gerhard t obtained by reduc- 
tion of dinitrozobenzen© with hot alcoiiolic ammonium sulpliidu (ii. 336) is generally 
regarded us diamido-azobenzeno sa: but froin tho exptu’i- 

inonts of Lermontoff Chem, Ges, Her. v. 231), it appears to boroallyiliamido- 

hydrazo-benzon e ~ C'®H*®N*(NH''^)'‘*, formed by addition of 11- to 

diaiuido-azobunzeno (see Hyohazobenzunk). 

DZPBSMrS'&. Seo Fhknyi.. 

DZPBSBlTXi 3EBTOWB, CO(C®Il*)®, is formed, together with a small quantily of 
a Siubstanco which boils at a very high temperature, by heating a mixture of beiizcuo 
and benzoic acid to 180®-200® witli phosphorus poiitoxidc : 

C“n® + C“H».COOH « CO(OTP)2 + IPO. 

No ketone is formed by licatiiig benzoic ncid alono witli phosphorus pentoxide, /iiid 
lieiizeiic alone is not acted upon at all (Kollurits a. J\lcrz, Z^sn^, CAem. Ges. Her. v, 
•147). 

BZPBBBn-AUOPBAXrZC BTBBBB. Sec Cyanic I^tuxrs (p. 408). 

DZFBEirYZuCkMCZiriEa See FliK.SYi.AMiXKS. 


DZPBBTK-BZUBBT. Sec Fiuiift (p. 103). 

DZPKBXnrZiBSrB BBTOWB, C”H«0, is produced by heating diphenic acid 
willi c'xcoKs of (piick-linic. It crystallises fi'om alcohol in large, transparont, pale- 
ytllow pbites or thick eonipact crystals, melting at 83'5°-84° and boiling above 
300^' ; it Yobitiliscs slowly with vapour of w'ater ; dissolves in cold concentrated sul- 
lihiiric acid with a winc-red colour ; and is again precipitated by water, but only if tho 
Kohifion has not previously bcjon heated. Jliphenyleiio ketone iritrt^ueed in small 
portions into fused caustic jxitash is converted into phenyl -benzoic acid 
; and on heating the calcium salt of this acid w ith quick lime, tho 
ketone is rcgeiuTatcd, but at tho sanio time a small quantity of diphenyl is produced, 
and a larger quantity of tho latter may bo obtained by heating the calcium salt 
without quick lime. 

regarding diphoiiylcno ketoiio as C**II"0, it^ formation from diphenic acid is 
exactly aualogoiis to that of dimethyl ketone (common acetone) from acetic acid : 


cip.coni 

« ^^CO. + CO® + I1®0 

CIP.CO®!! CH® 

‘J inols. licctic aicid. Dimethyl ketone. 

C«iF.CO®Il 

I = I >co + c()» + n«o 

C"H*.CO=H cw-" 

Di])henic acid. Dipheiiyletic ketone. 

littig 11. Ostermaycr, however, who regard aiithraquiuone as a double ketoiic, 

^ think that diphcuylcno ketone maybe better represented by 

IpjM formula in which case its formation from pheuyl-bcnzoic acid 

00 analogous to that of aiithraquiuone from benzoic acid : 


potsish it nol 

reaetinw phenyl-bonzoic acid, just ns anthroquinoue is resolved by tin 

into tw'o mol^ules of bonzoic acid (see Akthkaquinoke, pp. 94, 93). 

/. P**BB, C’*JI"0. This, accordJxig to HoiFmoistor (Zeitschr 

which lisfiy. 1 composition of the supiioscd phenyl oxides C**II‘?b 

plo obtained (A9in, Ch, Pkurm. cxxxriii. 375), by distilling plionyl plios 
F V 2 


C«H-(H).CO(OH) 
C®IF(H).CO(OH) 

2 mols. bonsoi© add. 

C«JF(C®H»).CO(OH) 
C"Jr^(C«H*).CO(OH) * 

2 mote, phcnyl.bcnaolo acid. 


CO\ 

Anthnquinonc. 

+ 2H»0 

Diphcnylcne ketone. 

When fused with 


C»1I‘<^ + 2H-0 
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phate with c?cccss of lime, and treating the oily distillate with potash. It crystHl- 
lises from alcohol in lino colourless lamina) haying nn aromatic odour, molting at 80^ 
and resolidifying nt 51° (Lcsimple). It is not attacked when its vapour is passed 
over red-hot zinc-filings. Jfcated to 220® in a scaled tube with phosphorus penta- 
chloride, it is converted into a chlorinated body which crystallises from alcohol, and 
melts at 92® (Holfmeister). 

BiPBum-iaaTB- 

Fig. 14. . Asra. See Phenyl- 

Methanes. 

azPBamrKBvuBo- 

CBBBBMZBB, mCi^Y 
This compound, 
treated with a cold solution 
of nitrous ether in alcohol 
(obtiiincd by saturating 
cooled absolute alcohol with 
nitrogen trioxido) is iiistiintly 
decomposed, evolving torrents of gas, whicli consists 
chiefly of nitric oxide and is free from carbon dioxide jiud 
oxysiilphide. *Somo time after tlio termination of the cx- 
porinumt, the liquid, whicb is turbid at first, becomes per- 
fectly clear, and a quantity of free sulpliur is duposlted, 
exactly equal to half tlio amount contjiinod in the siil- 
phocarbamido employed. Tlio alcoholic liquid then con- 
tains phenyl sulphocyanale and triplienylguanidine, nearly 
in tin; calculated proportion. The decomposition appears 
to be represented by the equation : 

2C*=*H»2ms + N20» - C‘»II”N» + C«H».CN.S + S 
-rll-0 + 2N0, 

according to which tlio action of nitrons acid in alcoholic 
solution is perfectly analogous to that of iodine, chloride 
of sulphur, &c. (Claus, JJiiU, L%cm, Gch, Her, iv. 143). 




BZPBOaPBOCBliOROPBBTmoVS 

See Platinum Comkiunds. 


ACID. 


BZPBTBAXZC ACZB. Sec Phthaltc Acid. 
BZPBOPn. See Puofyl. 

BZ8PBR8ZOW. See Light. 


BZSBOCU.TZOB. 

-304). 


Seo Chemical Action (pp. 292 


BZBTXBBATZOBa Linnemaiin (Ann. Ck. Pham. 
clx. 195) has contrived, for fractional distillation on the 
laboratory scalo, an apparatus founded on tlio ainio pno* 
ciple as tho so-callod Dephlegmators used in distillation 
on the manufacturing scale, tlie vapour which rise* h:®™ 
the boiling liquid being partially condensed in a tube 
interposed between the still and the condenser, W that thP 
succeeding portions of vapour aro forced to pass througJi 
this previously condensed liquid, whereby they undergo 
a kind of washing, j. , 

This is cfiTocted by fixing into tho neck of the / 
ticn flask a wide vertical glass tube (fig. 14), into 
are inserted a number of thimble-slmpcd cups “““it. 
platinum gauze, the shape of which is shown a,tah. 4 
gauze of which theso cups are made is form^ of Pi^ 
inum wire about tlio thickness of a horse-hair, and 
meshes are about } of a squiiro millimeter in area. The cups are easily 
stamping square piocoa of this wire into a liox-wood mould. To facilitate the 
densation fhrther, a bulb is blown on tho tube after every two or three of wo c 
The temperature of the vapour is measured by a thermometer inserted into 
end ctf the tube, with its bulb in the uppermost enlargement. The Ifttwa* 
leads to the principal condenser. ^ , 

The tube with six cups, represented in the figure at half its actual l 
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for liquiJi boiling botwcon 150® and 180°; for those which boil between 180° and 
*2.'>0°, a shorter tnbe with two bulbs and flvo cups is used ; and for those w'hich boil 
l^elow 150°, n larger one with three bulbs and eight cups. 

As tlio distillation goes on, the liquid condenses in the cups and in the bulbs, faster 
tliJin it can nm back througli the meshes of the gauze inti> the flask ; consequently all 
tJje vapour has to pass through this cemdensed liquid, before it can j^ass off by the 
^ule tube into the condenser. To prevent too great an accumulation of liquid in the 
cups and bulbs, it is necessary to remove the flame now and tlicn, and sometimes even 
to cool tlie upper part of the tube by blowing on it. 

Til 0 advantages attributed to this apjuvratus are twofold ; 1. It brings the purifi- 
cation of organic liquids by fractional distillation to a degree of perfection hitherto 
iiuuUaincd." 2. It gives groat exactness to determinations of boiling point, partly 
Iu.cjuiso it ensures the purity of the tlLstilled liquids ; and partly bccaiiso the cooling 
iiilluenco of tho masses of mutal interposed between the boiling liquid and the 
tluTmoinotor prevents tJie so-called ovLT-hcating of the vapour, which is apt to take 
place with the apparatus commonly eniploycHl. 

To ensure tho purity of a liquid dist illed with this apparatus, tiio several fractions 
arc to be w'eighed, in order to find the principal fraction, and this latter is to bo 
ij garileJ as pure only Avheii the loss whicJi it suftbrs b}' repeated distillation does 
iioi. oxecod the averago loss w’hieh occurs in the pi*ocoss, and when, after all parts of 
the apparatus and the bulb of the thermometer have been thoroughly heated, and the 
Taerciiry inis attained a coushmt lieight, it remains at that height till the last drop 
of ]j<|iii<l has distilled over, and falls as soon as tho quantity of vapour left in tho 
ilistillaiioii vessel is no longer sufiioient to yield any liquid distillate. 

.As an examplo of llie use of tho app:mitiis, Liniiomaiin describes the purification of 
-i.tliyl io(lid(', prepariid in the ordinary way by tho uction of iodine and phosphorus on 
jilcoliol, w'.'isheil witli potasli-soliiLioji and Avith water, then distilled with water, and 
dohydralod by pliospliorio anhydride. The crude iodide thus obtained — yielded, after 
nniated distillation of the secondary fractions, and preservation of tho fractions 
ijoiliag: below 70-9°; between TO O® and 71 ’9°; betw'con 71*9° and 72*5®; between 
72’5^ and 72 9®; andbotwoen 72 9® and 7*l°i — iho twice distilled principal fraction 
70-9® to 71 '9® amounting to 570 grams. The furtlier progress of tho distillation is 
shown ill the following table ; — 


FrnctUmal Dhiillaiion of Ethyl Iodide, 


1 

Wcifjrlit of tlio FractiouE! in Grani!!i.' [ 



I 

a. 

to "ii'CP 

b. 

r. 

d. 

e. 

/. 

ncsiduc 



! 

7VG^- 
71 vs® 

71*8®- 
71 -D® 

71*0®- 

72-l° 

7a*i®- 

72*a® 

72-:;l®- 

72-5® 

Total 

Lusa 

Fmcliou 70'9°- 
71'9®, 570 grams 
distilled once 

5 

21 

39 

309 

04 

00 

5 

663 

7 

/distilled once 

5 

21 

44 

379 

100 

13 

/ 

662 

1 

e once , 

5 

24 

47 

460 


22 


658 

4 

<? and c once 

5 

42 

08 

402 


37 

! 

664 

4 

il once more 

5 

63 

88 

344 

i 

51 


561 

3 

and c dftliy- 
dratcil witliP^O-’^ 










distilled 

te-ice . 

56 

1 27 

14 

384 

V 

69 

-* 

640 

11 

^i/ 1 //distilled once 

• 56 

27 

14 

417 


lb 


638 

7 

' 




78 p.c. 



■ i 

Total 37gnn8 


. Vj ‘’ i appears that 670 grams of ethyl iodide, originally boiling at 70 9® to 71 ‘O® 
twelve distillations, in which 37 grams were lost, chiefly by evaTOiation, 
7 grams, or 78 p.e. of iodide boiling betw’een 71 '9® and 72*1°. On again distilling 
'Js after fiitther dehydi*ation witli phosphoric anhydride, only 8 grams 

"ent over at 71*9°, but - 898 grams between 71-0° and 72*1®; and of this quantity 
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*360 grams passcd ovcr at 72°. This point may tlieroforo bo rogardod as the directly 
observed boiling point of the ethyl iodide. This observation was made under a baro- 
metric pressure of 7110 mm. ; and, by reducing this to tho pressure of 760°, and 
making the necessary correction for the temporatiiro of the portion of tho merciurial 
column u'hich projected above tho coiidoiising tube (for the details of Virhich the original 
paper must bo consulted), Linnoiiiann calculates that tho true boiling point of etliyl 
iodide is 72*38°. 

Fop dctomiinations, by this method, of the boiling points of homologous organic 
compounds, see p. 203. 

On tho Theory of Fractional Distillation, see Wanklyn (Phil, xlv, 120)' 

nisQ J. C. Glnshan, ihid. 379* 

Pierre a. Puchot renc7. Ixxiii. 443, 699) have made experiments on the ilis- 

lillaliou of mixtures of liquids insoluble one in tho other. In tliis case the tempera- 
• ture of ebullition and the relative quantities of the two liquids in tho distillate reriiiiin 
nearly constant. In the distillation of a mixture of water and amyl valcrato, tho 
temperaturo of ebullition was found to remain constant at 100°, and 13 Yolumcs of 
water distilled over constantly to 7 volumes of amyl valerato. 

Ill the distillation of a mixture of ainylic alcohol and water, ebullition commences 
at 9G°, and remains nearly constant at this point for a considerable time. Moreover, 
so long ns the temperaturo remains constant, tlie volumes of water and of amylic alculiul 
condensod during any' giv»rii time are invariably in a constant ratio, viz. 2 to 3; and 
the temperaturo docs not begin to rise until ciiher tho water or tho alcohol has wholly 
distilloil over, leaving .'i surplus of alcohol or of w'ater (lus tho case may be) in tho 
retfirt. If tho water was originally mtiro than tw'o-thii’ds of the volume of tho alcohol, 
the temperature risis to 100° ns soon as the whole of tlio alcohol has distilled over; 
but. if loss than tlio two-thirds of water was originally prosifrit, tho boiling point rises * 
to 130° as soon as tlio w'liolo of tho water has distilled over, the residuo consisting 
wliolly of amyl alcohol. 

JJutyl alcohol [of fermentation] gives similar results, tho volumetric ratio in tliis 
caso being 1 of water to 6 of tho alcohol. Tho mixtiiro boils constantly at 90’6°, ie, 
9*6° below tho boiling point of water, and 17*6° bedow that of isobutyl alcohol. 

When a mixture of water, butyl alcohol, and .'tmyl alcohol is distilled, the tempera- 
luro of ebullition is not constant, but regularly rises, always, how'ever, remaining 
betw'eoii 95° and 0G°, and being higher ns tho quantity of amyl alcohol present is 
larger. Tho ndative volume of water which distils over also increasos continually, 
being, however, always groator than of tho tobil volumo which passes over, and 
less than Jths ; i.e. betwoon the relative numbers found with butyl .alcohol and water, 
find w'ith Htnyl alcohol and wal ex*. 

Disiillafwn qf owr-heated Li^ziida . — Certhelot remarks that over-heated liquids not 
in tlie state of ebullition by no means ccaso to distil, but, on tho contjraiy, often distil 
more rapidly than during ebullition. In distilling oil of turpentine, for example, 
under diminished prossuro, tho distillation might be advantagoously accelerated by 
cautiously diminishing tho pressure after tho boiling has ceased. IVIany liquids behave 
in the same way when heuied in open vessels; thus ethyl bromide, which oidinarily 
boils at 38*5°» may bo heated to 61° without entering into ebullition. A liquid in 
such a state may be brought by agitation into sudden explosive ebullition, tho tem- 
perature falling at tho sumo time. Drops of such liquids often float about on the 
surface (PiUL Cftim. [2], xiii. 316). 


BZBirWBAMMOKATBS. ( 
BZSUXiPBTBRAZATIIB. { 


See iStjlphasotic Acids. 


BIVKJkMZBZIB (E. Mulder, J)eitt, Ckem. Ges. Bpt. v, 1011). 

Piuramide (NIl®.CO.NII.CO.CIl*)-NH, is produced, together with other products 
^ (apparently amidacctyl urea and hydantoin) by the action of ammonia on bromncotyl 
urea at the heat of tho water bal h : 


. 2(NlP.CO.NH.CO.CH'-Br) NIP «= 2HBr + (Nn*.CO.NH.CO.CH«)*NH. 
When tho solid substance which separates out on cooling is rccrystalliscd from irater, 
dissolved in hydrocliloric acid, prccipibited by ammonia, rodissolved in hydrochloric 
acid, and treated with platinic chloride, a pliitinochlorido is obtained in needles or 
prisms having the composition 2[(NH*,CO.NH.CO.CH-)*NH.HCl].PtCF ; and toi* 
pbirtinum $alt, treated with s|il-nmmoni.ac, yields diglycollamic diuromide in tho fto® 
state, as a ' colourleBS crystalline body, insoluble in alcohol and moderately soluble lu 
hot water. . 'th 

The residue left when the crude product of tho preceding reaction ia. treated 
hydrochloric acid yields, on recrystallisation from water, a compound wMdft! 
tobo triglycollainic triurnmido (NH*.CO.NH.CO.ClP)W. 
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pXXnTXi COMVOUSTDS. Seo Xtliii. Compounds. 

DOJbSltXTS. Petersen {JaJirhuch f. Mineraloffie, 1869, 30) and Sandborger {ihy. 
]8r0. 205) r<“g:ird doleritji and anaiiiesito ns merely structural varieties of tlio same 
iiK'Ji-l’ormation, and sopamto basalt from them as a chomically diftbrent rock. Saml- 
!.,’iu:errfgiir<ls, asa distinguishing character of the two former, the sparing occurrence, 
(ir :ibsoncp, of magnetic iron ore, and its i*epIucoinont by hexagonal titanic iron 
ore. 

11. Mold {ibid. 1871, 885) has analysed tho dolerito and tiichylyto of tlio Sababorg 
in 1ICS.SO, a basaltic inountuin overlooking the .s:indy t^ihlo land of tho Beinhardswald 
Ijctwecn the Oborwesor and the mouth of the Diemel, and consisting mainly of a true 
iVlspclliic dolerito, together with t.'ichylyfcic and basaltic rocks. Tho dolerito (a) and 
Pi. liylytc {!)) have tho following composition : 


f^iO’ 

'J’iO'-' A1“0' 

L'o"0‘ FeO 

MnO 

Cslrt 

MO 

K“0 

Na“0 

paO> 

11“0 


51-62 

1-26 16-12 

3-92 7*88 

0-33 

7-23 

2-()8 

1*35 

4-23 

0-83 

1-24=* 

101-39 

51’03 

0-28 19-36 

3-68 6-48 

0-06 

6-27 

2-lG 

o-7:i 

3-14 

0-01 

2-16=. 

90-29 

DOZilUM. The sal 

iva of BoUitm QaUa contains 

ill 100 parts 

by weight : 



Sulphuric neid 

freci . 

, 




3-42 


3-30 



Sidpliiiric nciil 

com billed 




. 

0-20 


0-15 



Ilydrocbloric acid, combijicd 



. 

0-58 


0-60 



OI.Ikm* SUbslJIIK 

■is, organic 

and iiiorgan 

io . 


1-08 


2-35 



AV’^atcr 

• 

. 

. 


. 

5)4-01) 

£ 

3-60 


A I'ompnriMon of the 

w’ci gilts of 

tho animals 

with 

tho.so 

of tlicir .shells and 

of the 

livjii’v 

glands, gave ; 















I. 


ir. 




Mol luscH 





1305 


520 




Shells 



. 


550 


255 




Ulniids 

, 



, 

850 


80 




(Piinoori and de Luca, SUL Am. J. [2] xlix. 421). 

BOXiOMZTB. T]]i.s roeje i.s commonly regarded — independently of accessory 
constituents aniouiitiiig to 2 or 3 per cent. — as a double carbonate of magnesium and 
iM lei mil liaving tlio saiiii? composition as bitterspar, viz. CaCO“.MgCO*, Korston, 
will) analysed 5)0 dolomites, oonduded that in crystallised dolomites this proportion 
Jilways Jiolils good. According to other aiithoritie.s, however, this is 7iot always tho 
fM.-e, and (1. Hiscliof found that in dolomites whose composition only approximjito.s to 
ilie Jnrinula .above giren, tho magnesium c.nrbonato is always below, and the calcium 
carlionate ahvays above llie calculated quantity. Experiment likcwiso show's that in 
]ieii'Crv.sUillisi d dolomites, llio two carbonal e.s are pre.sent in very varying proportions, 
till; cnJciiini carbonate liowever always pradoniiiiatiiig. Itammelsborg, from a compari- 
son ol'tluj published analyses of doloinite.s, deduces the three following formulae: 


a h o 

C;i(X)".MgCO' 3CaCO\2MgCO=’ 2CaCO».M8CO=' 


100 or 
81 or 

51-31 

45-60 

100 

56 

or 64‘10 
or 35 '90 

100 

42 

or 70-42 

6r 29*58 

181 

100-00 

166 

100-00 

142 

100-00 


)Io however points out distinctly that these simple stoichiomctrical relations hold 
food only for tho purer forms of dolomite, 

fin* fwlion of water containing carbonic acid on dolomite.s, differs according to their 
f'oiiiposihon. IJischofs experiments show that fi'om dolomitc.s containing not moro 
th;iu 11 p.(.. inagnesium carbonate, carbonic acid water extracts only calcium carbonate, 
Jind hoiico it i.s probable tlmt dolomites having tho composition i or <? would yield to 
I'jirbenic acid water, chiefly calcium carbonate, and but littio magnesium carbonate. 
J'rom dolomites of the normal constitution a on tho other hand, carbonio acid water 
takes up the whole without separation, and according to Bischof, dejmsits it again in 
tu« iorm of bitter spur. Hence ho infers that dolomites containing ^uses of calc spar 
•»>**'• imperfect dolomites, still in course of formation, whereas ^ose which contain 
wystals of bitter spar are perfectly foriiiod. 

According to these results, tho condition of a dolomitic formation may bo inferred 
roiu tho comijosition of tlio spring waters which issue from it, provided these waters 
wvi; not previously passed through other strata from which they can toko up any 
Jmubli! ingredients. Such is tho case with tho dolomitic springs of that part of the 
Tanconian Jurassic formation known as tho Fniiiconiun Switzerland, 



4*10 DULCITAMINE— DULCITE. 

Tho valleyii in tJiis lociility aboiinil in springs, .wheroas the high table-lnndH apQ 
almost destitute of water, tlie iviiu whicli lulls on them percolating quickly tlirough 
the porous and fissured rooks, and issuing in tlie valleys in the form of springs. 

The water of a considorablo iiuiubor of those springs lias been analysed by Gonip. 
Besanez (Ann. C/i. Phami. viii. Supplement-band 230). TJic only important cons til uents 
are calcium carbonate, magnesium carbonate, and silicji, w'hilo chlorine, iron, alkalis, 
arid bituminous organic matter occur only in miiiuto quantities. 

IMuny of tlicso springs are pure dolomite waters, their jicircontago amounts of calcium 
and magnesium carbonato.s agreeing closely with those of dblornitos occurring in tlm 
neighbourhood: these dolomites in fuel., gave by analysis r)7‘32 and 57*21 p.c. CiiCO>, 
and 42*68, and 4279 MgCO^ while the mean of the wattT-analys(!S gave 5871 CuCO*] 
and 41 *29 MgCO*. iSonio of tho waters, Jiowovor, diflPhrod widely from those nunibors] 
containing as inncli as 88 or 89 p.c. CaCO* to 12 or 11 JVIgCO*, and in tho case of two 
other springs, 70 and 68 p.c. CaCO* to 30 and 32 MgCO®. 

The occurrciict! of true dolomilic springs in tho immodiato- neighbourhood of dolo- 
mite rock of normal composition, corroborates Bischofs view, that water containing 
carbonic acid di.s.«olvc.s true dolomites in fixed proportions, forming a solution from 
which by quick evaporation, a residue nmy bo obtained, having tho eomposltiou of tho 
original doloniile. This is further corrobor.Tted by t he experiments of Oorup-Bestanez, 
on the amounts of ealeiuin and inagncslutn eai'bonate.s taken up from dolomite by 
carlionated waler in 5 to 8 and in 21 days. 

From further experiments by tho samo chemist, it apptjars, however, that althuiigh 
carbonated water hiko.s up from normal dolomites, fixed rcbitive quaiititioN of calcium 
and magnesium carbonate.s, tho solution, wlieu loft to evaporate slowly, first dtqiosit.sii 
largo quantity of tin- calcium carbonate, while tho magnesium carbonate is deposited 
only .'if tor long evaporation. Gorup-Bosaiiez finds, moreover, that ejirbonated wjittT 
tikes up tlxo<l rolal ivo qiuintitics of tho two carbonatiss from imperfect as well a.s front 
jiorfect tlolomites, but that in no case is crystallino bitter-spar ttver deposited fn^rii 
Mich u solution on evaporation, llo therefore dissents fiYiiti Bisohof’s conclusion, tli.-it 
a dolomite containing druses of bittcr-spiir is uoceasarily a perfectly formed dolomilo. 

The geological formation of doloinito is not yet eomplotely umlerstood, but tho 
preeciUiig facts seem to militate against Biscliof’s theory, tliafc when magnesium 
liniostpno is subjoetod to the action of carbonated water, nothing but calcium carbonato 
is dissolved out till the molecular proportion ICaCO* : iMgCO^, belonging to tnio 
dolomite, i.s attained. 

All tho dolomites of tho Kriincoiiian Jurassic formation arc found by spectroscopic 
oxaminntion to contain lithium. 

UtrXiCXTAlIKZliri:, (0. Boudiurdat Cojnpf. rend. Ixxiv. 1406). A 

Imse produced by heating 1 p-irt of inonochlorhydric diilcitan C^IB'CIO* or of 
dichiorhydric (or dibroiiihydric) dulcite, with 10 parts of alcoholic am- 

nionia to 100° for six hours. 

C*II»C10^ + mo + Nil* - C«Ili"NO\HCl 
C-K'^Cl^O* + 11=0 + 2NH> = CTI’^NQs.HCl + NH*C1. 

The dulcitamino hydrochloride may bo dissolved out by absolute alcohol and 
precipitated in long needles by very gradual addition of ether. This salt is very 
soluble in alcohol or w’ater, very slightly in other-alcohol. The aqueous solution is 
DcvWl and has a faintly sweet taste. Treated with silver oxide, it yields fre^ 
dulcitamino as a powerful base analogous to glyceraraiiie, strongly blueing litmiiSj 
expelling ammonia from its combination.s, absorbing ciirbon dioxide from the air, anil 
forming by evaporation an uncrysbtllisablu syrup, which gives with acids 
salts crystallising with difficulty. The hydruchlorido forms with phitinic chlon e 
orange-yellow neodles of tho salt 2(C“JI’^NO®.IlCl).PtCl^, very soluble in water ana 
absolute alcohol, but not in ether, decomposed by healing, with a smell of ham 
sugar and burnt horn. Auric chloride gives a difficultly crystallisablo compound. 

»CXiOI»B, C*II"0« = (C*H")''(OII)^ (Bouchardftt, Ann. Chim. Phm 
68; Comp. rend. Ixxiii. 199; Ixxiv. 666, 866, 1406 ; Bull. Soc. Chim. [2], V ^ 
This saccharino substance, isomeric witli mannito, is produced by the action 
amalgam on milk-sugar, on inverted milk-sugar, and on galactOSOi the 
milk-sugar: : ■ 

C*H'»OV+ = CWO* C'»II*»0" + 2H* + !»#§? 2P*5*^‘ 

Galactose. Buldte. Hilk-sugar. Diiloite, . 

An aqueous solution of galoctoso is acted upon by 2 p.c. sodium amalgaifii 
being neutralisod by dilute sulphuric acid from time to time; at the hf tha 

the reaction, the liquid is exactly neutralised by acid, and the greftttf . 
sodium sulphate removed by crystallisation, tho last portiona 
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‘th t.wiiJO it<8 volumo of strong alfioliol. It is then filtered and concentrcatod to the 
T iiitfUjnco of a syrup. After some time snuill crystalliiio warty groups separate out, 
'Tkh may bo removed and drained on filter-paper ; a further quantity of crystjils is 
d piisitcd on leaving the liquid at rest. The siibstanco thus obtained is rtjadily purified 
liv iTerystallisuation from water; on analysis it gave 30*3 and 3D-1 p.c. of carbon, 
and 7'0 p.c. of hydrogen, the theoretical numbers for dulcito being 39 o p.c. 
rui) 0 *n, :iud 7‘7 p.c. hydrogen. The crystals are gritty between the teeth, but scarcely 
suvliariiio in ti-ste; they are not forineiitablo in contact with beer-yeast; they molt at 
I87°i pm’o dulcito melting at 188-.5° ; they are very slightly soluble in strong alcohol ; 
100 parts of water at 21° dissolve 41 pirts, pure dulcito dissolving to the extent of 
:j (i to 3 7 part-s, the difference being, doubtless, duo to slight impurity. The solution 
(il the artilieially prepared substance has no apY»rociable net ion on polari-sed light. It 
is net browned on boiling with potash ; neither does it retlucea cujiro-potas.sic solution. 
Treated with dilute nitric acid, it yields crystals of miieic acid. All tlieso elmriicU?rs 
show that the suhslanco obtained by hydrogenation of galactose is identical u-itli 
natural dulcito from the manna of Madagascar and from Aidaniptfriim nemorosum. 

' Milk-.^iiigar, treated in like manner with sodium amuJgJim coiitiiniiig 4 p.c. sodium, 
likewise yields dulcito in monoclinic crystals, the angles of wliich agree ex.actly vith 
these of the crystals of natural dulcito (ii. 34U). The motlu r-liqiiors curitain lactic 
arid. Inverted milk-sugar yields dulcito together with maniiito, the latter cry.stal- 
lising in .silky needles from the motluir-liquors of the dulcite. 

Stbers of Bnlclte. 1. Jlalo'id Ktkers . — llulcilo dissolves easily in aqueous 
hyilrochl(jric .'icid (saturated at 0°) W'itli slight div.rease of toin^>tu*atiiro. end the solution 
IrfMo itself for 24 hoius de[H)sits bulky crystals of the hy’drocli 1 oricle, C®!!*'!)®. 
JIl'l + 3ir-0. This compound is very unstablo, and c;in exi.st only in an atmosphere 
.saturated with hydrochloric acid ; the crystals, when exposed to .'i curront of air, giv(! 
olTilic whole of tlieir hydrochloric acid. The liydrobromide and hydriodido are 
.Miniliirly eon.stitiiled, ami somewhat more stable. 

1 Acr/ic Ethers.-— Ihilcilii .submitted to tlio action of acetic acid YU’oduees a great 
iMiiiiber of uciUral coinpoiuids, some of which arc ethers of dulcito having the general 
liiimnla — 

+ nmi*0^ - nWO ; 

flJiilo otliors arc ethers of dulcitaii, having the general formula— 

4- »C'-JPO« ~ (« + l)H-0. 

DkeeMume, C'»H'«0‘ =. Cj-ystallino scales, fusiblo at 

volatile without residue on ignition ; inodorous, insipid, slightly soluble in cold 
Milter, alcohol, or ether, soluble in lukowiirni water ; saponiliod by dilute alkalis, 

Diaceto-dulcUan.O^^lV^O'’ = •! (OH)* . — Volatile without residue on 

lo" 

Ignition; tastes very bitter; soluble in water, alcohol, and etlier. At the ordihftiy 
teinperjiture tliis substanct5 i.s u culourle.ss liquid, of the consistence of oil beginning to 
congeal. 

Hcxaceto-duldte, C'*U*«0'* = (C«Ii®)»‘(OC*lPO)«.— Hard, friable, crystalline plates, 
fusiljlc at 171°; sublime.? at 200° -220° without altcmtioii of its chemical composition. 
T!i( 5 sublimed product nequiresfor a time different properties, but gradually resumes its 
former state.. 

Tdraccto-diildtan, C»H*®0» - Colourless and resinous in 

appearance ; sublimes without residue ; insupportably bitter ; has a disagreeable odour 
^G*iriy insoluble in water, soluble in alcohol and ether; saY^onified by 

i'cntucctamnocldwhydro-dHkite, C*«II«C10'» « obtained by 

•jctiiijj on dulcite with a mixture of .acetic and hydrochloric acids, is an unstable com- 
S'ori ' jTm 'W’iion heated in water, decomposes into pontaceto-dulcito, and liydro- 

^^>dacetO’ditlciteyQ'^*l^*Q^^ » Grystalliuo body mth proper- 

*'^^®**° of hcxacnto-didcite, but less soluble in alcohol and other. 
^ ^ about 200°, it is partially transformed into pentaceto-tliil- 

J'*' ^lUi separation of water* 

Ether s,-^Hexbcngoditlcite, C“H«0»* = (C*U»)*‘(OCHI*0)®.— When-: 
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1 mol. dolcito is lieatod to 150° \ritli 8 dioIe. benzo 3 d chlorldo contuiningf benzou« acid 
hydrochloric iicid is evolved and tlio dulcite dissolves. The tempeKiture is then raised 
to 200° ; the excess of benzoyl chloride expelled by a current of carbonic anhj'drido ■ 
two volumes of alcohol added for one of the liquor, and the Avholo again heated*. After 
some dayfl small crystals aro deposited, which, after another crystallisation from 
alcohol, consist of pure hoxbenzodulcite. This I>ody is solid and without tasto or 
odour at oinlinary tomporaturcs. It molts at 147°, i» quite insoluble in water orelluir, 
and only slightly soluble in alcohol. When boated to 200° and suddenly cooled, it! 
becomes amorpboiis, in which state it is much more soluble in alcohol, and even soluble 
in ether. After a few minutes, however, crystils aro deposited from theso solutions, 
having all Ihu properties of ordinary hexbcnzoduleito. lloxbenzodulcito is difficultly 
saponiflablo. When it is treated with iiitrosulphiiric acid, the benzoic radical is 
attacked and hoxni trobenzodulcito is formed, which, when acted on by sodium- 
amalgam in presence of alcohol, furnishes dnlcite and sodium nmidobonzoiite. 

Teirahen::oditlciUin, j ^ . — When the motlier-liqiior ob- 

tained ill the pre^iaration of hexbenzodulcito is agitated with ether and sodium car- 
bonate, and two voliimos of alcohol iiro addeil to one of the liquor, a resinous precipitate 
i.s formed, which, after drying at 140°, lias the composition of tctrabenzodiilcitan. Like 
hexhenzodulcite, it is solid and without taste or smell at tlie ordinary tcinperaturo ; i.s 
insoluble in watei*, and only slightly soluble in alcohol ; but differs from that hoily in 
emitting, at 150°, an odour of benzoic ether, in volatilising without hhickouing, niul 
in being very soluble in ether. It is saponifted witli difficulty. Nitrosulpliuric acid 
apparently converts it into a nitpobonzodulcituii, 

DW&OBVKPHACBTOXri:, C<^II^%S3 See Sulpicacetone {Isi Sirppl. 1047). 

DVST, VOBCAinc. Sco Volcanic Emanations. 


BVBiUrOlTB. An orange-coloured ndnoral occurring with tinstone and topaz, 
near Durango in IVIoxico. It becomes transiently black when heated, and at a higher 
temperature yields a y’ellow glas.s anil a scanty white sublimate, etching the glass at 
the same time ; on charcoal it gives the reactions of arsenic with iron and mauganesr. 
It is partly decompo.sod by liyclrochloric ami nitric acids, completidy by sulphuric acid, 
W'ith evolution of hydrofluoric, acid. The quantity of fluorine in the mineral is con- 
siderable, hut (rould not ho dotorminod on uecoiuit of the smallness of the quantity 
available for unalysi.s. irardrics.s = 5. iSp. gr. « 3*U5-4*03. 


As'O’ 

AV^O' 

Fo^O’ 

MnO 

Nn-O 

Si-'O 

F. 

5510 

20*68 

4*78 

1-30 

11*66 

0*81 

undetermined 

55*22 

20*09 

5*06 

1*28 

11-86 

0 70 



The mineral consists, tlierefore, of an arsenate with a fluoride, corro.spomling Tvilh 
amblygonite among the phosphates. The degrce.s of oxidation of tlio iron and irian- 
ganese are hypothetical (G. J. llrusli, Sill. Am. J. [2J, xlviii. 179).^ The cr 3 'slalH, 
according to measurements by J. M. Blake, are monoclinic, exhibiting the tacos 
ooP, ± 2P, — P, ooPoo , 4Poo , and agreeing nearly in the magnitude of the angles and 
in typo with yttrotitanito. Cleavage parallel to ooP at an angle of 110° 10' (in 
titanito at 114°). 


DWAMITBi This name is applied to various mixturos of nitroglycenn vith 
earthy Substances. The original dynamite prepared by Nobel fol. J, 1^/* 

consists of nitroglycerin mixed with ^ of its weight of porous silica (infimorm swciu 
Kiesdguhr). It is said to oxhiliit the full power of the nitroglycerin contained m 1 1 
and to have tlio advantage, on account of its pasty consistence, of Ailing the bore-ho c* 
completely without overflowing, and to be less dangerous both in carriage and * 
manipulation. ^ 

TJie superior safety in the use of dynamite has been confirmed by the 
of V. Wolfskrcin {ibid, cxcii. 174), and of Bolley, Pc.stalozzi and Kundt • 

140). The latter, however, recommend that dynamite should not bo hernw^^j 
enclosed in metallic or other very solid rcccxitaclcs, since it explodes f}®®' j-ged 
brass case tightly screwed or closed with a cork, also by a hard 
between two metal plates. From 100 jHirts of dynamite, strong 
76-6 parts of nitroglycerin. 

H. Schwarz {ibid. ccv. 429) found in two samples of 
following materials:— ^ 

' No. 1, strong. No, 2, for : 

Nitroglycerin .... 675 

Chalk and sawdust . . . SO'll '^-25 

Moisture and loss . . , 2*39 : ' 



DYSLYTB— ELECTRICITY. 


413 


FxDerimcntflontho relative explodibility of nitroglycerin and vari-nis kinds of dyiia- 
. to have been made by Girard, Millat and Nogt {Moniteur scieniifiqup^ xiii. 68) ; ini 
T* ■ mite and its use in war by P. Champion (ibid. 91); and on the use of dynamito for 
lirrakiiii; up castings, by P. Champion {Cowpt, rend. Ixxii. 770). See also 

[2] 706-772. 

9T8&YTSt Sco Eulyt£. 


E. 


BARTBWT 0IR« This oil, expressed in tho cold, contains al)oub 4*6 p.c. of 
jiiMcIiitlie add ; that expressml with tho aid of heat contains about 6 jj.c. It is some- 
ijiiios used to adulterate olivo-oil, and its presence may bo detocted by separating out 
till) aradiidic acid. For this pur]x>sc tho oil is saponified; tho soap defom]>os(:d by 
I'jilrocljloric acid; tiio resulting fatty acids oonverled into leail salts; tlio oleato 
lif ka«l is roTtioved l>y ether ; and the remaining salts are agnin (li'eoTiipo.sed liy b yilro- 
clilorie add. 'I'lio fatty acids arc then dissolved in alcohol of 90'^ aiul tlio solution is 
hit to cnol. If earthriut oil bo present, abundant crystals ol‘ araeliidic add will soon 
In- (foeri 1.0 form. The crystals are washed with alcohol of 7b'\ in which limy are per- 
tVotly insoluble, dissolved in boiling absolute alcohol, and the solution is evaporateil 
In dryness a.rid weighed. In rechoning tho amount of araeliidie add obtained, allow- 
iuu'H III list be made for tho quantity dissolvoil by the alcroliol. 100 parts of 90 p.c. 
!!l.'olif.il dissolve 0-26 of arachidic acid. Tlio process does not succeed with a mixtiiro 
i-iinl!.iining less than 4 p.c. of earthnut oil, but with a 10 p.c. mixtiiro Ibe ;imonTit may 
bt! asccrlaiiicd within 1 p.c. of the truth (A. Kenard, Cvmjjl. rend, Ixxiii. ViSO). 

ECBOliZRE. See Krgot. 

EGG. On tlio nuclear structures of tho yolk of tho lion's egg, see Nucusin. 
EB&ZTS. A hydrated cupric phosphate fTOm Corn'wall (see Phosphatks), 
EXiEER OZXi. iSoo Oils, Vou^tile. 

EBECAEKPAKS ZXrVEZXr. See Inulin. 

EXiECTRZCZTY. Electromotive Force developed by the Contact of 
Metals, and the Modifeation of that Force by Jlcat (Kdlund, Ann. 

i'x.\xvii. 474; cxl. 436 ; cxliii. 404, 534. Phil. Mug. [1] xxxviii. 203 ; xliii. 81^ 213, 
2(11).— dt was observed by Peltier, in 1834, that when .in electric current is passed 
through the point of contact of two diiferoiit metals, that point becomes heated* or 
coelcd according as tho direction of tho current i.s opposed to or coincides with that 
ivliicli would bo developed by tho contac’t of tho metals. The qiniutity of heat thii.'j 
absorbed or developed has been shown by Edliind to bo proporl ioiial to tho product of 
tlio strongt.li of the current into tho olectromotivo power of tlio metallic couple, which 
Jiiay, thoroforc, bo determined by moasiicing tho quantity of heat absorbed or developed 
^.^'trrent of known strength. 

oitli an apparatus eonstrueted on this principle, for tho description of which wo 
niiist ptjfor to Kdlund's ixiper {Pogn, Ann. cxliii. 404, 634), the following resulLs have 
bcfiiobtainod;-- ^ ^ ^ •=« 

1. Iho electric tension series of tho metals, as determined by eloctroscopic expiri- 
lonts by Volta, Peclet, and others, exhibits no immediate relation to tlio oloctromotivo 
(•rc(« doveloped by tlio contact of tho metals : consequently, tho amount and nature 
invil 1 1” cannot bo determined from tho electric tension series. It appears 

|l ' that tho electric tension depends, not entirely on the coni act Imiweeu 

1) ^ '^'clals, but also on tho film of gas or water condensed on tlicir surface.s. 

-■ ilio order of the motels in tho electromotive series is tho s inio as that in the 
^iii'rmo-electrie series. 

force for tho combinations of copper with iron, cadmium, zinc, 
dio'te aluminium, platinum, palladium, and bismuth, increiiscs wiili 

+ ;j()o oxporimonts take place at a temperature not exceeding 

‘btfepcnt^ ^^lermo-electric forces which, at a given difference of temperature, .iriso in 
tlios.^ combinations, are not proportional to the oloctromotive forces of 

6;S*“®.J»otellic combinations. 

I "With tho aid of the second fundamental principle of tho mechanical theory of 
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heat, ■wo ealcnlato the modifications tindergono by the olectromotivo forces of contn 
in consequence of the increase of temperature, results are obtiiined which do not a» 
with experiment. 

According to Crova {Compt. rend. Ixviii. 440) tho electromotive poworof volt 
batteries with two liquids varies with their temperatures, decreasing as the tempor ^ 
tore rises in Danicli’s arrangement , and increasing with tho temperature in that f 
Grove, while, in one-liquid batteries like that of Hmoo, it is independent of tl 
temperature. This is easily shown by arranging two galvanic couples of the sain ! 
kind with their poles in opposite directions, and interposing a galvanometer in'tlia 
circuit. On heating one of tho couples, the needle will bo dcflectocl in a direction van- 
ing according to tho nature of tho arrangement. ‘ * ' 

Klectromotive B'orce of Platinum in Contact with various Liquids^ 
When two electrodes of non-platiniscd platinum have romainod for a cepb'iin time^ 
an acid liquid, dilute sulphuric acid for example, they, for tho most part, do not giro 
rise to any perccqitiblo current ; but if oiio of them be washed with distilled wator 
and wiped wth bibulous piper, it is found, on reimmersion in tho acidulated Ijquij 
to bo strongly negative with regard to tho ono which has remained in tho liquid. Tlie 
clocti*omotivc force of tlie circuit quickly diminishes, but an hour generally olanses 
before it is roduccid to nothing. If the acidulated water be replaced by potash solution, 
tho electrode which is w'a.shed with water and dried with bibulous paper, becomi's 
distinctly positive tow'ards that which lias remained in tho alkaline liquid. With tiui 
alkalinij solution either non-platiniscd or platinised electrodes may bo used, and in 
tho Latter case thfi electromotive force is considerably strongt'r than in the former. 
WlicTi a platinised and a non-platiniscd platinum electrode are immersed in the same 
liquid, tho former is always the positive clement. These effects may, perhaps, be 
attributed to the formation, on tho siirfaco of tho platinum, of compounds of th.it 
motnl with tho acid or alkaline constitnenta of the liquid, tlie formation and decom- 
position of these compounds requiring a considerable time. This view- is supporti*d 
by the fact that, if one of two similar platiniini wires which give no current when 
placed ill distilled water bo immersed for a long time in dilute sulphuric acid, then 
quickly washed, dried between filter-papor, and again plunged into tho distilled water, 
it will bo distinctly negative towanls the other. As all acids which liavo been ex- 
amined give the same result as suliilmric .acid, whereas all nlkalino solutions prodiue 
the opfiosito effect, the experiment just described mny bo used to ascertain whothcpn 
liquid is acid or alkaline, even wlieii, on account of its gresit dilution, it no longrr 
exhibits any reaction with test-paper. In lliis numner it has been found th:it no 
solution is strictly neutral ; the salts of the heavy metals exhibit a decided acid re- 
action, while those of tiio alkali-inotals react more or less distinctly alkalino (Gaugaiu, 
Cowpt. rend. Ixix. 1,300). 

Subsequent oxporiincnts by Gaiigain Ixx. 74) leave it undecided whether the 

unstable surfaco-morlificatioii of the platinum is due to superficial impregnation with 
distilled water, whicli then acts electrically towards the acid, or whether tho action of 
the nci<l on the platinum produces on the surface a more electropositive com^unoj 
which is gradually destroyed on subsequent immorsion in distilled water. The drying 
of tho platinum at different temperatures gives rise to complications of the phenomena 
similar to those observed by Becqucrcl (p. 44 S). 

If two plates of platinum, the surface.s of w'hich have been polished with oineiy* 
paper, are allowed to remain in distilled water for 48 hours, no electric ciurrent ib 
generated when the two plates are brought into metallic connection through a delate 
galvanometer. If, liowever, ono of tho x^lates bo taken from the liquid, and itssutface 
rubbed with any soft substance, it is found, when plunged again into the distilled water, 
to be negative to tho plato which has remained in the water, Whw ^the 
rubbed with filter-paper, a force of 30 uniUi is developed : during friction with h®*® 
moistened with water 40 units are developed ; and if tho plato be 
linen for some time, and then with dry linen, the force rises to 5G units. The unit o 
force which serves ns a measure is the electromotive force of a tliermoeloctfic coup 

V The above values are given for tho force developed when the plii^ ** 

^^0 100 ^ % L ' Aflf 

Xdunged into distilled water immediately after rubbing; if, however, the JLj^ 

rubbing, bo allowed to remain, cither in dry or in damp air for some ^ 

generated on immersion gradually decreases. The current generated ^ 

.quickly after tho plate has been immersed for a short time; after; 
diminishoH to about one-half, but it is some hours before the twb ‘ 

fectly neutral to eMb other. The cause of these currents may .be ^ 

tho plate does not immediately become thoroughly moistened by 
taken out of the water, the liquid on the suriace wilt be seen jo W. to 

drops. The^ipUtor however, recovem its po-wer of Md^ thorough^ 
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1 -itcd in a spirit-lamp flame. It seems as if the rubbing caused a small film of grease 
to be deposited on the surface, which is destroyed by heat (Gaugain, Comp, rend, 
Isxiv. filO). 

Uei'clopmcnt of Electricity by Contact of Metals, Charcoal, g‘c. with 
lyaier, Acids and Saline Solutions (Becquerol, Campt. rend.\xx. 481). — 1. The 
lontact of a neutral saturated solution of potassium siilphato with a similar sohition 
If uoiassium nitrate, produces, with two platinum pLitcs, an electro-motive force = 3 -1, 
and with two gold plates, a force -* 2 (that of a Grove’s element = 100). 

0 Circuits formed of pure gold plates, and of gold plates alloyed with O'], 02 and 
O o copper, in distilled water gave the values 6*6, 7*5 and 11*2. The electromotive 
power incrensos therefore with the proportion oi copper ; the pure gold is less attacked 
than its alloys. 

3. Cold and its alloys were always positive* towards platimim, and gave llio 
clirtromoliv'o forces 2'8, 4‘o0, 0*8 and 7 ‘5. 

4. Gold aud its alloys were also positive to nearly pure graphite, giving tlio clcctro- 
luolive forces 5'6, 8*7, 12 and 14. 

, 5 . Pljitiuiim is negative to palladium and iridium. 

B. Grapliito containing trsiccs of iron is positive to puro graphite. The latter boily 
is Itss attacked by water than any other. 

The other bodies examined by Bccquci'cl are divided into threo classes: (1) charcoal is 
iMially positive when plunged into di stilled water (kept in jilatiiuim vessels to ensure 
rlic absence of soda). (2) Gold, platinum, palladium and iridium are sometimes nega- 
tive. (3) Silver and the base inet.;ils, after being moderately heated, arc always 
Mgativc. The po.sitivo excitement of charcoal is duo to the fact that after it has 
iiljsorbed air, it sJow'ly produces carbonic acid, this chemical action ron«lcring the 
chantojil positive, aud the water negative. This property may bo intensified by strong 
ijiifitioii. The action of distilled water on the iion-oxidable metals is intimately 
rdalwl to their capability of absorbing gases, especially hydrogen and oxygen, on their 
surface, and giving them up again at higher temperatures. The predominance of one 
or the other gas dotonniiies tlie irasifivc or negative excitation. 

The following experiments relate to tho polarising property of platinum : — 

A platinum wire enclosed in a tube and heated on tho siind-bath, becomes after 
liciiliiig : 

For a few minutes ...... positive to water. 

For half-an -hour . . . . ‘ . . negative „ 

To a little below a red heat .... positive „ . 

To a white heat negative „ 


Heated for a few seconds in boiling distilled water, it loses nearly all its polarisa- 
tion. These cffecls can only be explained by supposing : 1. That the aqueous vapour iti 
file atmosphere is decomposed under the influence of the metal, at a more or less 
elevated teniporaturc. 2. That a difFcronco in the mode of a bsorption of the liydrogen 
and oxygen takes pbico, according to tho time for which tho licatiug is prolonged. 
When perfectly dcpohiriscd, neither platinum nor gold gives a current with water. 
The negative excitation of silver and llio oxidablo metals after moderate heating, arises 
from their becoming covered with a thin film of oxides, wliich protects them from tho 
further a»'lion of the water, whereas a perfectly clean surface is attacked, and thereby 
becomes positive. This effect is analogous to tho passivity of iron immersed in 
»>itric acids. Many iion-metallic bodies, as white qiuirtz and white topaz, possess the 
same property as tho nom'oxidisablu metals of al^rbing gases, especially hydrogen, 
and becoming positive after heating. 

Contact of Metals with Acids, ^c . — When the free ends of two wires of gold or 
platinum connected with the polar wires of a galvanometor, are dipped into strong nitric 
atid, unci one of them witlidrawn, heated in a lamp-flame to free it from adhering 
liquid, and then imniersecl again, this wire becomes successively positive, negative, 
pwitivc. Tho first effect is probably due to capillary affinity; the sm^ond to the 
polarisation of tlio two wires by tho incipient current, and tho decomposition of the 
solution; the third to a second polarisation. If tho acid is dilnto, tho wire romaiiis 
positive for a few seconds, in consequence of absorbing hydrogen liberated by the 
composition of the water induced by heating. With hydrochloric acid, sulphuric 
ba •’ neutral saline solutions, such as sodium chloride or sulphate, 

riuui chloftile, potassium nitrate, &c., the platinum becomes negative in consequence 
bed during cooling, which in contact with tho liquid acquires negative 


of tho air i 
olectricity. 


oI negative are used In Bocqiierel's memoir, with rofeienoo to IJic direction 

to ?®rtIon of the drailt external to the battery, that Is to say la the sense opposlto 

assigned to then (IL 418). lu the account of hU experiments hero gl vwi , tho 
“•“uing of the termsbas been retsined^ that Is to saytjhe mere aetite meiat is eolMposHiv e. 
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According to Skey {Chsm, A'5?wj.?,xxiii. 221 ) electric currents of considerable intena’hf 
are dovolop^ by ei&er gold or platinum under tlio follo'wing circumsf ancos : 

Two plates of gold (pre|)arL*d chemically pure) are taken ; one is placed in a ooM 
partly filled with sea-wsiter, and the other in a porous cell containing ammoniun 
sulpliido, or sea-^ater charged with hydrogen sulphide. On making connection / 
small current passes from the gold plate in tho inner cell to that in the »)utcr. th . 

electric currents obtained in this way being able to decompose solutions of gold, sUwt 

and copper. ’ 

To avoid tlio eloetromotivo action described by Becquorol, tho solutions must bo 
previoiLsly boiled to ( .xpel the air from them, and the plates of gold or platinum im- 
mersed, wdiilc red liot, in the solutions. 

When pot.-isli or ammonia is substituted for ammonium sulplinlo, tho currentu 
obtained aro very much w<,*akcr. 

Khctromoiire Voun' of MrUdlic Sulphides. (W. Skey, Ckcm. NewSf xxiii. 2o5, 2fll] 
— Those siilpliidcs whicli have tho power of conducting aro also capable of generarin*' 
electricity. A ma.'-s ot' iron pyrites and anotlicr of galena immersed in sea- water aii<1 
conneeteei by copper-w’ires with a decomposing cell of cupric sulphate, deposited tJn- 
metal in a colior-ent form. Tho relutivu polarity of other sulphides is given in thu 
follow'ing list, wJiicIi is so arranged that each bc^y is jxisitive to all that succeed it ; 


Ferrous siilidiide. 

Majiganous siilpliido (manganese blende). 
Zinc sulphide (zinc blende). 

Stannic sulphide. 

Mercurous sulphide. 

Argentic siilphido (artifioial). 

Ijoad sulpliido (galena). 

Cuprous sulphide (copper glance). 


Cupric ferro-sulpliidij (copper pyrites). 
Ferric disulphide (cubical pyrites). 
Antimonious sulpliide (stibnite). 
Auric sulphide. 

Platinic sulphide. 

Ferrous arseno-snlphide (inispickcl). 
Carbon (gr;iphite) sulphurised. • 


Among t he metals, zinc stands above fermus sulphide, silver between silver sulphide 
and galena, platinum between platinic sulpliidc and mispiekel, and carbon must bo 
phict'd at the lU'gjitivo cn<l of the scries. 

When a piece of massive galena is placed in voltaic contact with amalgamated zinr, 
and both jiro imrnersf<l in dilute sulphuric acid, in such a manner as to expose ncarlv 
the wholo surface of tlio couple to the action of the acid, a galvanic current is at niifo 
establi.shed, gas is libcriitcd at the surface of the galena, and the zinc is rapidly dis- 
solved. If three or four such elements bo connected together, a current is proilurnl 
capable of decomposing acidulated water, and exhibiting all tlio effects of a snifill 
galvanic battery. 

Tho galena wliicli forms the negative element in these combinations may bo 
replaced by other jnctallic .sulphides, such as zinc blende, copper pyrites, ferrous 
sulphide, &c. : a diificulty, Jiowever, arises in establishing a current with iron pyrilrs, 
wliich may be overcome by completely immersing tho couplo in tho acid for a short 
time ; gas is immediately cvolvtjd at Uio point of contact, and tlio area of cvoliilion 
rapidly spread.^, until the wJiolo surface of the specimen has become active. Thopns 
liberated in a battery of tins di>scription is .sulphuretted hydrogen, the nascent hydiu- 
gen exerting a dc.sn]phurising action upon tho metallic sulpliido, tho ultimate efibet of 
which is in some cases to completely reduce tho mineral to the metallic state, Thew 
sulphides are also able to form among tlicmselyes a series of voltaic couples in 
presence of siiliiio .solutions, according as they differ from each other in res^pect totncir 
alfinitic.s for oxygen. Thus, ^lena and copper pyrites produce a voltaic couple in 
which the galena is the negative element, but tho functions of the galena flw 
when combined with silver sulphide, this latter mineral being decompose^ 'With 1®** 
f^ility. .b;, , 

Tho fact that several metallic sulphides are capriblo of performing tlio 
the negative element of a galvanic couplo, shows that fJiese minerals are 
conductors of eltjtjtricity, to an extent, indeed, not hitherto recognised. Moreover sip® 
dissimilar siilpliidos generally ore capable of setting up a galvanic action, 
chemical decomposition among thcmsolves, these phenomena may porhapo hoTe B®** 
relation to the formation and decomposition of motalliferous lodes. /f;;. . ' 

IMwanlo Batteries. Favro rcnd.\%x\, 214)haBConBtruc((W h^^jj ^ 

tion of Daniell’s battery, in which' tho zinc plate is replaced by a plate 
palladium- This battery acts just like the original zinc-cot xs--*.rtn. 

exhibits in a ve^ strildog manner the chemical resemblance of 1 
the hydzOgeii coiis^tuting fact tho active element, 

Zalowski 321) has ct^structeda dietdt ofl 
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of two porous vessels placed one within the other, the inner one containing nitric acid 
•iiid a carbon, the outer one sulphuric acid, and the whole being enclosed in 

\ vcls<d contiiiuing solution of sal-ammoniac and n zinc plate. 

Nctlleton(CAe»i. News^ xxii. 228) replaces the platinum plates of Grove’s battery by 
iiluniinium. He finds tliat two couples with aluminium plates, 4 inches long and 1*^ 
inch wide, docfimposo water very quickly. 

Figuicr (J. Pharm. [4] xi. 280) replaces the platinised platinum in Smec’s battery 
by charcoal covered with platinum or silver. To produce the platinum deposit the 
piate of g!i«-rotort charcoal is painted with a moderately strong solution of xilutiiium 
chloride and heated over a Bunsen's burner till the metal is reduced. The silver coat- 
ing is obtained by painting the charcoal with a solution of silver nitrsito, converting 
the nitrate into chloride by holding the plaf^ over fuming hydnjchloric acid and hcat- 
iiig it till tho silver chloride melts. The reduction to the mctiilJic state takes placo 
in"thc battery itself, being produced by the hydrogen evolved at the comnienceiiiciit 
of tho action. With plates thus coated, tho liyclrogoii all eseax^s in bubbles, without 
polarising the charcoal. 

.Still more economical is a coating of finely divided carbon, wliicli may bo produced 
by boating iq) the contents of an egg with five or six times its bulk of water and Inilf 
its bulk of syrup, coating the charcoal with this mixture two or threo times, drying it 
oiifh time on tlie surface, and then heating it over a gas or alcohol flame till it no 
longer gives off smoko. 

Plates thus prcx)arecl and well w'ashed with water are said to give currents which 
romiiiu constant for years ; and tho lotteries, which aro clean and easily managed, 
iippoiir to bo well adapted for applications in which large quantities of elect ri city 
nro required, such as electrodeposition of metals, electric lighting, magncto-electric 
uiacliiiins, &c. 


II. ITigliton {Ciiam, iiWw, xxiv. 142) describes some new galvanic combinations 
ooiUrivcd chieflv with tho view of removing tho hydrogen and its products of com- 
bination from the surface of tho negative plate. This may bo effected in all known 
hiitterios liy heating tho liquid from below, so that tho bubbles of vapour thorol^y 
liberated may carry tho hydrogen with them. Every form of battery is said to bo 
greatly incroa.s(‘d in jiower by this expoclient. In Daniel I’s battery llighton proposes 
to surround tho zinc with a solution of a neutral sodium salt and sodium silicate, or 
biMor, to uao magnesium a.s tho positive plate, and surround it w*ith a solution of 
nitriitc and silicate of sodium; this combination is rati icr costly, but affords a very 
Nliurig find constant current. A very complete and not too costly oxidation of tlio 
liydrogcn evolved on the carbon plate may bo effected by surrounding this plato with 
aocliuni permanganate ; the supply of this Kilt must, howover, bo continually renewed if 
a constant current is to be kept up. 

'fhe best and cliGtapest oxidising agent, however, is said to bo atmospheric air. To 
render it available in this way, tho negative x^lat'O of platinum or charcoal is placed 
in a deep earthen ware cell, and jmeked in ash or siinihir porous material, wliieli i.s 
wjittod, but not filled, with nitric aciil. A moist porous envelope is thus obtained, in 
which the deoxidised substances find sufficient atmospheric oxygon [and nitric acid 
vapour] to rooxidiso them. 

{SUl. Am, J. [3] i. 247) has examined a number of liquids with 
Ji'Rard to their use in galvanic combinations. Tho following arrangement wns found 
^ constant current for 12 hours, without tho iiiconvcnicnco of acid fumes. 

. ? round the hollow zinc cylinder of an ordinary Bunsen’s coll is filled 

wiin siilpliuric acid of sp. gr. 1-84, mixed with 0 vol. water. It is recommended to 
eare tJie aeid thus diluted to st^ind for somo time till all the lead sulphate has settled 
cvlTmi '*^**^^ 'ISO of the clear liquid. To fill the porous cell containing the carbon 
atP 1 oo^^niercial nitric acid is saturated in a warm place with potassium bicarbon- 

v-J n»3ced with a third of its volume of sulphuric acid, after which a quantity of 
water IS arhwi .. 1 ..i -1 : rm.^ _ j i:!; 



H fill » 1 eioctroraouvo lorce oi rnis comoinnuon is cqut 

^^^lisen B element, and tho internal rcsistailce one-half that of tho latter. 

®ugge i inner liquid by a solution of chromic acid in nitric, acid, 

Jftotivo found also to give a constant current, having an clectro- 

sauic oqual to 1'2 tliat of a Bunsen’s element; tho internal resistance was the 

coiubUmtio^^ price of chromic acid, however, i|B an obstacle to tho general use of 

consisting of zinc and charcoal in a solutioA of chromic acid in 
/Ac ftcid, devised by Bunsen, is described by Roscoe in tlie Reports of 


^^sockUioM < 1870^1 
a Grove’s blemtnit as 21 


. 47 ). 
18 : 


Its electromotive power is there laid'' to bo to 
Bhorples found it to be t#ice thint of a Daniell’s 
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and 1'2 that of an ordinaiy Eunson's element ; but the current was not constant and 
tho zinc was strongly attacked by the chromic acid. The use of manganese dioxid'd 
and nitric acid in tho porous coll of Eiinscii’s battery gave feeble results, th',. 
strength of the cnirent being — 1*13 of ii Danieirs element. Tho current was vni-iutlo 
and nitrous fiimcR were evolved. 

J. ir. Koosen {Vogg. Aiff?. cxliv. 627) replaces the nitric acid in Grove’s battery i.y 
a solution of potassium permanganate mixed with Jjth sulphuric acid; this combin.i- 
tion raises the electromotive fonus from 1-6 to 2*0 Daiiiell. To romlor the cunvut 
constant an addition of r'^lh to ^^th of strong; sulphuric acid is necessary. This ju-id 
decomposes the permanganate intiO oxygen which passes over to tho zinc, potash which 
remains dissolved in the liquid as sulphate, and manganic hydrate w'hich gradiuillv 
settles to the bottom us a black powder. As an atom of potash is sot free for t;;icii 
atom of zinc g ilvanically dissolved, the quantity of sulphuric acid eonsiiniod is doiihlo 
of that iu any other hultery : hence the large excess of sulphuric acid required. The 
use of cliarcoal instead of platinum iu this form of battery, is not found advantageous. 

Lcalunchi* s lialitry . — This zinc-carbon battery, in which tho porous celUoii- 
taining the gas-coke cylinder is filled up with a nnxtiiro of coarsely pounded Tiiaii- 
gancso dioxide and gas-coke, and tho exciting liquid is a solution of sal-animoniae 
(li?^ Sitppl. 555) has, according to J. Muller {Pof/g. Ann. cxl. 308), an eloctroniotivi; 
fon-e equal to 0'89G of that of a Daiiicirs clement, whereas Ijfichinch6 himself esti- 
mates it at 1'38. The difference between the two estimations is probably duo, at h‘:ist 
in part, to differcnee.s in the. degrees of pohirisation of tho elements experinieritiil on ; 
this polarisation, according to Miiller’s exi)eriments, being only partially removi !d I'Y 
the manganese peroxide. In fact, this oxide, by giving up part of its oxygon r '> 
oxidise the olcctrolytically separated liydrogen, becomes inactive after prolonged 

The loss of power in this Uattcry is also partly due to tho formation of a crystnllino 
compound of ammonia and zinc chloride, (NR®)'-ZnCl-, which is deposited in tho colls 
and on tho zinc-plate, and obstructs the action. The formation of this compurnl 
arises from tho liberation of ammouia by the action of tho manganese dioxide on tlio 
sal-ammoniac : 

2H^NCl + 7ai + 2Mn0‘* « 21PN + ZnCT- + IPO. 

Tho ammonia is at first set free, and combines slowly with tho zinc chloride when tlio 
two are present in the liquid in considorablo quantity. Tho frequent addition of 
liydrochluric acid to neutralise the ammonia prevents tho formation of the crysUllinc 
compound, and to a great extent tho diminution of power of the battery (Pnwozriik, 
A7in. cxlii. 167). 

Air-Battary (Gladstone a. Tribe, Proc. Roy. Soc. xx. 290; xxi. ;^47).--WliPn 
pieces of silver and copper, touching or connected by a wire, are immersed in Jin 
aenitcd solution of pure copper nitrate, a decomposition of the salt ensues, accompnnied 
by a deposition of cuprous oxide on the silver, with a corresponding dissolution of the 
copper, and a How of electricity through tho liquid from the positive to the nogatiro 
metal. 

Tho reaction may be represented by the following fprmulse: — 

Before contact ; 

m.\fr + 0 + Cii2NO» + Cu2NO» + »Cu; 

After contact ; 


«iAg + Cu*0 + Cu2NO* + Cu2NO* -*■ (« — 2)Cu. 

This decomposition takes places only when tJio oxygen ised solution of copper nitnje 
is in contiict with the silver, and it is inde^icudent of any action freO oxygen on tho 

copper ; and if free oxvgeu can be supplied to tho solution at the same rate as it 
bines to form cuprqus^oxide, the action will go on ah about the same rate ^ long^' 
any metallic copper' remains. 

To_ facilitate this as much ns possible, tho silver plateis^ placed in ahpriaotfW 
tion just, under th6‘. surfnee of the liquid in tho cpll, and, in fhet, converted ihlio a 
silver tray full of crystals of tlm same metsU, which rise in prqjectionaabove thesttrra®^ 
Tho coiipev plate lies hori/.ontnlly under it, separated, if necessary^ 
muslin, and connection is m.idii by a wire. Holes are made in tho silver traytojf«^'“ j 
tato tho movements of the .salt in sfdiitioii. TJic solution itself may bp 
shi^llow trough or saucer, and tho whole arrangement put upoti a wppden stand, i 
plates being attached to two uprights fixed in tlie stancL ■ 

An incirci'ise iu area of the silver plates causes almost a. propQTtiqxL^^..,,^ 
current. Hogt greatly increases the activity of this (ximbioatipn, 
tion of 40** at 20°, gaye one of 250° at 50° ; and tho incroaap:; Ih 

of this ran^e osttempeiratu“- * ^ ^ ^ 

nitrate which gives about 


) was much greater iti the lower, v- ^ 
> maximum eflBjct is ; 
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Vrom tlio nfiturc, of tho reaction it might be expected that the current would gra- 
jlually diminish, on account of tho iiaiiig up of tho oxygen in tlio neiglibourhooJ of' tho 
silver. iSuch a diminution always does take place at iirst, and consequently agitation 
of the liquid has tlio effect of increasing iho uctlon. On breaking contact for some 
tinii*, so as to allow of the absorption of oxygen from tho nir, the current, upon again 
lijiiking cnntaci, is as strong, or nearly so, as originally. 

On placing a cell, with plates connected by a wire, under a bcll-jar full of air over 
iiierciiry, the mercury rose from absorption of oxygen, and the oxygen was so completely 
nniovoil l.lint a lighted taper was immediately extinguished in tho remaining gas. 

Comparative experiments with aerated and deiiuratod solution of copper nitrato 
diowed that the amount of action in tho latter case was small, a result clearly attri- 
hiit.iljle lothi! difficulty of completely excluding air. Two experiments were made 
;i like ill all respects, except that in t>rie case tho cell, used was filled with a solution 
simpl}' deprived of oxygon, while the other coll was filled with n .solution through which 
;i current of e.irhonic anhydride had licen passed for some time. Tho first wfis placed 
ill the air, and gave a doHectiun of 110 rising to 115, but the second was placed 
ill a vessel full of carbonic anhydride and gave a deflection of 20, which gradually 
IVUtoi?. 

'rin; euproiis oxide deposited on the silver is compensated by an equivalent dissolu- 
tion of tho eopper-platr*. The cuprous oxide is sometimes deposited in crystals visible 
lu tlje naked e 3 ’e, atuL shown by a lens to bo regular ocjtohcf Irons. 

Ojjc cell having j)liitc?s two inches in diameter was fouml suflieient to decompose 
Mil'll iiU'lallie sali.s as tho nitrates of copper, silver, and lead, platinum being used 
fii- tliij negative electrode, and for tho positivo tho same metal as existed in the salt 
( x|H rinieiii.ed on. Six colls were sufficient to decompose dilute .sulphuric acid, and dilute 
iivlroehUiric acid pretty quickly, copper cletitrodcs Iwuiig employed. 

Tlio thoorctical interest of this battery lies in the fact that it differs from all other 
Ciilvfiniv- arrangements, inasmuch as tho binary compound in solution is incapable of 
1>( ing decomposed either by the positive metal alone, or by the two motals in conjunc- 
ti(.in, without the presence of another body ready to combine wTlh ono of its elements 
wlicii set free. 

rirov<?'.s gas battoiy is e.'^sentially different from this, if the oxygon and hydrogcu 
coiuhiiiscd on the platinum plates play the part, of tJio tuo nictAls ; but it clo.sely re- 
scriililes (his battery, if hy<lrog(Mi nets the part of tho positivo metal, and platinum that 
of (he iiegalivi; ; tho dilute sulphuric acid will then bo decompo-seil on account of tho 
simultaneous presence of tho oxygon wbicli can combine with tho liberated hydrogen. 
^iL'W‘^;d in this manner, Grovo’s gas-battory is only a special case of tho reaction above 
ini ntioiied, and tho formulm will be ; — 
before contact ; 

mVl I O I TRSO* ( «JI. 

.After contact : 

«ePt I JIH) I I (?z—2)II. 

^ Blectro^caplUary aotion. (Bocquerol, Cmni^f. rend. Ixiv. 919, 1211 ; Ixv. 51, 
/20, 752; Ixvi. 77, 245, 786, 1066; Ixviii. 1285; Ixix. 1037; Ixx. 68. Jahre^h. f, 
1867, 111.; 18G8. 82; 1860, 155; 1870,143). 
f M tube closed at ono oud and liavirig a crack in tho direction oF its longtlj, is 
'led wjth a moderately strong solution of cupric nitrate, and placed within aiiotlier 
iioe containing an equally concentrated solution of sc^liiini mouosulphido, the inner 
vl level, no copper sulphide is formed, but after a 

ia deposited within the crack, and on the adjacent inner surface of- 
uijc, iimtallic copper of crystalline aspect, which gradually increases in quantity, 
ening the cnick, and ultimately breaking the tube. WiUi 'dilute solutions, the 
iciioii 18 tho same, but takes. pl|«o more slowly. 

Wul width, two plates of glasir or rock-crystal wei*o 

\vith “1® otliop, and hold together by threads, or by moans of ebonite pi’ovidctl 
Yejjj.pl plates were placed in tho upright position^ a small glass 
to *-^0 liquid to bo intr(3duced into tho capillary spaces;* was cemented 

'it leiist ends. ^ When they were to bo placed horizontally, tho upper plate, 

”'ni. (li^ ^®^t,imetor tliick, was perforated in the centre by a cylindrical hole of 4 or 5 
introducing the liquid. Sbmotimes alSb tliis aperture was sur- 
^■xort a e ‘ ^ 8^8** tube sovenil contimeters long, so that the column of liquid might 

■»'"rv wlim pressure on tho liquid in the capillary space, which is especially iieces- 
'•F llio nliit » of thp liquid is rendered difficult by very close approximation 

"iiorohif * 1 . *T also a strip Of iilter-iKipcr is interposed between the plates, 

<iwtpibutioQ of the liquid is rendered more uniform. Tho ^ndth of the 
^ CrC, - 
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capillary spaces, both of the crackotl tubi^s and of the glass-plate apparatus, ■was very 
exactly detormiiiod by means of an apparatus devised by K. Ilccquorol for measuring 
the electric resistance of the liquids contained in them, this resistance being Conipaivd 
T?itli that of the sanio liquid in a ca2>ill!iry tube of known diameter ; by this means tlio 
width of a capillary sj^acc may bo cstimatoil down to a few thousandths of a milli- 
meter. 

By means of iheso apparatus, retluctions may bo effected of copper, silver, goLl 
nickel, lead and tin. Tlio result appears to be diict^) the combined action of chcniieiii 
affinity, molecular attraction and electricity. The two liqnhls acting on one anotln'v 
through tlio capillary space form a galvanic couple, the circuit btang complctocl in tlio 
first instance by ccutJiiri parts of the walls of that space, and afterwards by Mjo 
sepjirattjd meta llic particles. The corwetness of this view may bo shown by dipping 
tho ends of a bent coppcr-wiro into the tube-a pparritiis al:)Ovo descriT)cd, so as to form 
an ortlinary galvanic circuit of two licpiids and a metal. The end of the wire (lippin<» 
the alkaline solution is then attacked and forms the positive polo, wliilu tluit 
which dips into tho copper solution forms tho negative polo, arid becomes ccu'cml 
witli metallic cop] )or ; at the same time thiosnlphato and nitrate of sodium aro formed, 
and the copper nitrate is ilecom)>oscd, but no trace of metallic copper is foi’me<l,eil;lu :- 
on the crack or on tho ufliaccnt portions of the tube, .its soon, however, as tho wiru 
is rcmovoil, the crack and the. inner surface of tho tube become covered with metnllu; 
copper. This shows that, in tho absence of the wire, its conducting function is dis- 
charged by certain port s of tho walls of tho capillary space. 

Effects similar to the abovo arc also produced by placing the metallic solution in ;i 
tube closed at the bottom with parehiiient-j»aper, and immersing this tube in tliu 
.solution of the alkaline sulphide. 'With this arrangenieut, metallic deposits aro 
obtained on llui inner surface of tho tube, sometimes of the thickness of several luilli- 
metors; but tho reactions aro more violent tliaiiwilh tlio previously described arrange- 
ment, and the ]iroduets alter more quickly. Ordinary paper and otlier porous boiiios 
arc altogctlior unfit for tllo production of this pheriomonon. On tho other hand, the 
sepiration of the liquid.s may bo effected by moans of .a tube tied round at bottom, 
w’itb linen, and filled to the height of 1 or o eontimotor.s with pounded glass or quart z, 
line sand or gypsum, tho interstices of which form tho capillary spaces. 

By means of E. Beequorel's apparatus above mentioned, it was found that tho 
rotluction of moat metals may bo effected in capillary spaces, not exceeding a few 
Imndn^dths of a niillimctcr in wi<lth ; but when the width is r».‘diiced to a few 
thousandths of a mi Hi meter, gold and silver are easily reducod, but other metals vciy 
slowly. Tho metallic precipitates formed in tho plato apparatus, exert so strong n 
pressure, that if tho bands do not burst, plates of 2 mm. tliick are somotimes brokin. 
d’liis action may explain the splitting of rocks in which capillary fictions take pI«wo 
in consequence of infiltration. 

Metallic reductions likewise take place when the two solutions (tJio alkaliDi- 
sulphide and the metallic .salt) aro separa.ted by salt water, or l»y water aciduktui 
with sulphuric or nitric acid ; but if tho alkalino snlphido or sulphydrate be repl'iccd 
by other liquids, as caustic potash or stsla, or a solution of glycerin in caustic soda, or 
a concentrated solution of sodium chloride, the rciluction either does not take place at 
all, or it is indistinct and not easily recognisable. _ . 

Electro-capillar}' actions may also be applied to the separation of silver or goh 
from copper, copper from inm, &c. A solution containing equal parts of silver nitniifl 
and copper nitrate jdaced in a tube cifised at bottom with parchment-paper, and 
iiiorsetl in solution of sodium sulphide, first yields metallic silver in dendntos o 
lanunsc, tho coppoi: not being reduced till after a coiisidorablo time. If a ° 
paper saturuted with u A'cry strong acid solution of ferrous sulphate containing onv 
few thousandths of copp(?r be pbiced Ijetwcen two glass plates, and the whole * 
mersed in u solution of sodium sulphide, bhick ferrous sulphide is 
on the paper, and upon it an extremely thin film of moUdlic copper, which i8 
completely BC'parate<l. Tlic copper does not i.»rocoed from tho paper, for tho 
results are obtained witli asbestos. In like manner copper may be 
rated from a solution of chromons chlorido, or from solutions of ^ 

From tho latter, the nickel and cobalt may likowiso bo precipitated, and nickel scjwn 

from cobalt. , ■ f nnoiir, * 

Electro-capillary plienomcnn, are also produced when, iustetid of a strip 
metallic pinto covered with a inpistenetl insoluble metallic compound is plaoed 
tu’o glass plates. When moistened iron pyrites is spread on a . clean tin 

placed Ixjtwecii two glass iihites, and tho cvlges cemented to prevent npoi 

iron sulpbido is gradually dccoin]xjsed, metallic iron is dciwsitod hero and. tn 
tho copper, and copper eiilphido is formed. In like n«u*ner with: a 
recently prop.ared copper sulphide moistened with distilled water, zinc • 
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cupronH siilpliiflft aro doposited on tlio zinc pliitc in al>ont a year, pvovid(;d the water 
1 ‘oeM not (^Viiporato. Witli n n ironplato and green euprie carbonate, crystfillised ferric 
<»xi(lc in olitciiiieil and sometimes ferrous earbonato and mehillie copper. 

'I'lic preceding methods may also ]>u applied to the prcpiration of various insohibli! 
(Mirl)onates, alnniinat<*s, silicates, &c. in tho crvKtalli.sed state. When a tube closed at 
the bottom with parcljinent-papcr, or wdth a double layer of .SAvedisli filter-paper, ami 
ooiit.'ilnijjg a moderately concentrated solution of calcium cldoi*ide, is immersed in a. 
}.i,]ii(iou of soflium bicarbonate, the latter penetrates the paper, and forms rlinml)olie- 
ilral crystals of calcspar. I7i like manner, aluminium silicate, lead chromate, barium 
jjiilplifiie, and barium carbonate may bo obtaiucti in tho crystallised sUitc. 

la tho follow irig experiments, tho nlkaliiio solution W'as placed in the tube, and the 
metallic salt in tho outer vessel. Concentratc'd solutions of potassium aiiiminatc and 
cliroinic chloride yiehl on the surface of tho diaphragm touching tdie alkaline solution 
(tlin jiOKilivo surface.) small hard notiules or laminm of aluminium monohydrate, 
f>**d <jn tho opposite or negativo surface green translucent himinmof chrdmic 
hvdrate having a crystalliuo aspect. Tho aluiainiuin hydrate apjiears under tlio 
polarising inicroscopo to consist of double rcfacting prisms ruiiningout into piyramids. 
Xf the chromic chloride bo replaced by hydrochloric acid diluted with an equal vohimo 
of water, the trihydrato Al“0®.3l-i-0 is deposited on tlic positive surface in translucent 
crvstalline crusts resembling diasporo. With ciqjric nitrate insteatl of chromic 
chloride, similar results are obtained in a short lime, but the crystals of blue cupric 
hyilrate often contain cupric silicate. These products are formed with peculiar facility 
whin both solul ions are concent rated, and there is no excess of .'icid on the one .side 
or of Jilhali on tho other. To obtain slow action, the tube mustbccloswl with several 
l.iycps of parchmciit-piaper. With potossiuiu alnminale and sulutloiis of nu'tallie 
sji'lls, no rediietion of metal takes place, tho elect i*oju olive force being smaller than 
when an alkaline sulphide is use<l. Similar results arc oldaincd with cup)ric nitrate, 
and a solution of /iiic oxido or lead oxido in potash; also w^ith solutions of anti- 
moiiiou.s ehloriilo luid potassium ahiminato; the oxides sep.'irato in tho crystallijic 
stfile, the one dissolve in potash on tho positive side, the one combine with aei»l on tho 
nogativo side. With silicate instead of alumiiiato of piotassium, there are depositod on 
tim positive surface, very hard, transiJnront, single-refracting luminse of silicic hydrate, 
:ih(jvu this is formed a deposit of transpearent gelatinous silica, wlindi gradually 
.'icquires an oj)aline aspect, but becomes transparent again ■when iminorse<l in water, 
Sind rcscniblos bydrophane. 

Ily the simultaneous uso of cupric nitrate, there is deposited on the negative side a 
hard blue crust, not however hard enough to scratch glass, from which by irituratloii 
and wasliiiig with a largo quantity of waiter, crystHlIino fragments are obtained, having 
the form and composition of dioptivse. With a solution of free alkali, instead of an 
iilki'dinij salt, crystallised cupric hydrate is deposited on the negative side. Tho 
reactions above described, alter as the diaphragm is more or less covered w’ith deposits, 
and cease altogether when tho crust has acquired a certain tliiekness. 

If the siimo experiments arc perfonncil at a temperature of n0°-80°, tho form of 
tho deposits is somewhat dilfercnt. If the negativo plate of a battery of five Danieirs 
elements ho dipped into tho solution* of potassium aliiminato and the positive plate 
into that of chromic chloride, no precipitate is produced in the former, but in the latter 
chromic hydrate is deposited not only on tho ixjsitive plate, but likewise on tho dia- 
phr.ngrn. On reversing tho polos, no precipibito is formed in the chromc-soliitiou, lait 
iiliimiiiiimi hydrate is deposhed in tho alkaline solution. 

It a solution of potassium carbonate bo Jilloweil to flow slowly on to a plate of gypsum 
placed between two glass plates, tho surface of the gypsum gradually becomes covered 
Y'h radiate gPoui>s of noodles with truncated summits, having tho physical and 
chemical characters of apoiJiyllite, a double silicate of potas.siumand ciilcium. 

If a tube closed with a double tliiekness of parchment-paper, and eont'iining carbon 
I'Ulplndo^ be immersed in. a solution of potassium aluminato to such a depth that tho 
iwo liquids stand at the same level, tho alkaline solution gradually passes through tho 
'■laplirsigin, and forms, witli tho carbon sidphide, a sulphocarbonutf;, which floats oii 
'e siirtiico of tho latter, wdiil.st the alumina is depositod as crystalline moiiohyilriifr 
diaphragm, and on tlio sides of the vessel. Tho same products aro obtained 
" ii'ii the diaphragm is omitted, and the ono liquid i.s miidu to form a. layer on tbo 
Mirfneo of tbc other. . 

ihe eleetroniotivo forces developed b}* Iwo liquids se]iaratod b}’ a capillary fissure, 
' very weak. Neutral solutions of ix>t«8siiim sulpha te, ammonium siilphidi*, 

‘ uim chlorido and sodiiqn nitrate are negativo in contact with distilled water. Pul- 
ilvV ” evolution three times ns strong as solutions of potassium nitrate or 

If *‘^iorido.^ Tho edectromotiv’o force varies with tho concentration qf the solution. 
mat of a nitric acid battery (Bunsen's) « 100, that of d solution of caustic potash 

a a 2 
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of sp. gr. 1-215 in conttict with water is 9-40; if the potash -solution he diluted with 
three times its Imlk of W'ator, tho electromotiA'C force will ho reduced to 3. 

The intensity of tho olectrochcjnical nclion in capilla^ spaces depends on tho olw- 
tvomotivo forc<», and the conducing power of the two liquids whicli are in capilljiry 
connection. The electromotive, force is indipj'iident of tho density of the liquids; Juit, 
this is not the case witii the chi tnical action, intismuch as this action is in direct- pro- 
portion to the coinlncting power of the eireiiit. 

AVhen nitric acid and solution of caustic juitasli are placed in tho eloctro-capillarv 
apparatus above descrihed (p. 449). the nitric acid is decomposed, tho oxygen, however, 
not separating at the positive side of the diaplirajpn, but appareiilly remaining in 
solution or conihining with the potash tx> form potassium peroxide. If tho jiotasli he 
replaced by a solution of p<itassiimi plumUite, the electromotive force rcnniins ncvirly 
the same ( « O'iO of the ssiiie-cnrbon clement); hut the che.mical actions elinnge if n 
metallic solution, such as copper or silver nitrate, or gold cliloritlo, bo siihstitiited fi,r 
the nitric acid. The copper salt then yields, on the negative surface of the dinphragm, 
a thick deposit of anhydrous peroxide of copper. With a solution of silver nitmte or 
gold chloride, tho metal is reduced, and peroxide of leail of considerable hardness is 
deposited on the positive si<le. Pure potash-solution is not capable of effecting m 
reduction of tho metals on tlic opposite side of the capillary partition, the presenco of 
an oxidi sable body in the alkali l;eing necessary to ilepoliirisc tho xiositivo side on 
■which the oxygen collects, and prevent tho development of the contrary current which 
interferes -with the reduction {Compi. rend. Ixxi. 197). 

Elec/ro-vapilhrr/ Aclions in the Animal Organism. — Eeequcrel lias endeavoured to 
show that clectrocapillary currents come into play in the conversion of arterial into 
venous blood, and in tho accompanying chemical reactions. Por the explanation of 
respiration and tho nutrition of tho tissue he sets out from tho supposition that wluij 
two difft*rcntly constituted liquids .separated by a tissue witli ijapillary pon^s. ad. rm 
one another through the medium of thesiJ peres, the walls of wdiich act as solid con- 
ductors, they give rise to electro-capillary currents, tho direction of which is such, 
that the surface in contact witli the liquid which play-s the part of an acid forms llm 
negative polo, the other tho positive jiole. These currents not only produce clicmiiMl 
combinations‘'and dccomixisritions, but likowi.so act ns mechanical forces in transporting . 
substances from one polo to the other {Ompt. rend. Ixviii. 1285 ; Ixix. 1037). 

Becquerol has also examined the electromotive force of tho liquids whiidi iscontaiiieil 
in the honc-ti.ssue of animals. AAnien aplatinum electrode is introduced into tho inarroM', 
and another applied to the surface of a bono of a froshly-killcdanimal, an eleetroiiiotivu 
force is exhibited .about half as grefit as that of a Eanieirs element. The liquid which 
penetrates all the pores and cliaiinols of the bones, develops, wlicro it comes in contict 
w'ith the liquid contents of tlic ncighlK>uring tissues, an abundance of negative elec- 
tricity, which, when platinum plates are introduced as above, unites with the positive 
electricity developed at tho surface of the bone. When the metal plates are rcmovetl 
electro-capillary actions at once sot in, the function of the conductor being then dis- 
charged by tho solid substance; of tho bone. TJie current devidoped in muscular con- 
traction, is attributed by Beequerel, in accordance -with Dubois-Rcymond, to the 
circumstance that tho muscular juice in tho interior becomes somewhat less alkaline 
(luring contraction than in the state of rest. Tho main result of tho investigation is 
that tho musclc-bone and noiTC -currents have a purely chemical origin, and arc not 
due to any peculiar electrical organi.sation of these tissues. In tho functions of the 
muscles and iien'es, electro-wipillary currents play the principal part (Campt* 

Ixr. 68). 

In the substance of the nerves <and br.ain, a largo number of currents are developed, 
in such a direction that the inner walls of the vessels and norves exhibit’ reduction- 
phenomena, and their outer walls phenomena of oxidation. Between tho grey substani^ 
of tho brain whicli forms tho outer, and tho whito substance which forms the 
part of tho brain, there i.s produced a contact-current « of the electromotivo fow® 
of the nitric aci<l (zinc-carbon) element. The direction of tho current is governed ty 
the law above explained (Bocqucrol, Covipt rend, Ixx. 345). 

Mectro-^apUlary Actions in the Vegetahle Organism . — The development of 
currents in the interior of grow-ing plants was observed several years ago « 

(Compt. rend. xXxi. 40), and by Wartmann {Arch. Phga. nat, xv. 301), 
these currents increasing w-ith tho vigour of the plant, and the quantity 
present in the several parts. Regarding these phenomena from the jaV 

point of view, Becquerol now infers from his experiments that the pith 
tissue in general are always positive at their contact with tho other tissues. ^ 

also, that the soil is always positive with regard to tiio roots, stem iiiat 

the liquids which inqistcn those organs or aro contained ia them. .He cohsw^ 
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tl,,. nositivo L'issuos, i)os4ti\-o lifinids, and tlic snUsiaiiccs di.sfcolved in tlio latter, aro 
i-u-litT in oxygon tlian tlie rest {CotupL rend. Jxv. 

of the jirea ding Pticnomnia without the aid of the FAectro-capillarg Hy- 
mtthciili.— O. Lofcw {J. pr. Ckem. [2] iv. 271) in of opinion l.luit llio so-calJcd eieetro- 
phononiona nmy l)o cxplsiinod w it Iiout calling in the aid of electric cunviitH, 
sjiiii nronost ;^ to def^igmito the inodo of action by the namo chcnwsynoac. 

AVlieii a luoderate-siiJed crystal of ciii)ric siiljdiato is irnmorsed in a concentrated 
•solution of potassium sulphide contained in a test-tube, the formation of a black crusty 
i(ti‘iipric .sulphide i.s ob.served, and soon after a <lark yellow col oration i.s seen to ascend 
li'iMU tluj crystals, indicating the formation of potas.sium disulphide. After Lwclvo 
hfnirs’ staiulhig, tlio black liiinjj formed at the bottom, under the crust of cupric sul- 
eljiilu, is baiuii to con.si.st of metallic cop[)cr. Silver nil.rato furnislies, nmler the same 
ioiiditions, only a small quantity of metallic .silver, whilst by far the grcatiu* part of 
the salt is iiotactod iqwn at all. Cry.stahs of cupric sulpha to covered with a. conccn- 
trutcd solution of potaH.sinm hy<lrato yi<d»l .‘i loose mixture of tlio black oxide and the 
Iivdi'.ile of copper, ami a bine solution of cupric, oxide in pota.^sinin hydrate, -wliil.st 
irv.‘<t:ils Ilf .silver nitrate under the same conditions remain, as in the other case, un- 
(illrrc'l below' a thin crust, of silver oxide. 

Now as tor every nioleculo of cupric sulphate a. molecule of cupric sulphide is 
f.irriicd, whil.st the water of crystallisation, having been .solid before, passes into the 
iiiliiiil stall*, it follow.s tJiat ibe crust of cupric sulphide must contain a great many 
more luoleeiil.ir ga]is than that of .silver .sulpliLdi*. for this rea.son, that siivi;r nitrate 
l•|J^llains no water of r 7 ’y.stal 1 isation. A crust of siiljihiile once formed, the process of 
dtrompo.sitioii will go on in the same rnaiiner as before, only wlieii the molecular gaps 
are large enougli to allow' of the pissage of more molecules of potassium sulphide, 
vvliil.st wh(?n the gaps aro too small, eheniosiiiotic deoompositiou, or electro-capillary 
plitnoinena, will be prodiicctl. The potuKsiiiui iiiiites Avith tbo group S0‘, metallic 
eoinu r heing sejiarated, Avhilst the sulpliiir previously i‘ombiiied with the potassium 
iviii.-iins ouKside the crust, forming pobis.siui)i disulphide. Tho crust of silver sulphide, 
on llic Ollier hand, liaving no gaps, soon puts a iiioro or less comploto stop lo the 
chemical actioti. 

Loi m' is of the opinion t hat many of those chemical processes which take jilace in 
iii)iiij;i) aijii vcgidaljJo organisms may be explained in a similar manner by supposing 
ili.ii llic ci'Llular mcinbrancs aro proA'ided with gaps, and possess a diilbreiit moiec'nhir 
f'l.ructiiri! for eaeh s])ecic.s of cells, 

Slectrolysls. Ocncral Laws. — 0. Quincko {Poyg. Ami. cxIia'. 1, 11>1) has do- 
vclopcd a new' theory of electrolysis, and of tho conduction of electricity in liqiiid.s 
hased on the a.s.sumpl ion that to each of tho two component molecuIe.s which make up 
i)ic entire luoleoulo of an eloctrolyte, there is attached a certiiin quantity of free elec- 
tricity, these quant ilics c and Avhich belong to the tw’o component molecules, being 
oil her the s;inio or difleroiit in sign and quantify. The separation of tho eomponeiib 
nioleciilos ari.si.s fi*oni tlui differeiit alfrjiction ■which tho scA'cral atoms composing the 
njo]ocuh:.s exert on tho two electric fluids. 

Tlie accelerating forces acting gpon e and d at a certain point aro expressed by — 


dY 

dx 


and 



Arhrro V dcnoto.s tho potential of tho free elcctricit}' at this point and tho force is 
ri!i-koiied a.s positive in the direction of tho positive x. Tho charges e and e' carrying, 
■'t** a rule, the particles to which they aro altaclicd along ■with them, soon attain, on 
■'U’i’ouiit of tho friction of tho moving mrticlcs against ono another, tho constant 
vilocitics 


V 


C . e, and v' = 
dx 


-cij.-, 

dx 


whern 0 .lud C' aro constants depending iipon the quantity of mass to be moved, ujion 
»'■ Irietion between tho particles, and upon tho force ■with which 6 and d aro retained 
atoms. Tho force separating tlio ions is proportional to their mean 
t^lJilive velocity, and is expressed by 

K = A(if-»') = - (Be — Bt-), 

dx 

^ ^ B = AC are constants. 

' 9 represent the section of tho clectroh'scd liquid, A its conductivity, and * the 
inten.<=iity, w'e gvt -- ^ i • 


r/ V ^ _ i . 
dx kfj * 


/ lie — B'f'. 

“ 2' a' 


and K 
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from which It appears that the force tending to .separate the coiistituenta of an olcctm- 
lyto is proportional to tlic of the current, tl»at is tlio strength of the current 

per iiiiil. of sect ioiifil area of tlic electrolyte. As long as thi.s forcjo is too siuall to 
ovorcomo tho cliemical alTiuily, the liquid will ln'luivo a.s an iusiiltitor, but it may 
become coiidnet.ijig by an ineroaso of the density ot the ciirnnit. 

l''roiii these equations, tJie following geiieivil eouelusions are deduced : — 

1. Tho force tending to sopaivitu tho ions iiicrcasi s with tlie eleotroniotive force of 
tho battery used, and is inversely proportional to tho length, but indepomhait of tJm 
section and of tlio eondiictivity of tho liquid, supposing the ivsistniioo of the rest of 
tho circuit to bo negligible in comi^irison with Ihiit of tlio electrolyte. 

2. Tho quantity of tho ions separated is proportional to tho mean rolative velocity 
with whicli they'- pa.s.s one another. 

3. According as the constitueiils of an electrolyte both approach to or recedo from 
an electrode, or a.s tlioy move with diflFerorit velocities in oppo.sito directions, tho coii- 
centratiori of tlio liquitl at this electrode will increase or deereaso. ^ 

Uuinclce's foniiuhe show further that tho comliicting power of a liquid incrcfises with 
ils teinporaturo :iml coiideii.salioii, and that, nniler coi'tiiin eirouinstauces, a maxiiinim 
of eoridnetivity may occur. They also show, in accordance witli the results of experi- 
ment. that tlio quantities of different siihstJUices soparatod at liie eleetrodes. and tlm 
r.itios of these quantities when soviu-al chemical compounds eoutiil nod in tlii! sjiniu 
liquid are <Iet‘oniposod simidtancously, arc iiulependont of tho density ot the current. 
I'urther, that in a unit of time, iliflcrcut numbers of eoinponenl. inolociilcs may p:i>s 
t lirough tlio same traii.sver.so section to tho anodi* and eatliodo, these iiumber.s beiu^r 
proportional to tho domsiiy of the eurrent and to a coiistiint peculiar to each liquiii, 
an L therefore iudepinuleiib of the density of the current. 

In most .salts tlie pjissago of the electric current is attended with a deci’ca.se of con- 
centration at. belli electrodes, wbonce it follows that tlie component molecules movo iii 
opposite directions, and c and t hav'O ilifferont signs. In solutions of CdP, Cdl’l*. 
/MCT^ ZiiP, however. Jlittorff {Vocfg. Ann. e. 512) obscpveil conccfUlration to like 
placo iit the anode, whence it. follows that e and e' are in those cases both of negativo 
sign. 

Conduction in Liquids tvithoui Electrolysis, — 'I’ho power of liquids to conduct olco- 
tricity without at tho same time undergoing decomposition being still somewhat 
doubted, 1 hough the experiraonts of baradny and of I'oueaiilt afford .stwiig argumenrs 
in favour of its existonco, Favro {Cornpt. rend. Ixxiii. 1153) has oudoavoured to settlo 
tho question by expori merits m.icle under conditions in whicli olectrolysis wasinipos- 


siblo. ... 

A Sinoo’s battery of two cells wliieh, so Jong as its two polo.s were unconnected, uul 
not evolve a .single bubble of gas, gave off, when it s poles were noniuicted tlipouglia 
voltameter, 20 c.c. of hydrogen in 24 hours, showing that tlio circuit was conipleto, 
and therefore that condiiclion took place throngh tlio {icidiilatod water in the vmtu* 
motor. No gas, how'cver, wa.s evolved from tlie voltametor, whether the acid hqui 
contained in it had boon previoii-sly saturated with tli© electrolytic gases, or had occa 
previously boiled so as to expel dissolved gas. On rej^dacing one of tho Smee s olomi’n ^ 
by a Danioll’s coil, a quantity of copper was deixjsited in tJio lattor, equivalent to . it 
gas given off by tho Snice’s cell, but no gas came from tho voltameter; and when so 
tion </f euiiric sulpliato m'hs suli-st itutod .as an electrolyte for tho dilute fiulphuric «i. 
it was found that, after four days, though a deposit of copper hod oceuwod m 
DanielVs cell, the negative plate of tlio voltametor did not e.\hibit a trace of it. 

These facts indicate a true conduction in ]iquid.s distinct from oloctrolyln! 
ferenco. In fact, according to previous experiments by Favro (p. 460), not lees 
three Smee’s colls, whoso voltaic energy is expressed by the number 16,000 
tniiU of heat for a certain amount of clicmical docomposil.ion, would be qn, 

effect the electrolysis of the acid liquor of the voltiinctor, in which, for a 8^ 
aniouiit of deeouqKisit ioii, about 45,000 units of heat are rcquirtsl. 

Electrolysis of Wo ter . — Oiladstono a. Tribe (Ur. Assoc. •« con- 

actions of the Sections^ p. 75) iiiid tlint pure v/ator nuiy bo docomMSOtl by 
junction with a more negative metal, the coimcctioii being made tlio 

liquid, or outside by a. wire. AVith zinc and copper tho effect increases 
plates are approximated till they are within about an iiie.Ii of each other, and 


anoi.iier, ino aeuixaion oi me gaivaiiomcuir snoweu mat wio 
porature from 40® to 80® was more than flonble of that between 20® aod 40 * 
experiment with n ‘ copper-zinc couple,* tliat is to sny, zinc-foil 
’ divided copper by immersion in a ililutc solution of copper fiiilphate, 1"® 
quantities of hydrogen were obtained;— 
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1 Mi-aii t'jiuptTiitnrc 

Duration of c.vperinicnb 

Hydrogon collected 

Ilydrogon per hour \ 

1 0-20 

3 hours 

.3'-l C.C. 

1-1 C.C. 

22 '2 

2 „ 

11*1 

0-5 

j illl 

45 minutes 

10-4 

1 130 

t , 

- TiiVO 

15 „ I 

10-5 

! 62'0 

741 

10 

20T 

i 74-6 i 


5 ., 

44-0 

5280 1 

' _ ... - 1 


TIic column shows the very greut accoloration duo to iiont. 

l''ivo olluu’ cxporinionts witli tho ooppor-/.inc oouplo in wliich tlio gas was collected 
iiinl nicasurwl at the oiul of ovcry 21 or 'IS hours j’iclded llie following results : — 

In cx|»’riineiit A, 33 4 grams of zinc-foil were employed, 2’G meters long and 0 05 
vi<lc. Th(! coils wero kept apart hy muslin. In experiment 11 there was used ono 
mi ter of similar foil crumpled up. 'J'ho two experiments continued almost /lari 
fni- iiinntli.s, tho amount of hydrogen gradually diminishing. Subjoined are thonsiills 
tif llio ilr.st. and last observations : — 

Jlcan toinji. llxjit. A K.vpt. B 

I);iV C“. e.f\ e.e. 

1 128 117'! 49G 

S4 lO'O ll-O 5-1 

Under tlioniicroscopotho bubbles of ga.s are soon to form, not on the zinc, but among 
dm copper crystals, and fiometiincs to make their appearance on tho glass at some 
off 

I'l'eni tlje position of ]ibitiiinm in tho eloctro-chomical series, it was anticipated that 
ilie cifcct would bo still more marked with that metal in a spongy state on the zinc. 
Tiu! rncfal was deposited from t lie tetrachloride, and thoroughly washed, "With O’ti 
iirntt r of foil I lie following (juantitics of hyilrogcn were obtained : — 

Mean Icinp. 

J)riv V«)I. inr.c. 

!' 11-7 U3'(> 

b 7-7 J2-3 

Siinilnr cffecls were obtained with waf er previously freed from air hy boiling. 

Iron niid lead, similarly coated with copper, also decompose pure water, and the 
fiction of nnigmisium is greatly increased by conjunction with copper (Piw. /?ey, Soc, 
\x. 218). 

A ni( 111 ! less capable than zinc of decomposing water, likewise produces a deflection 
of tlio g;dv!iuonicter if it bo iinital with a metal still more negative. Tho order for 
I'ure Wilier seems to be : platinum, silver, copper, iron, tin, lead, zinc, magnesium. 

When tho current of a single JJanieirs cell is pas.scd through pure water, the elec- 
trolysis is more easily effected between i>olos of a metiil which has a considerable 
iiftinily for oxygon than bctw«!on poles of a metal which lias but little affinity for that 
fltnu’.nt. ; with zinc poles, for example, tho iictiou is more tluiu' double of that between 
platinum polos of tho ssime size and at tho same distance. Tho order of efficiency for 
polctt ill the electrolysis of W’iitcp seems to be: platinum, tin, silver, copper, iron, lend, 
zinc, iiiagncsiura. Afl«r a few minutes tho jwwor of tin was found to rise above that 
*>1 copper. Tho other metals stand in the same order as in tho previous list, where 
day are arraugod according to tho fiicility with w'hich they produce electricity by their 
joint action on water. 

Keating the liquid between tho poles accoloratcs the action. With zinc poles tho 
‘ienection increases about fourfold between 6° and 80®, and tlio action increases nearly 
with tho temperature. ' 

When tho polos are formed of dissimihir metals, n current is established in tho 
wfectrolytic. (•ell which, ac.cording ix» its direction, cither adds to or subtracts from tho 
in the DaniclVs coll. Thus, if two polos of platinum be used, the 
wroot with watijr is vory minute ; but if the negative platinum pole bo replaced by ono 
^ zinc, pure water is (Tccomposed by ono coll of Danioll's battery with visible ovolu- 
of hydrogen. With poles of silver and zinc the following deflections wore ob- 


Pewith-o 

Xcfnitivo 

Deflection 

Silver 

►Silver 

27 

Zinc 

iSilviT 

52 

Silver 

Zinc 

7 

Zinc 

Zinc 

33 



456 


ELECTRICITY. 


W]ien, tJicrefore, tho dissimilar metals n'erc employed as poles, tlic decompoffition of 
tlio water was not tlio iiicari of that pi'ocluciblo by silver and by zinc, viz. 30, ljut 
30 + 22 when tho forces net od in tho same direction, and 30 — 23 when they acted 
against one another (2?r. Assoc. Ueports, loc. cit.) ' . ^ 

Meerrof i/sis of Alcokotic Iodides hif the Coppcr~Zinc Couple. —When zinc-foil cojited 
with copper, as ab»)vc, is heated to 100° with ethyl iodide, a decomposition takes piaoL- 
similar to that wliich is produced by zinc alone at highor teraporaturcs, a Small qu-miii v 
of gas being given oflj and cthiodido of zinc Zn(C“I.Pjl produced, .which, -wIkii 
gent ly heated, is resolved into zinc iodide and zinc ethyl. AVhon the' couple acts on 
ethyl iodide in presence of water or alcohol, ethane C-Jl" is given off, and zinc iodo- 
hydrate /ii(OII)I or ioilethylate Zn(OG‘'II*)I remnins behiinl. 

Tho iodides of methyl, propyl, and amyl airo tlccomposed in a similar manner (see 
tho several ^Xlcohot. JUdici.ks). 

XelatlOBS between Sleotrlclty bud Beat. .F. Gnthrio finds that the iv. 
action between an electrified l) 0 <ly and a neighbouring neutral body, ivlierehy tlio 
electricity in tho latter is inductively doconifiosed and attraction prrxiuccd, uinlorgoes 
A modification when tho neutral body is considerably heated. 

Under many circumstances tho electrified body is rapidly and completely discli.irgod, 
the action of discharge depending mainly upon the following conditions :—(!)' the 
temperature of tho disidiarging body, and its tlistanco from the electrified one; (2) 
tho nature (+ or — ) of tho hitter’s electricity, 

Vi^ith regal'd to (1) it is found that the discharging {X)wer of a hot bfidy (liniinisius 
as its distance increases, and increases with its temperature, depending, liowever. not 
n])on the quantity of heat radiated from tho hot body to tho electrified body, but cliiofly 
upon its quality. Thus a white-hot platinum wire connected with tho wirth may 
exercise an iiidelinitely greater discharging power, at the same distance, than si Lirga 
mass of iron at 100°, though the latter may impart moi'e heat to tho olectrifiisd body. 

Noitlier tho Jiicre reception of heat, hoAvever intense, by the electrified body, iiiiletis 
tho latter has such small capacity as to he itself intensely heated, discharges tlio elcc?- 
tricity if tho source of heat bo distant; nor is discharge eftectod when the electrifiocl 
body and a neighbouring cold one are surrounded by air through which iritenso hent 
is passing. Hut, for the discharge, it is necessary that heat of intensity pass to tho 
electrified body from a neutral body, within inductive Riiigo, 

WJiite- and rod-liot nictalMc neutral bodies exercise this discharging power even 
W'heu isolated from the earth, but always with less facility than when carth-coii- 
nected. 

Tlie hotter the discliarging body, wliellicr isolated or earth-connected, the raoi'o 
nearly alike do + and — eiociricities behave in being discharged; but at eert'iiii 
temperatures distinct diflferences art? noticed. Thu — electricity, in all cases of differ- 
fucts, is discharged with greater facility than the +. 

Various flames, Ijoth earth-conn ectod and isolated, have an exceedingly great power 
of discharging both kinds of’ oloctricity. 

The effects in regard to discharge are similar wIk.ti platinum wire, rendered hot ly 
a galvanic current, is used, and also when tho condensed electricity of a Leydeu jar is 
cxperiinoiited on, ^ . 

As hot iron sliows a preferential pow’cr of discharging — over + electricity, so it 
is found tliat wdiite-hot but isulabeil iron refuses to bo charged either with + or — 
electricity. As the iron cools, it acquires first tho power of receiving — , and .nfter- 
wiirds of receiving -f-. Further, W'hilc white-hot iron in contact ivith an electrified 
body prevents that body froju retaining a charge of cither kind of electricity, us it 
cools it permits a + charge to be received, and subsequently a — one. 

Many of these effects may, perhaps, be attributed to tho existence of an electnoat 
coercitive force which, like tho magnetic coercive of steel, is diminished by heat (P^k 
Muf/. [4'J xlvi. 257 ; Proc. Pop. Soc. xxi. 168). 

Thermic Equivalent of Electricity , — F. Xicchl (Wien. Acad, Per. !*• P] 
121), has re-determiued the therm ic equivalent of electricity, that say, wj® 
nutnber of heat-units producible by tho expenditure of a quantity of electricity .® 
of eliminating 1 gram of hydrogen at 0°C, and 760 mm. from water at O'*. 
quantity of lioat is the same as that which is developed by the combustion ^ „ 

of hydrogen at 0°, apd 760 mm. in oxygen under tho condition that tho rosiUti^ 
aqueous vapour is converted into water .at 0°. The principle of the determination is 
follows A voltameter and a rheostat whoso wator-equivalont is exactly known, a 
enclosed in a calorimeter and traversed for equal times by a current of constant stwngj^' 
When the voltameter is placed in the circuit, tlie-action is : evolution df 
natiifg gas, and production of a quantity of heat Q ; when the rheostate is insartea, 
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is simply tlio production of Jiriother quantity of lie/it Qj. TIio difiTorfiico Q,- Q is 
IhurcibPO ecinivalciit to the tlccomposilioji of N gmnjs of water, or to 1 ho elimination 
r ' N«r*ni of hydlMgen, Tho sinqdifity of tins pnrK*i])lo is soniewliat tlisturbwl by tlio 
Ijlarisiition of the electrodes, and by tho cin-iimslaiice that, uikIlt Uie most favourable 
^•hrinn.st;iiiccs, .the evolvoil detonating gas leaves the oaloriiiieler a1 tiui tcmporatui'o of 
t iu* latter, which is not exactly 0®, and under a pressure more or less different from 
'■(iO linn. ' Niue experiments gave, as tlio moan value of tho iherinie equivalent of 
ikvtrieit}', as alitn'o defined, tlio niiiiiber 3:idi)l. Tho experiments of Andrews on 
I lie diri i-t combination of hydrogen with oxygen givo 33808; thoso of i'avre a. 
,<:ilhtirnianii 3-14G2. 

Thcr mo^eicetr ic Action of Liq^tida and Metals. — Goro (Pi-oc. J2ui/. Soc. 
xi':. 324) has ex{iiniiio<l llic relation.s of the temperature and chemical aetion of metals 
i«i Vheir cleetrieal state. Two shallow chopper dishes connected by wires with a 
LMlv.iMuincter, were so arranged in a U-sliaped gla.ss vessel with vase-liko terminn- 
tioii.s, that tho under siirfaee.s of both eonld be placed in contact with any lirpiid con- 
uiiii d ill tho gla.ss vessel. One of tho copper dislie.s was heated by ixmring hot water 
into it, the other remaining at tho temperature of tlio atiriosphere. Tho general 
roi^iilts are as folloxvs : — TJio hot cop^ier dish wiw positive to iho cold one, when tlie 
.irtivr Jic|iiids were: hydroclilorie, lij^drocyaiiic, boric, and orthophosphuric aci<ls; 
cuprif’ chloride (weak solution); cobalt chloride ; manganous chloride ; chromic acid; 
ohrofiiic chloride ; zinc sulphate (weak solution); magnesium sulphate; calcium 
chliwido; .stroiitiiiin nitrate and chloride; barium chloride; sodium nitrate (.strong 
fsolulion); sodium chloride, ioditle, carboiiato, and <li borate; sodium sulphate (strong 
soluhon); trisodic phosphate; potassium nitrate, cliloridn, and chlorate; potassium 
liniinide (strong solution) ; potas.sium iodido (strong solution) ; potassium carhonato, 
hydrocarhoiiate and tlichromul-e ; ainmonimn liytlrateand chloride; pot.;is.sinm cyanide 
jiml frrro-cyanido ; zinc acetate; and sixliiim acetate. Negative in the following; 
nilric, clilorie, hyilroliromic, hydrofliiosilicic. and sulydiuric acids; ferrous sulphate; 
rupric chloride (strong solution) ; cupric siilplmte ; zinc sulphate (strong solution); 
«<>liuai nitrate and iodide (weak solutions); |>otnssium iodaio; chrome alum; am- 
iiioniinn aitivite ; oxalic, acetic, tartaric, and citric ncid.s. In several instances where 
the hot inct-tl was negative with a weak solution, it became imsitivo in n strong one. 
rik' (liri ctioii of tlie current appeared to be more influenced by tlio nature ofthofund in 
;i silt Ilian by that of the base. Tho currents appear to he duo cither (1) to tho direct 
iiilliicijco of heat, the effect of which would bo to niako tho hot copper negative in 
mill, and positive in alkalirio liquids; (2) to chomicnl action, W'liich sometimes over- 
]"iw'er.s the direct influonco of heat and rcvoj’sos tho effect; or, (3) to both these 
iiilhionccs coinbineiL Tho action of air in promoting oxidation at tho lino where iJio 
liiliiid and iiiutal como in contact with it, no doubt inlliieiices tho nmounf. of current, as 
•i.'so perhaps tlio direct ion. AVhon tho :iir-line is long, tho metal becomes elect rn- 
'U‘;^.‘ilive in all o.'iscs, and gives stronger indications wlieii the liquid has a powerful 
difinical action. 


To ascertain wlicthcr the quantity of current was duo to tlio iliffercncc in nnmbor of 
till! inolccolc.s of liquid touching the hot and cold plates rospectivoly, and also w'hat 
iiniount of ilifferouco of strength of liquid was equivalent to the 
ilifliTcncc of tcinpcraturo employwl, experiments were niado Fig. 15. 

"itli liquids of unequal strength, instead of unequal tompera- 
tim*. Tlio results show, that heat does not act simply by 
"iiisiiig ;i greater iniinbor of molecules of each substance to 
'airh tho hot plate. 

hollowing the suggestions of these researches, Gore lias 
jonslnictoJ a thermo-electric, battery consisting of twelve bent 
' ji^s tubes (fig. 15)^ closed at one end, and having a platinum 
I'ro Bunlccl iutQ that cud, each tube l)eing filled wdth a con- 
iicting liquid and having its outer end closed by a cork, in 


fixed a second platinum wire dipping into tho liquid. 






diicK 

|io upper ends of the tu&is aro lieated by hot water contained 
•in oblong tin box, having in its lower surface a long semi- 
to receive them. The tubes 1, 3, 5, 7, fl, 11 
■ iilod with a dilute sulphuric acid, tlie altornato ones ivith 
1 tious solution of potash. The phitiiium wires are coimected 
jrmitely nt top and bottom, by moans of binding screws, 1 
'***' top, 2 and 3 at bottom, 3 and 4 at top, and so on. 

»n^i,i produces a current very small in quantity, but of 

dI intensity. By employing electrodes of larger surface, such as spirals 

P concentrated liquids, the quantity of the current might be con- 

luablv incroased. ^ . 

^ has also shown that tho currents produced by the friction of a liquid against 
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a polar plato rotating in its own plani*, have no direct connection with those which 
are excited in tJio saino liquids hy heating; further, that tho thonno-elcctric pro- 
perties of liquids arc not diqx'iident on tho molecular fitpuctui'o hy virtue' of wliidi 
liquitLs, under the inHucnco of jiiagnelisni, ijohiriso light circularly. 

Noe 8 T/ii^nno-elccirio Jiattm/.—ln this battery the negative metal, an alloy simiJnp 
to German silver, is drawn into wdro ; the positive alloy,* which is very brittle ainl 
somewhat less fusible than antimony, is cast into cylinders. Tho metals nro joiind 
togi'thcr by casting the cjdiiider round tho thickened end of the wire, in sucli a 
mliniior that the wire is in the proloiigiition of the axis of tho cylinder. Over tlio 
wire a short copper cylinder is passed, and pushed up against tho positive metal, laii, 
it is prevented fr*oin coming in actual contact with it by tho interposition of a piece uf 
mica. Against these copper cylinders the flames of either gas or spirit lamps impingo, 
and are thereby preventeil from fusing tho jiositive alloy or burning through thp 
wire. Tho olements are placed in double parallel series, wliieh, in the larger bat- 
teries, .arc so mounted that they may bo used in various combinations, citherfor quantity 
or intensity. 

The electromotive power of one of these elements was found to be from 1'24 to 
1*36 of the Jacobi-Siomens’ unit, while tho electromotive power of a Danieirs cell was 
found to be equal to 12 of tJieso units. It requires, thoretbre, 9 to 10 Noti’s elements 
to equal J Daiiiell. AVith larger lotteries the electromotive power cannot, Iiowoylt, 
safely !>o raised above 1, otherwise superheating of parts is not to bo avoided. 

Tho larger battery examined consisted of 72 elements, which could bo combinod 
so as to form either, I. one series of 72 pairs, or II. one of 36 pairs, or, 111. IS 
of four pairs each. AVifh cai-li combination, tlie electromotive power, per element, was 
fjjimd to bo one of tho above units ; Ihe rosislaiico of a single clement was 0-05. A 
Ihinscn’s elemeiil charged w'itli concontrateil nitric acid and with siilplniric acid .of 
1 in 10, has an olectrornol ivo power of 20. and with a good ]ioroii8 cell a resistance of 
about 0’3 in eleiiienl s of tho u.«iimI size. With a groat external resistaiico, 20 of Noii's 
elements will therefore bti equal to one. of Bunsen’s. With a small external resistance, 
20 quadruple eltMiieiits are soiriowhat stronger than one of Bunsen’s. One Noes 
element is about equal to 11 or<liiiary bismuth-anlimony elements (temperature 
niul 100° C.) Even a single l^oeH olomont produces considerablo pliysiologiciil 
effects when used with an imiiiction ap]NiraUis. 

The abovo-nientionod battery of 72 elements effects, with combination 1. a copious 
decomposition of water ; with combination II. it sets in action middle-sizod Ruliin- 
kerff’s coils ; and with combination III. and spirals of thick wire, it prwluces power- 
111 I electro-magnets. 

Ill snliseqiiont experiments it was found that the battery could be satbiy heated 
higher lliaii was found expedient on the former serie.s: it then gave a mean eloctro- 
motivo power of ri4 per element, with a rc.sistance of 0’054 (v. Waltenhofcii, 

Ann. cxliii. 113). * 

A new form of this battery lias been devised by v. AValtenhofen, in whicli the 
negative wire fused to the positive metul is bent back from tho point of contact at 
acute angle. A small metallic rod is fu.sod to the two elements at this same point. 
I'weiity eleinfiiits are arranged in a circle, the metallic rods just mentioned hem" m 
tho centre. 'J’he space in the centre is covered with a plato of mica, and tho nictiilln: 
rods are then heated by means of a circular gas flame. 

The electromotive power of twenty such elements is (Miual to 19*4, one Bunson « 
being equal to 20. If a Baiiiell cell be equal to 12, then one of these cells is abou 
equal to 1. The rc.sistance of each element =-0y6 {Chem. Centr. 1872, 630). 

Thermic Phenomena in the Voltaic Circuit . — FaATe (Compt. 

309) has examined tho hoat-phoiiomona accompanying decompositions in the vel 
ciremit, hy means of an apparatus consisting of Iwo mere ury-calori meters, one 
served to measure tho iutornnl work of a 6-p:iir battery (zinc, ' lil,^ 

sulphuric acid) encloseil within it, the other to measure the external work. Jo™ 
second calorimeter w’ere successively introdneed : (1) A sixth couple, identical 
those of tho first calorimeter ; (2) a voltameter jconsisting of a pair of P 
plates of the same surfiieo as tho ziiic-platiiiurn pairs ; (3) a voltameter 
copper plates, likewise of tho same surface, but immersed in a solution of c«P 

sulphate. ’ \ i. v n ut» by 

In tho following table, A denot(‘S the heat (in units or gram-degroos) 
tho first calorimeter ; B, tho heat which i.s withdrawn from tho battoiTi and rop^ 
its extenial work, also in gram-degrees, botli reckoned for 1 ^ 

dissolved in tho battery ; 9, tho tangent of tho angles of deflection of the 
Q the heat, alro in gram-degrees, taken up by the voltameter from the bowW' 

* The compopition oC these alloys Is at present kept secret. 
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Piilphuric add used in all tJio exi^cn'nicnt.s coritainud in 1,000 cub. cent. 80-21 
liMiJis of anhydride. 


1 . llulk^ry alonn 

2. Avilh Ualvanomctor in the? 

oiirnit . . . . . 

IJarli vy, Gahanoniotcr and sixtli^ 

fonpUi . . • • •! I 

-1. Jlillcry, Galcaiionicfia* and A^>lta.-1 | 
(pla til 1 11 III with dilute sul- t 
acid) . . . . .J 

;j. llattia'y, Galvanometer, Vciltameterl 
( plat iiimiJ with nitric acid) . .{ j 

fi. Haltery. Galvanometer, Vohamelcrl 
(plariniiJii with cupric sulphate) . J ■ 
7. JJatliTV, Galvanometer, Voltameter | 
(platinum w'ith cupric nitrate) .J|' . 
S. llattery, Galvanoniotin', Voltameter? 

I'opjKU* with cupric sulphiito). . ( 

< 1 . ]lalt(?rv, Galvanometer, Voltameter? i 
(copper with cupric sulphate)*. 


A 

11 

S i 

1 i 

(! 

19,572 

382 

— 


18,471 

; 1,480 

3-1880 

— 

18,4(»2 

1,55-2 

3-6069 

— i 

7,975 

11,979 

01 095 

59,895 1 

8,888 

11,000 

00909 

i 

55,330 i 

1 

8.573 

^ 11,381 

0-7023 

1 

50,905 ! 

8.424 

ll.o.'lO 

0-8278 

57,050 

i 

1 b09l 

i : 

5.803 

1-8011 

29,315 ■; 

KhouT 

i 9,397 

! 0-5058 

1 

40,98.5 j 

1 ! 


U'iilioiit tlin current, 1 eq. sulphuric «cM (49) of the cHlntlon nljovc stated, niitl 1 cq. r.hie (.'i9) 
f>vi!vt;.i llMi.Vl f-jram-clesrco.-! oL’horit; inonKivcr, 1 eq. ciqiric siilphiite, and 1 cn, zinc evoh’od 

AVIion a sixtii couplo is enclosed in the second calorimeter, tho devedopment of heat 
tlici'cljy is exactly ono-fifth of that developed by tho 5-pair battery in tile first calovi- 
inotiT, inaHinuch as it proci'ods exclusively from this one couplo. "When the second 
• ilorl meter contains tho platinum Voltameter, which evolves no heat, the entire 
fjiiiiiiHly of heat proceeds from the battery, and tlio Iioat of tlio Hr.st calorimeter is 
<ijniiiii.^)ied by a corre.vpoiiding amount (i>. by the fifth part, of C). If the voltaiiictor 
U litti d wiili copper platc.s tho Jieat developed within tho .second calorimetcp proceeil.s 
I'iirtly from tho battery, [Mirtly Irom tho voltameter, the processes which take placo 
.•^qtarjilely in tlit! zinc-platinum couplo and the platinum voltameter here fjoing on 
simultaneously (dccomposilion of cupric sulphate, with a.s.sinn 2 )tion of heat from the 
liiitti ry, and formal ion of an equivalent quantity of ciqiric, sulidiat.e w ith develo 2 )raent 
«)l luial, which is a<lded to that jWKluct hytho eiirrent). Whereas therefore (in 3), the 
si-vlli couple in the socoiid calorimeter develops 19.954 units of heat fm* eacli equi va- 
unt of sulplnu-ic acid decom^iused, the volbmieter (in 4) con.sumes, for the same effect, 
units which it abstracts from tho current. Nearly tlio same value.s may bo 
ucduced from tho decomposition of tho copper salt in (6) and (7). After dciliictioii of 
/.D75 hcat-imits (which bVivro regards as requinKl to ovtnvomo tho rcsi.stance in the 
'oltJimetcr), there remain therefore ^1,920 units, and these express the quantity of 
ii'ut icqiiiivd for tlio deeoni^iositioii of 49 grams of lij^drogon siilidiatc (into iSO^ and 
’ the other hand, for tho comhinatiuu of SO* with H). 

'ri^ 1 ' conscqii(!iice.s from tho results obtained may ho .summarised n.s folIow's : 

ln! hittcry yiehls to the compounds whlcli itdecom2X).scs, the quantity of heat required 
OP llieir decouijiosilion, and this quantity of heat is larger iJian that w'liicli tho same 
I monts ill their oixli nary free stato evolvo in combining, hcca use, in tho form of 
|so .i ted atoms, they contain an excess of heat, which they give u]) on passing into 
leir ordinary condition of molecules. Thts nlterations which tlio elementary bodies 
xponenco before entering into true chemical coinbinatiou, or after separation from 
w d tlioreforo characterised by lipat-fdicuomcna which have no connection 

I those accompanying actual comblmition and docump().sition. Tleiico tlie slabililyr 
Ooni affords no measure of the miigiiitudo of tho affinity of its ♦dement.s. 

ufh?? *1 elementary cmistituents require for their separation equal quantities 

.1 decomposed wuth greater facility, the greater tlio amount of heat which 

-Mst ■ ''*^*'*-** p is.sing from the nawont stato («.<?. the state in wdiich they 

* combination and separate from it) into tho ordinary stute. 

portion of tlio licat evolved by tho chemical action in lln? battery 
he calorimeter, and is not available for the performance of u.s(‘fiil -work in 

»!Xt< rn!il part of the eirouit. This quantity of boat (= 6,000 units in tho experi- 

• III this experiment tbo distance of the plates was 30 min.i in all tho othera^hn. 
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ments above descrilicd) is tluit 'ivhii'li is dm* to the pnsssige of the hydrogen from the 
liiiBceiit to the oi’ilinsiry state. 

Tlie qiiaiitily of lient -whuih might bo supposotl to bo orpiivabiiifc to the work 
pemled hi the orientation of Iho iiioleculos of tlio electrolyte is so small that it nviy 1,,. 
lu-gleot wl. The concentration ami nature of tile liquid, and the distiiice betiveeii tin- 
iiiiiiiersed metal plates, likewise exert no appreciable influence on the distribution yf 
heat ill the circuit, and thondore, also, do not perceptibly alter its rosistmicc, 
greater influence appears to be duo to the size of tliu immersed plates. 

The remaining portion of the heat developed by the battery, that is to snylln; 
quantity which is transferriblo to the connecting wire, niid capable of doing Vurk 
outside the battery, may be regarded as the measure of the voltaic energy of tLo 
baltoiy. 

In another scries of cxpcrimenls rnid. Ixxiii. 800, 9t36) Favre lias ditvp- 

miiied the voltaic energy, F, of several bill l^ry-combinationS. That of a iSmue’s couple 
was found to be eq 11111 “ to 15,000 heat units. For a Grove's battery, in Avhich tho 
ordinary nitric aci(l is replaced by fuming nitric acid, JC = 49,817 heat-units. A 
zinc-platinum pair exiMted by a mixture of pormangiincso mid sulphuric acids, gave 
F = 39,234 lieat-uiiils. The same with hy^KKjhlorous acid gave 15 = 50,806. A 
combination, one pole of which was foniied of a plate of hydrogen i sod pfilliidiiiin im- 
mersed in dilute .sulpliiiHc acid, while the other pole consisted of a platinum pbitc in 
solution of cupric sulphate, gave K = about 1,000 units. 

Tlie results obtained in the electrolysis of the principal oxygen-acids arc given in 
the following table, in which column 1. indicates tlie voltaic energy of these ncitls as 
directly determined (in the battery); column II. the same as calculated from llm 
number of heat-units transferred from the battery to the acid when the acid is clectn)- 
lyscjd in an ordinary non-part itioiied voltameter; and column III. the same as dotgr- 
minod by eloolrolysis in a voltameter divided into two colls by a porous diaphragm, so 


that the Separated tdciuoiits cannot reconibiuo. 

I. JI. 111. 

(Tiromic acid . • • 30,225 31,279 34,176 

Permanganic acal . . . 39,234 42,617 45,304 

Fuming Nitric acid . . 49,848 52,822 47.646 

Concentrated Nitric acid . 40,447 46,786 44,190 

liypoclilorous acid . . 60.807 55,754 .01,908. 


For the hydrogen-acids electrolysed in a partitioned voltamotor, the followng 
results were obtained: 

Ilydnxililoric acid ...••> 173,468 heat-units 

Ilydrobroniie acid » 177.108 

Bydriodic acid 173,629 

The difFercnco between tho fir.st and second of these numbers is equal to that 
between the second and tliird. « *1 . 

A •Sinee’.s battery in which tho sulphuric ncid is replaced by one of tueso u t 
haloid acids, exhibits the following degrees of A'oltaic energy: 

With Hydrochloric acid . . • . 10,738 lioat-units 

„ Hydrobromic acid .... 14,967 .. 

,, Ilydriodic acid 14,584 .> 

FJectroli/sis of the Oxides and Sulplutles of tlie Alkali’Tmtah . — These 
decomposed by batteries whoso eneigy is smaller than that which 
proilucc tho same conipoumls from their con-stituents, because the onei'gyof the 
IS strengthened by that which is brought into play by the oxidation of 
Tliis oxidation is a syn electrolytic eflbct, »>., one which takes place me . 

with and during the clcctrolysi.s. The quantity of heat abstractetl from tne 
bj’ an alkali subjected to electrolysis i.s the same for all the alkalis. This q 
lieat (about 50,000 units on the averago) is made up of two j^rtionB, - morf 

of combination of the water — 34,500 units, and the quantity, equal to ™ (jf 
than 1,400 units, which is developed by tho passage of the place 

the water from the active into tho ordinary state ; this last change, wiucn kww* v 
after the electrolysis, is called m eta- electrolytic. t/- voltameter 

The process of decomposition in tho sjilts is exactly similar. H ■ 

coTiUining the salt be divided by a porous diaphragm, so ns to prevent the 
tion of tlie ucid and base, the quantity of heat evolved is diminished ^ pepro* 

combination, and amounts, on tho average, to 14,000 units. If the conw 
Auction of the oxide bo prevented by pouring mercury into a powus 
cell in the solution, and surrounding it with a platinum plate forming v 
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T)olc BO that the metal may be immediately amalgamated at the negative qniclcBilver 
^ace, tlie decomposition does not become rapid nnloss the energy of the battery Ijo 
^ensidorably incrcaeocl. A very veak, slow decomposition does indeed take jdaco, 
because tlio amalgamated metal nnder^es gradual oxidation ; from the snmo cause, 
•il«;o the strengthened battery attains its full decomposing power at a degree of energy 
iomewhat below that which is, indicated by theory (Favro, ConvpL rnid. Ixxiii. 767, 
1036). 

Electrolysis of various Acids and Salts . — Experiments on the electrolysis of acetic 
aciti, zinc acetiite, formic acid, cupric formate, oxalic acid, sulphuric acid, moiioliydric 
phosphate and aqueous phosphoric acid, have led to tlio following conclusions : When 
the electrolysis is difficult, as in the case of encetic acid, and tlio voltaic energy of the 
battery i-s small, the secondary reactions, winch usually take ]phice efter the true elec- 
trolysis, and i>rodiico heat not transferriblo to the circuit, always tend to strengthen 
the energy of the battery. On tJio other hand, the more the energy of the battery is 
increased by using a greater number of cells, the loss does it appear to be strengthened 
bv the secondaryTcactiona in the voltameter. It is, tliercforo, very difficult to detcr- 
nliue cxHctly the quantity of heat which is duo to the battery and transmissible or not 
trati.'smiK.sihlo to tho circuit. The secondary fictions above spoken of are sucli as are 
jirodiiccd by tho hydrogen and oxygen set free during tlio electroly sis, the first being 
bnrned, tlio second oxidising any combustible substances present {Compt. rend. Ixxiii. 
11S6). 

In tho electrolysis of tho sulphates of zinc and copper, and of copper nitrate, in I he 
VDltamoter, the following quantities of heat Wero found to be transferred to the volla- 
iiK'tcc from tlio battery : 

Zinc sulphate «... 65,«510 heat-units 

Cupric sulphate . . . 39,415 „ 

Cupric nitrate . . 37,770 „ 

liVhen mixed saline solutions are electrolysed, very different results arc oljtained, 
iiriording to the proportions of tho mixture, tho voltaic energy of tho battery, the i.'lec- 
resistance of tlie salts, and tho more or loss rapid course of tho operation. Sul- 
pluu’ic acid behaves like a salt, ISO 'll", and its gradual liberation during the eleidro- 
lysis of zinc or copper sulphate, consequently exerts a continually increasing influence 
on ilio amount of heat developed in the decomposition. In fact, a groat part of the 
Hilplniric acid set free during tlie clectrolj’sis of zinc sulidiate is electrolysed in.'-tead 
cfihozinc salt, because it offers less resist.inco to dccomposilioii, and consequently 
less heat is witlidrawn from tho battoiy than would bo required for tho decompositiou 
'f Ihn zinc. sail.. This electrolysis of the sulphuric acid iristcml of the metallic salt, is 
?r(':iily aiigiiieiited when the resistfince is increased, us, for instance, by inserting 
hi! thiTniorheostat. Tho disturbing influence of tho sulphuric acid can bo avoicletl by 
‘inployiiig a largo quantity of zinc soliitiou, about 2 litres, in the voltameter, because 
hen the sulphuric acid formed during the openition is immodiatt'ly diluted to such im 
istciit, that its electrolysis, in comparison with that of tho zinc salt, may he nc- 
rlccted. 

}V]ien, on the other hand, cupric aulpliato is electrolysed, which offers Ies.s resistance 
its decoTiipo.‘<itlon than sulphuric acid, the quantity of tJic latter increases rapidly, 
it heconies nceo.ssiii^ to employ the themiorlieostat — (l)in order to render llio 
'';'ist{inco of tho voltameter small compared with tho total resistance of the circuit ; 
2) lo retfini the electrolysis so far that tho cupric sulphate may have time to :ippro;icli 
ic negative elcct.rodo in the same proportion in which it is decomposed, as otherwise 
siilphuTic acid would bo electrolysed in tho place of copper-salt. 

In electrolysing a mixture of tho throe sulphates of zinc, ciidmium, and copper, 
I'-'To liHs suecetxled, by altering the condition of tho experiments, in obtaining at 
‘11, one metal op two metals at tho same time, or all three metals in certain propor- 
f'Hf'. The results of the operations vary, 1st, witli the voltaic energy of the battery; 
'•I. with tho electrolytic resistance of tho salts employed ; 3nl, witli tho relative 
|<Jiit.ity of each salt ; 4tli, with the more or less rapid progress of the o}Teration, 
‘rti can ho pcgulatcd by means of a rheostat. 

teltamelers in which the whole of the hydrogen evolved by decomposition of hydro- 
'•nne or hydriodic acid is taken up by free ioilino or bromine dissolved in the acid. 

"‘^‘^oriling to Eavro, tho only ones in which tho quantity of lie/it con.sumed in the 
‘■oniposition is equal to that which is liberated in recombination. In tho electrolysis 
I^Pric sulphate between copper plates this is not the case, nlthough hero, also, Iho 
doconiposcd is immediately reproduced, but a certain quantity of tho voltaic 
transmitted from tho battery to the voltameter is converted into heat* and 
Bins in tho voltomotcr as heat not transmissible to the circuit. Tho conversion of 
Jc energy into heat, probably takes place wliilst tho metal passes from tho state 
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in -wliidi it is present in the saline solution into its elementary state, rosumine its 
mctallie propoi’tics. On the other hand, the copper of the plate.s, in order to 
from its truly rnetalHc state into tJiat iiiodilicatioii in M'hich it exists in its solutions' 
consumes heat derived from the batt«*ry. On making this cxp(^pimellt, first with plnt^ 
of rolled copper, then with plates covered with clectrolytically deposited copper^ it ih 
found that tJio rolled copper possesses loss heat than that which is deposited by 
trolysis. 

If from the 10,500 heat-units evolved during the electrolysis of cupric siilphiitc 
between platiniim-platijs, wo subtract 1,000 units tUic to ilio separation of copper. Vo 
obtain 9,600 units as the tluirmic expression of the change of state which the exygi-n 
undergoes during its liheratioTi. ' ^ 

The analogous expression for the liberJitioii of 1 ecpiivalcJit hydrogen is 4,000 liiiit- 
units, obtained l>y subtracting 9,500 from the 13,600 units evolved during the 
trolysis of one equivalent of hydrogen sulphate between platinum plates (ihvi*c. Com-)t, 
rend. Ixxiii. I'JoS). ^ 

S&SXMLBXTTS. The volutions between the atomic weights of the elemciiturylMxUcs 
and their plij-sical and chemical characters, already explained in the article ‘Mi tits, 
Atomic Weights, and Chissification of’ (vol. iii. p. 975, S(?cond edition of lliis iJietio’i* 
ary), have been lurtlier liovelopcd by Mcndelejcff in iiii elaborate i)apur {Aim. Ch. 
Pltarui. iSuppf.xW'u 133 229). 

INJchdclcjt^ft’ points out tliat when the elements siro arranged according to the onlfi- 
of their atomic weiglits, from Jl = 1 to U = 240, the relations he! ween their prniXT- 
ti»‘s and their atomic 'weights, exhibit the form of a periotlic function. If, for cx;miplo, 
the fourteen elements whoso atomic weights lie between 7 and 30 be thus arrangcii : 
Li =7; (> = 94; B ^ 11; 0 = 12; N = 14; O « 16; 1' 1‘). 

Na = 23 ; Mg = 24 ; Al 27 3 ; Si = 28 ; i* = 31 ; S = 32; Cl = 3.r.>. 


it is seen avt once that the characters of these elements vary gradually and rtgnljuly 
as their atomic W'eights increase, and that this variation is periodical, i.e. varies iiillii' 
two series in the same manner, so that the corrcspoiuling members of thc?so series jirc 
analogou.s to one another ; Na and Li ; Mg and (r ; Al and B ; »Si and C ; S and 0, ^r.. 
forming similarly constituted com^iounds, or, in other w'ords, possessing equal atouiidl.v 
or combining capacity. Moreover the combining capacity of the elements in oiidi 
series increases regularly with the atomic weight, the first members forming mono- 
chlorides, the second dichlorides, the third trichlorides, &c., or corresponding oxicUs 
or oxj'chloridcs. 

The physical i-liaracters of the elements and their corresponding compounds likowi.-i! 
exhibit remarkable regularity when thus arranged, as may be seen with rcganl to 
the specific gravitie.s and atomic volumes of tho elements in tlio second series 
given : 


ihc 


2Sa 


Al 

Si 

P 

S 

Cl 

Sp. gr. . . 0'97 

1*75 

267 

2-41) 

1-84 

206 

1-33 

At. volume 24 

14 

10 

11 

16 

10 

27 


M-'-'O- 

A1=0' 

Si-O^ 

r-o-' 

S"0" 


iSp. gr. . . 2'8 

3-7 

40 

20 

2-7 

1-9 

(?) 

At. volume 22 

22 

26 

45 

6o 

82 

(?) 

t of tins other eh nieiits may likewise 
Ts of which exhibit similar relations, e.g 

l.»o arrangotl 

in gTOup.s 

of sevea, 


(M 

In 

Si» 

yjj 

To 

I 

At. wiuglit . 108 

112 

113 

118 

122 

126? 

127 

Sp. gv. . . . 10‘5 

8*6 

7*4 

7*2 

6-7 

0 2 

4'0 


•Such a group of seven elements is called by Meiididijeff, a 6 malt period or j„j; 

'fho elements which can ho thus seriated are contained in tlw first seven co 
of the table on p. 463, those in tho same column having equal combining cnpaci }r 
therefore forming oxides of corresponding comiX)sition. - rori’e- 

On comparing the .several series in this tiible, it will bo observed 
spoudiiig members of an even, and of tlie following uneven series (tho fourth 
for oxamplo) differ from one anotlicr in character much more than ihc correg ^ 
memlKsrs of two even or tAvo uneven series {e.ff. tins fourth and sixth or tho ^ 
seventh); thus calcium resembles strontium xnuch more than it i-esembles 
members of the even scries are not. so distinctly mctsilloulal /jn, their 

series; and tho last members of the even series rc.'scnible in man*^ 

lower oxides, &c.) the first members of tho uneven scries. Thus jianJ. 

gtineso in their basic oxides are analogous to copper and zinc. On tno o 
strongly marked difibroncos exist lictwecn Oio last members of tho nno 
(haloids) aud tho firat members of' the following even series (nlkalirittw V: 



Groiij. I. j Oc>npU. 1 tJro:iii Ilf. Groiiii IV. 


ELEMENl’S 



i03, All =109 
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between the last members of tlic oven scries and the first mcinbors of the uneven series 
thero occur, aceordirify to the order of the atomic Avcights, all those elements wliii'h 
cannot be included in the small periods. Thus, between Cr and Mn on the one liaurl 
and Cu cMnd Zn on the other, there como the elements h'o, Co, Ni, forming the follow-’ 
iiig transition series : 

Cl* = t>2; Mil ~ Oil; I'e = 56; Co =» 59; Ni — 59 ; Cu — 63; Zn = G,*, 

In like manner after tlio sixth series follow tlio metals Bn, Bh, Pd ; ,iud after lh« 
tenth. Os, Ir, Pi. Tlicse two series of seven terms eacli, together with tlio three inter- 
vening members, form a loufj period of seventeen members. 

* As these inti^nuodiato members ai*o not included in either of the seven groups df 
short period, they form a group of thomsclves (the eighth), some of the nuinbos of 
■which, viz. 6s and Bn, are capiblc of forming oxides of the form BO* or Tliis 

group contiiins nine metals, viz.: — 

Be - 56; Ni = 59; Co = 59. 

Jill = 101; Bh = 104; Pd = 106. 

Os - 193? Ir = 195? Pt 197. 

Tlicsc metals resemble one another in many respects: (1) They arc all of givy 
colour and difficult of fiisif>ii : the fusibility increases from Fo to Co and Ni, just jls 
in tile following .series Bu, Bh, Pd, and Os, Ir, Pt. (2) They possess in a. high degivo 
the power of conden.sing and giving passage to gases, as seen especially in nickil. 
palladium, iron, and platiiiiirn. (3) Their highest oxides are bases, or acids of liiili: 
energy, which arc easily reduced to lower oxides of more decided basic charailrr. 
(4 ) They form stable double C 3 ^anidca with the alkali-metals. Fo, Bu, and (V*;, ibnn 
analogous compounds K^BCy" ; Co, Bh, Ir. form salts having the general fonnuh 
KMiCy"; Ni, Pd, Pt, form salt.s having the composition K*HCy*. (5) All tlus^■ 
metals form stable metal lammoniiim salts resembling one another in many of tlii-if 
characters. Thus rhodium and iridium form salts analogous in composition to tln' 
rosoocohaltic salts BX=*.5NI1*. (6) Some of tho compounds of thoso metals, espccliillv 

tlio.se of tho higher degrees of combination, are distinguished by characteristic c()lour.s. 

The metals Cu, Ag, Au, are also, on account of analogous behaviour, included in iln’. 
eighth gi’onp ; although, according to tho constitution of their lower oxides, they may 
also be included in tho first group. 

The arraiigomont of the clomcuts in the order of their atomic weights .'ind the com- 
position of tho short and long periods, is more clearly .seen in Table II., in wliicli dm 
periods form vertical columns 


Taiij.k ir. 





K = 39 iBb « 85 

Ch=133 

_ 





Ca ;^.^40 .Sr = 87 

«a»i:(7 

— 





— >yt= 88? 

?Di = 138? 

Er-178? 

“ 




Ti =48?'Zr = 90 

Ce = 140? 

■j>L:i = 180? 





V =51 Nb = 94 



Til =1112 





Cr =52 Mo » 06 


W *184 

U -210 




Mil = 55 1 — 

— 

— 

— 

Typical 


Fe =56 ,Bu =104 

— 

Os = 195? 


Klcmeiits. 


Co =59 |Bli =104 

— 

Ir =197 

.. 



--- 


Ni =59 Ipd =106 

— 

Pt-in8? 

— 

11-1 

Id* 7 

1 Na=23 

Cu =6.3 lAg =108 


Au = l»9? 



a - 9'4 

:Mg*24 

Zu=65.Cd =112 

— 

Hg=200 



B *11 

1 AI *27*3 

— In =113 

. — 

Tl =204 



C *12 

1 Si =28 

, — Sn =118 



Pb = 207 



N *14 

: P =31 

lAs =75 Sb =122 


Pi =208 



0 *16 

i S =32 

iSe =78 To =125? 

— . 

— 



F *19 

Cl =36-5|llr =80 J =127 






In the members of tlio even .soric.s (Tabic I.), tho metallic or bwic clmnic 
dominates, whereas tho corrcHjKiiiding members of the unoven series ^i.^ci-cu 
aL'id proportie.s. Thus there is a decided differeneo between V, Nb, Ta, fw^ oxidt'S 
series of tho fifth group, andP, As, Sb, JJi, from the uneven series n'lioso 
have a similar constitution the former yielding lcs.s powerful acids H!®" .^TOjurid.-i 
The members of the oven series do not, so far as is known, yield volatile co 
with hydrogen or tho alcohol -radicles, liko the corresponding Tnemhors 
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■tries : thus all attempts to prepare the compound Ti(C®TI'')^ from TiCl^ have been 
niisiicxi'ssfiil, in spite of the great rcsomblanco between TiCI', SlCl^ and SnCl^. 

i'he position of the second series seems at first siglit to bo inconsistent witli the 
ceneial division of the elements into even and unoven series: for most of the menib(?rs 
pt' this s('ric8 possess acid properties, form compounds with hvdrogcn and the aleoliol- 
ijulifles, and some of lln’in are gaseous — ^in all which cliaracUrs they rather rcseinblo 
tiio elements of the uneven series. It must, however, ho observed, with regard to this 
M‘rics: (1) That it does not inelndo an eighth group like the other uneven terios ; 
(2) Thai. Uio atomic weights of the elements included in it difler from those of tlio 
spending elements of the following series by only IG, whereas in nil tlio otlier 
this ditferoneo ranges from 21 to 28. The ditterence between the atomic weights 
of siuwcssive even series is generally about 4C, but in the dements of the second and 
fyiirtli .sri-ies it is only 32-3G. 


Li. G. B. C. N. O. F. Na. Mg. Al. Si. P. S. C. 

X f.'a — Ti V Cr Mn Cu Zn — — As Sc Hr 

Diir. 32 31 - 3G 37 3G 3G 40 41 - - 41 46 46 

I'liesi' pcciiiiailties explain the apparent anomalies above mentioned, and, moreover, 
iiftbnl ailditioiinl ovidenco of the depcndenco of the properties of tlio elements on their 
jitomic weights. To make the elements of the scjcond series analogous in character to 
ihoso of the fourth, their atomic weights should indeed bo smaller than they actually 
anomalies may also be observed in comparison of Na with C’a and of Mg 
with Zn, but they di.sappcar in cases of P and As, S and Sc, Cl and ]lr, where the 
(lilFen uces in the 'atomic weights conform to tho general rule. 

In consequence of the peculiar properties of the elements of the second series, Men- 
JMejeft’ designates them as typical demon ts, to which category, also, belong hy- 
drogen, and likewise sodium and magnesium for the reason just stated. Theso typical 
ilomciits may indeed bo regarded as analogous to the lowest members of homologous 
sfiii’s (H'O and CH^O for example), which, as is well known, do not exhibit all the 
[iroportius of tlio higher homologucs. 

Tl«ii preceding consider:! tions likewise explain tho isolated position of hydrogen, the 
(vhamaif. possessing tho lowest ntomic wojglit. According to tlio form of its salifiable* 
exido IPO, and of the salts HX, it belongs to tho first group ; its nearest analogue is 
Xii, which likewise belongs to an uneven scries of tho first group. More remote anal- 
ogues ot hydrogen are Ou, Ag and Au. 

Mondelcjeft* also develops several applications of tlio law of periodicity: viz. (1) To 
tho classification of tlio elements. (2) To the determination of tho atomic weights of 
rlcTnents whoso properties aro but little known. (3) To the determination of the 
I'l-oportics of hitherto unknown elements, thos*?, namolj-, which might be expected to 
uix’upy tho blank spaces in tho preceding tables. (4) ^I'o the correction of the values 
nf atomic weights, (6) To tho completion of our knowledge of the combination -forms 
th' eliemical compounds. 

1* or the details of theso applications wo must refer to the original paper. The 
proposed corrections of atomic weiglits will be noticed in connection witli tho several 
tlciiicnta. (Sec CnutUM, Didtmiusi, Erwum, Lanthanum, Tkllukiuat, Yttihum.) 

SXiXiAOZC ACID* Fop Schiff ’s view of the constitution of this acid, sea Tannic 
Acio, 


SZiVAirZTS. Analyses of this rock from Kiiockmalon, Watorfordslnre, and of 
the clay shite in which it is imbedded, havo been made by J. A, Phillips (P/«V. Mflff. 
11], xxxix. 12). Tho olvanite consists of a bluish-grey ground-mass containing crystals 
w quiirt/. and oligoclaso, togetlier with a little hornblende. 1 . Elvanite, sp. gr. 2'66, 
sp. gr. SB 2*64. 3. Slato, sp, gr. 2*66, 4, Altered state, sp. gr. = 2'66. 


SiO> 

A1*0* 

Po"0=' 

FcO 

CttO 

72-33 

9*02 

6-34 

l-OG 

1-92 

SO-flO 

8-33 

3-44 

0*96 

1-21 

71-28 

7-78 

7*10 

0-90 

1-08 

62-6G 

18-33 

10-43 

9-00 

1-76 


MgO 

K=0 

Nft“0 

H*0 

X* 

trace 

1-46 

6-83 

1-33 

0-36 

trace 

1-89 

2-12 

1-38 

0-37 

0-46 

2-06 

606 

0-80 

0-34 

trace 

0-73 

212 

5-60 

0-50 


SMbUTKITS. A. Freiizcl (J. pr. CAcwi. [2], ii. 360) has analysed the. two 
Jead sulpha iitimonite from the Algatschinski mine, near Nertscliinslv, tle- 
vli * T wider the names pluinbostib (A), aiul embrithito (B), mid finds 

both to agree with the forniuhi 10PbS,3Sb-S", (0) : — 


Sup, 


• Loss in tho w'atw-hatt 


Ko. 2 contains a trnce of manganous oxlilo. 

H H 
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Pb Cu Sb S 

A (found) (1). 59 64: 0-88 19*49 18*04 98*05 

(2) . 69*44 0*88 21-48 18*14 » 90*94 

(3) . not dctorniinctl — 21*34 not determined » — 

B (found) (1), 59*30 0*80 21*47 18*08 = 09*65 

(2). 69*43 not ilcturmined — 

C (calc.) 60*50 - 21*53 17*88 - 100*00 


In spite of the diffi’rciic(? in .specific gravity, colour (A is lead-grey to stecl-groy, J?, 
pure hluo-grey), teiiacity (B is .softer), and cleavage (A in two directions, J? only in’ 
one), Frenzcl is inclined to regard pliimbostib as tJie caiiliform and fibrous,. cnil)ri. 
thite as the fine-grained jiggregatioii of one and the same species, Tlio liarcluess of 
both 2*5. 


SBKSTnri!. According to Pander (6V^m. CcniyalMatt^ 1872, 440), snlplniric riciil 
containing niolyMie acid gives, even M*ilh only of a miUigi*.am of cnictiuc, arodilidi 
colour quickly changing to green, and with mgm. a reddi.sh iridc.scciice. PotaKsinui- 
bismuth iodide .nnd pota.ssiiim-c.'uImium iodnlo give precipilntes with mgm. of this 
alkaloid in solutions diluted 25,000 limes. 

SlfAMSli. The following preparation is rccoinmoiidcd in Dingier s PolffUvJniic 
Journal (cciii. 499) for euanudling the imsidcs of copper vessels used for cooking fruit 
or vegetables : — 12 parts of white fluorspar, 12 parts unlmrnt gypsum, and 1 pint 
borax siro finely powdered, intimat.€ily mixed and fused in a crucible. The fused niiis» 
is then poured out, and after cooling is rubbed up to a paste. The copper vessel is tlieu 
coated inside with this preparation, which is applied by moans of a brush, and tlie 
vessel is left in a moderately warm place, so that the coating may diy unifomily; 
it is then sulijectcd to a gradually increasing heat, till tlio preparation melts. (>ii 
cooling, the vessel is found to bo coated internally with a white, opaque enamel, atllipr- 
iiig verv firmly to the copper, not chipping off by ordinary knocking and mbljiiig, mul 
impervious to vegetable acids. 

SXnraACRMRB»A»HTBAXilSlf£, C-"lPCr. Tliis, according to Fsii.^N 
{Zeitftchr. f, Chenu [2] vi. 297) is the final product of the action of chloniie gas on 
heatxid chloronapthalenes. After repeated crystallisalion from alcohol, it forms soil 
white needles, melting at (I'aust a. Siuiinc, Amt. (Jh, Phartiu clx. 65). 

SOSXTBi A vanadio-molybdatc of lead from Lcadhills in Scotland. »Seo Va.vA' 
i)A‘rKS OF Lead. 

BPZBOUXAXrolUlXTB. A sulphantimonitc of lead occurring on veins in the 
Borgmanntrost mine at Altoiibcrg in Silesia, in dark grey ncodlcs, of sp. gr. 6 309. 
Analysi.s gave, for fine levigated needles, tho values A ; for conr.scr material, the values 
B ; and for a boulaugerito of sp. gr. 5*825, on which tho cpibouijingerito wsts, tho 


values C : 

s 

Sh 

Fh 

Ni 

Ftj 

Zn 

A. 

21*31 

20*23 

54*88 

0 30 

0*84 

1*32 = 08*88 

B. 

21*89 

2077 

.5611 

0*20 

0*60 

0*20 = 09*80 

C. 

18*51 

20*96 

58*73 

— 

2*13 

_ 100*33 


Supposing the cplboulangcrito to bo mixed with a .small quantity of zinc blcmlr, 
annly.scs A and B lead to the formula 3PbS.Sb*S* + 3(8PbS.Sb-S“). (Websky 
Jahrbuch/ur Mineralogie, 1870, 351). 

BPZCBXiOBBnBZB. Sec CHLORiiYDniNS. (F. 320.) 

WXOTAnraKnr. (C»H>)"'|o^ -—For the preparation of this eoroponnil, Ji>- 

covered by Pazschko (Is^ 580), lio now recommends tho following pP0Cf**J* 

20 grams of epiclilorhydrin are added to a .solution of 16 grams of potassium cyam ^ 
in 60 grams of water, the violent reaction which immediately takes place beiUo 
moderated liy dipping the vessel into cold water. The cpicyanhydrin which 
on cooling from tho brown solution may bo purified by recrystnllisation from 
or ’water. From water it crystallises in bro.ad pri.sms, often united in roiii*»i ^ 
melt at 162°. . 

When cpicyanhydrin is boiled with polash-ley, .-i largo quantity 
givon off; but the solution turns black, .-ind docs not yield the corresponding 
acid. Better results arc obbiincd with baryUi ; but a still more defimtejwcutm 

S laco on heating the epicy-an hydrin for some time to 180® fin a sealed 
iluto sulphuric acid. Tho liquid on cooling deposits shining colourles^ 
which, when purified by recrystal li-sation from hot water, wth 
charcoal, and then dried at 100°, exhibit tlio composition of the acid: vW ♦. 

This acW melts at 225° ; its silver salt, C’lPO.CO-'Ag, obtained p^F^^ 
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■immoniuin sal*’' -with silver nitrate, blackens but sliglitly on exposure to tlio air, and 
iiiiiy be dried without ilocoinposition at />0®-60°. 

On mixinff the solution of the ammoniiim salt M'ith load acetate, the lead salt is 
prcL'ipitated after a wliilo in broad, colouidess, trsiusparc.nt laiuinye. 

^ AVlioii cpichlorhydri n is added to a solution of potassiinn sulphocynnate mixed w’llh 
sidpliacic acid, and tho liquid is wanned, a fetid oil separate, s, wdiich solidifies after a 
wliilc and may be crystallised from nleoliol. This compound is probably an a^ldition- 
product. C»n«C10.CNS =-- C=»11'G10 -f- NGSU (Pazs.;hko J. pv, Chrm. [2], i. 82). 

SPZDOTB- Tho formula given for this mineral in vol. ii. p. 400, on the authority 
of Kammolshcrg, is Si"Al'*Ga‘*()-*<* or3(2GaO.SiO®) + 2(2Al-0^..‘iiSi0’-), the alumina being 
jiioroor less replaced by ferric, oxirle. This formula Jlammelsberg Ii.is lately sought, tu 
confirm by an analysis of tlie opidote of Sulzbjich (Ze/^sc//r. d. dciitiich, geoJoff. Gcsvlhek. 
1872, 69). Tchormak, oii the other hand, in his memoir on felspars AXued. 

JJer. i. 585) first represented the composition of epiiloto by tho formula : 

Si«AT»Ca‘H=0*» or CaO.IPO + 3(CaO.SiO=) h- APO».S iO'-), 

iiiid Koungott {Jalirhuch fur Mhicraltgir, 1871, 419), by a comparison of all the 
piiblislied jiii.ilysis of opidote, coiicliules that, with the exception of a few of doubtful 

1 li.irnctcr, they may all bes concluded in tho lattiT formula, the alumina being more, or 
less replaced by ferric oxide, and Iho lime t/>asniall ext ent by magnesia; tho presonce 
of the maguosia appears, however, to bo due, in many cases at least, to foreign 
Tiiincrnls imbedded in tho <‘pidote. In sonio of the analyses, tho iron is calculate,*! 
psirtly as ferrous oxide ; t Jiis, liowcv'or, Konngott reckons also us ferric oxitio, and 
repiT<ls it as fciking tho plfU'c of an equivalent quantity of alumina. 

'I'o di cido betw'oen tho Iwo formulae above given, G. Ludwig {Ann. C% Vharm. clxv. 
‘il7')lias madfl a. series of analyse.*! of perfectly pure speeirnens of epidoto, free from 
tni'Lign enclosed minerals, as it occurs in the licautiful transparent crystals from 
8iilzl>ach. 

This epidoto cotiLains silica, alumina, ferric oxide, ferrous oxide, lime, water, and 
tviipcs of nuingauous oxide, magnesia, and chlorine. Tho quantitative analysis was 
oaiTieil out. by the processes usually adopted for siliciites, excepting that the ferrous 
oxidi! was determined by dc«‘om^)o,sing tho mineral with sulphuric acid in a sealed 
glas.*! tula*, and acting upon it with a standanl solution of dilute potassium peman- 
gun.-ite. Especial care was bestowed on the estimation of the water, ns it is chiefly on 
this point that previous analyses are at varianco. Epidoto loses about 0-25 per cent, 
of its w<!ight by ignition in a platinum eniciblo over a Bunsen’s burner, and nearly 

2 porccait. when boated in a gas flame ftxl by a blast of air; after this strong ignition 
it is reduced to a .sintered in a.ss easily attacko<l by acid.s. To avoid errors which might 
urisfo from reduction of ferric t<i ferrous oxide by tho fliiuie-gascs, and obtain a direct 
dpnionstivit ion of the presence of water in epidoto, the minornl previously dried at 
150'^ w'as enclosed, in Ludwig’s experiments, in a platinum tube through which a slow 
stream of dry air w'ns passed, and heated to whiteness over a gas-flamo urged by a 
''last, the water evolved being condensed in a calcium chlonde tube connected with tho 
platinum tube. The mean of cloven expenments mado in this manner, giiA'e from 1’78 
to 2^5 por cent, of water, the moan being 2’0o. 

The mean result of several analyses of the mineral is as folloAVS : — 

SifV APO^ Fo' O" FeO CnO H"0 MuO, MgU, Cl 
37-83 22-03 U-02 0-03 23*27 206 truces « 100*73 

O 


43-64 


O 


2-727 


25-97 


26 

perfectly pure ci>iilotc is theivlorc to conririu tho 


SI Ai Fc Ca ir 

C" 

ns Fo’"0^ IIS FcO 

17-05 12-06 9-81 0*72 16-62 0-23 

The atomic proportions of the elements arc therefore — 

• A1 Fe Ca JI 

* 

iwFc-O* asFoO 

0630 0-410 0 176 0-013 0-416 0*230 

' / s ; 

0-616 0-428 

0 fi-sa 4-07 2-2 

Tschorraak and Kenngott's formula requires - 

G 6 4 2 


H If 2 
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Epidotcs may accordingly bo regarded as mixtures two isomorphous coiistitunn* 
Si®Al“Ca'Il-0‘-** (oluniitiiniu epidoto) and (iroji opidoto). * 

The percentagu compositioii of tlieso two varieties in flio pure stiilo is as folloM's’-, 

Almniniiiiii IJimloto Iron Epiil,»te 

Silica 39-oi:i 33-272 

Aluiiiiiia ..... 33-87'3 — 

bV'rric oxide .... — 44-362 

Li mo 24-600 20-702 

Water 1-977 1-GG4 

TiUdwig’s piper contains a table of tho percoiitago composition of sucli rnixtun^s 

calculated for I, 2, 3 up to 45 p.c. of iron epidoto, and.. a eomparisoii of 

tliese oiilciilated numbers wiib all the actual analyses of epidote hitherto publisht^l — 
excluding, however, as inaccurate, those i,vliic]i take no account of the water, and’ in 
which nevertheless tlio sum of the other constituents is cquiil to or greater tl’um loo 
also those whicli indiento a considerable amount of magnesia or alkalis, these haviiiiF 
been made upon impure material. 

Tho result of this comparison is to show tliat the older analyses of epidote also Icatl 
to the formula {3i“Al®Ca'It''0-‘*. 

Epidote fi-oni tho LTntoi*siilzl)ach valley in Salzburg (sp. gr. o'ol), has hccu 
aiialj-scd by E. Jvottal, in Lieben's laboratory, with tlic following mean results:— 

SiO" Al-0= FftO* FiO fill) MpO IPO 

37-00 22-10 13-80 0-33 25-15 003 0-2(5 = 98(57 

These numbers do not differ mueli fi*om those obtained by laidwig, excoptirig in tlie 
water, which was detoi-miiicd by igniting tho substance, previously dried at 100^ in 
11 stream of carbon dioxide. Probably the dcgi-ee of beat applied was nob sufficient fo 
expel the W'holo of tho waU>r {Ann. Ch, Pkarm. clxv. 360). 

Tho most highly ferruginous epidotes are tliose from iSw-itzerlaiid and Iho Formazai 
valley; in tlicso the ratio of filiiniina to ferric oxide is 5.\F0": lKo‘*0*; in the cpidoUs 
from Bourg d’Oisans in Dauphiny, Travorscdla in Piedmont, Arondal in Norway, and 
Penig in Saxony, the ratio is 2Al‘-(>* : 11V0=*. 

BPIOEVZTB. A cuproso-feiTous sulphide from tho Ncugliick mine near Witti- 
chen in Baden, whore it is found in short prismatic rhombic crystals exhibiting 1 ho 
combination oep . wPoo . /aPoo , and having the angle ooP : ooP = 110° 50' nearly. 
Colour stoel-grey with black streak and black and blue taimisli. liai-dnoss =3 'iJ. 
When heated in a tube, it yiedds a sublimate, first of sulphur, then of sulphide 
arsenic, a reaction w'liieli is likewise exliibitcd by enargite, and indicates the preseiife 
of arsenic pentasulphide. It dis.solves in nitric acid without separation of sulphur. 

Analysis A is by Petersen {Poijj. Ann. cxxxvi. 502). As ijorfectly i>nro crystals 
are free from bisiiuith, and, on the other hand, witticlionito (coppcr-bisinutli sulphide) 
is imbedded in the baryta of tho gaiigue, tho bismuth, together witli correspondinK 
quantities of coppcT and sulphur, has boon deducted, giving tho corrected result U, 
which lends to tlie formula fiKS.As-S-', in w'hich 6lbS « 3Cu-S + SEcS. The cjd- 
ciliated numbers according to this formula are given under C. Silver and zinc were 
found only in traces. 

R As B1 Pe Cu 

A (found) . . 31-57 12 09 2-12 13-43 40-32 = OS’W 

B (corr.) . . 32'34 12 78 — 14-20 40-68 « lOO OO 

C (calc.) . . 33-58 14-32 — 16 03 36*07 = lOO'OO 


(Siuidborger Jahrbiichf. Mineralogies 1809, 205, 862). 


CH*(C»n»0 


ttPSOXnBaimBTBUir, C«H'®0* =- o c I • ^ compound 

foi-med by heating epichlorhydrin with a solution of potassium phenatc in 
alcohol. On mldition of water it separates as an oil which solidifies after beinf! 
to 200®, and may be purified by pressure and roerystallisation from alcohol. A 
crystals are rhombic, exhibiting the combination OP . ooP, and having tho 
in tho ratio of 0*64076 Z 1 and the angle ooP : ooP a 66® 20' (Iiipp*n®*‘“» 
Akad, Her, Ixii. [2], 605). 


BVZ8TXUZTB. The crysUils of this mineral from the 
Pinkoiihubol near Glatz in Silesia — ivhere it occurs with other 
hetriandite, desmin, harmotomo, and cliiiljusito— haVo been moasur^. 
{SSeitschr, d, (Uvtsek. gcolog. GeseUsch. xxi. 100), wlia-se angtiliir ^ 
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, iiiily with lhos 0 of G. Rose. lie regards npistilbitc ns n niiueral Bpocies distinct 

from hen land iic. 

SKBZVM* Tho compounds of tliis metal lia.vo lately been cxaiuinod by Clevo 
llocglnnd {Jittll. ^ioc. Chim. [2], xix. 103). Tlu y will Ijc described in connection 
Avilh the yttrinni compounds. 

SAGOT. Tho constituents of ergot have been oxfimiiiod by J. C. Herrmann {K. 
Jhp. rhaynt, xx. 283) and by J. H. GaJiser, ibUt, 301), Herrmann, by tlioronglily 
p\liansting finely powdered ergot -with ether, ulti mat oly obtained six ounces of a fatty 
oil W'liich, w hen saponified with soda-ley, yielded a distillate containing ammonia, tri- 
jiiithylamiiie, and a liquid from which common salt soj>ai*at<!d a soap, tho aqueous 
portion containing glycerin. This soap, treated w-ilh snlidiuric acid, yielded a semi- 
solid oil, and Ihe aqueous li<pii<l from this operation yielded, on distillation, traces of 
l.iitvric and acetic acid. By pressing this semi -fluid i)il bctw'ccn bibulous paper, a 
solid fat was oljt,‘iiiic;d which, after se.vcral rocT^'stallistitions from alcohol, melted con- 
stantlyat C2°, solidified at r»7°-oS", and exhibited the compos! tiu?i of palm itic acid. 
'I’hu oil was not a drying oil, and tho fluid portion treated with nitric acid yielded 
claidic acid, whence the presenco of oleic acid was inferred. 

by tpi!:it ing a portion of tho extract€*d oil with .-ilcoholic ammonia, separating tho 
iilcoholic liquor from Iho oilj' portion and ovaixmiting, a (Lirk-brnwn aromatic-smelling 
ri?slduo was obtained, agreeing in properties (excepting its solubility in cl her) with tlie 
urgot ine of ^Viggers (ii. 499.) 

l.'oiilrary to the stateirients of Manassewits!, the oil was found to be saponifiable 
Avilli caustic potash, the soap being softer than that obtained with soda. 

J{y exhaiisling ergot with water, prcci]dta.ling with lead acetate, and treating the 
fdlrale with iinTCiirie clilorido, a precipitule Avas obtained from wdiicli the ocbolino 
f»f Wenzel I was separated, either i)y treatment with lead oxide or basic lead carbonal.o 
or by Wenzell’s process, viz., treatment w ith hydrogen sulphide, and then successively 
with freshly precipitated silver phosphate, milk of lime, and ammonia carbonate. Tho 
prudiu-t, fivtiul by heat from excess of ammonia carbonate, had an alkaline reaction, 
jiml gave, w hite ])r(5cipi tales with imircuri'^ chloride, tannic acid, and potassium cyanide ; 
yi'lliiw Avitli pliosphomolybdic acid; orange W'ith platinic chloride; red-brOAvn with 
iodised potassium iodide ; and brownish with gold chloride. 

'J.ho jislies of ergot Avore found to have the following composition ; — 

NaCl KH^ Na^O CaO MsO A 1=0’ JVa* MiiO P'O' SiO» 

l ol 30-0fi O Go 138 4*88 0vi9 O SG 0 20 46-12 14'()7 99 08 

According to (laiLser, finely powdered ergot yields, by extraction with ether, 30 p.c. 
i-t its weight of fatty oil, containing a resin scpjirablo from the fats by nearly- absolute 
filcoliol, and giAniig to them a peculiar bitter rough taste and broAvnish tint. ’With 
jctiil oxide these fats form a plaster from which ether extracts load olento ; w’ith soda- 
ley of 1-3 sp. gr. a soap is obtained; no free ammonia distils OA-or during the operation, 
lJu! di.stilIato being neutral; on tho addition of hyilrochloric acid, however, tliick white 
clouds are formed, and the colourless distilhite becomes reddish. 

llio oil readily yields claidic acid Avitli nitric acid. A dose of 10 gri'ims, giA'on in 
wo port ions of 6 and 4 grams each, only produced a sensation of nausea, Avithout 
ac u;ii vomit, ing; tho last 4 grams increasod tho pulse and prtxlucod a slight faintness 
am perspiration, all symptoms ceasing in five hours. The oil oxtractod with alcohol 
mmed a resin and a small quantity of crystals, giving tho cliolcsterin reactions; this 
saMo physiological properties as the oil, but in a much niia-o marked 

and CTgot heated, in a -wator-batli in a retort, gave no A’olatilo l>ases ; 

jiml found on heating 250 grams of ergot with 150 of calcium carbonate 

strfwlo- . residue from the ether-extract of tho fatty acids had a 

vicldiTd*^"^ 1 - (trimctliylamino), and, on distillation with oxalic ether, 

iesiduG containing ammonia and emitting the smell of animal oils ; tlio 

'^nicllof o this operation, distilled with waiter, gave ammonia and a 

Imt thc«! Roiico neither ammonia nor trimethylamino pre-exists in ergot, 

^ Hiployt^ i^odies are formed hy decomposition of other substances by tho re-agents 

water tho residue left after extraction of ergot with etlier, precipi- 
obtained of tho iiltrato Avitli mttrcuric chloride, a precipitate 

Pbosphate V iJ^oatcd succcssiA'cly with freshly precipitated sih-er 

carbonic acid, yields finally, after evaporation, a brown, 
insoluble ii/ powder of echo lino; this is soluble in water and alcohol, 

a bitter on boiling it with potash, ammonia is evolted ; it 

wr taste with sweet after-taste, and, in small doses, produces nausea and 
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vomiting. The filtmto from tlio mon-ury precipitate of echoliuo, on precipitation 'with 
pliosphoniolybdic acid, and digestion of tho jjrcxjipitato with barium carbonate, and 
evupjratioii, furnishes ergo tine as a grocnish-yollow, glistening, amorphous, hygros- 
copic powder. Tliis base fonns iloliqnoscent s.'ilrs, the Iiydrochloride crystal iii 
long slender iiocdlos; given to a 3 ’oiing dog in small doses, it produced symptoms of 
nausea without netnal vomiting. 

On distilling with sulphuric acid tho aqueous extract from tho ergot- deprived of fats 
by etlior, an acifl of peculiar odour was obtained which reducecl silver nitrate (ergot ii- 
iicifiy; on distilling it w’itli alcohol and sulphiunc acid, formic ether was foinul in tho 
distillate. 

On extracting the residue deprived of fjits by ether, with alcoliol of 80 p.c., a cherry- 
red tinctupo is obhiiiiod, wbieli deposit*! flocks of .1 sugar which reduces a ijotassio- 
cupric solution (identical with mycoso ?) 

3-2 p.c. of albumin was found in the infusion of ergot, also potash, lime, and mag- 
nesia, togotlior with hydroehlorie, sulphuric, and x^liosphoric acids (Gansc?r). ^ 

SntZCikCSJB. Gmdilwria jiroatmhf-m and KpUjaa rrpeua conbiin arbntin, ursono. 
erieolin, tannic acid, .a principle analogous to gallic acid, formic acid (in Kpi^mi), 
glucose, gum and colouring matter. Arbutiii, ursoiio and erieolin have previously 
been found in Vva vrsi and ChiiuaphUa vmhellaia^ and may, therefore, bo regarded as 
common to xdaiits of the oricacooiis onlcr (.1. Oxley, Pharm. J. Tram. [3], ii. 1050). 

SXSBTZTS. This mineral occurs at Parg.as in Finland, intergrowii Avilh bkek- 
i.sh-^ecn .nugite (in small quantity') and brown titanite, in somo parl.*^, also, with 
laminar calc.'^par. It is colourle.^.s when quite frc.sh, and does not exhibit any crystal- 
line faces. Its specific gravity i.s 1‘723. 

Considcrablo uncertainty has hitherto existed respecting the constitution of this 
mineral. A. E. Norden-skiold de.‘icril>ed it as a triclinic felspar, cleavablc in twi/ 
directions iuelinod to one another at an angle of 00° 22', and, aeconliiig to an analysis 
made b^* X. A. Xordenskjold (54'13 8iO-, 29-23 Al-O®, 15'-16 CaO, 1’07 water), ji.s a 
true labradorito free from soda. Jhit ac(M>rding to th(5 tlioory of Tchermak, which 
regards the triclinic felspars as isomorxdioii.s mixtures of albite and nnorthil«) 
there should be no such thing as an oligocbisc fre^ from lime or a labradorito froo 
from soda. (See Fki-spau.) 

_ To clear up this doubt, (}. vom Kath has subjected tho mineral to a fresh cxamiiui- 
tion. Ho finds that it cleaves very distinctl^-a rid with equal jirecision in two directions 
at right angles to each other, has a specific gravity of 1*723, loses by ignition 0‘fi8 p.c. 
and gives by analy.'«is — 

SiO'* Al-0' CiiO. MgO. 3v"0. Na-O, 

44-20 30-37 20 17 0 15 1*15 2'75 = 9885 

If tho loss in the analysis bo attributed lime Jind tho alkalis, these numbers ngreo 
very nearly Avith tho formula of scapolite, . 2AFO® . 5iSiO“ (calc. 44-39 

SiO=, 30-4 Al-'O’, 21-75 raO, and 3-44 Na«0). 

Eodi tho cloavago and the chemical comjiosition of ersbyito show, thereforo, that it 
belongs, not to tho calcio-.so<lic felspars, but to the seapolitos {Pogg. Amt. cxliv. 375). 

BRircZC JLCVn, (;«II‘-03 This acid luus boon obtained by Fitz {Ikiit. CUm. 
Gea. Ber. iw 442), from the fat oil of gi'apG-.sccds, which exists in them to the amount 
of 15 to 18 p.c. This oil Avas s.'ipoiiified with potash, and the acids wore seporatefl 
by the partial precipitation of their nicoliolic solution with lead acetate, the first fra^ 
tions being floeculont, tho latter semifluhl. Tho flocculont precipitate, on being treutod 
with warm ether, left a small portion uiidissol\'cd, tho aeiil from which, by its molting 
point and .aiial^-sis, proved to bo a mixture of palmitic and stearic acids. The acnl 
contained in tho soluble load salt cryst.'illised from alcohol in lustrous needles, snd on 
analysis was found to bo crucic acid. Tho solubility of its load salt varies extremely 
with the temperature, ns it is very soluble in other, benzene, or acetone when hot,nn(I 
but slightly Avheii cold. One half of tho mixed acid contained in tlie oil was found t|> 
bo erucic acid, and tlio remainder an acid yielding a semi-fiuid load-salt, to^'thcr wuM 
a very small quantity of pfilmitic and stearic ucid.s. By treatment with nitrous acn ■ 
the tocic acid was converted into the corresponding elaidic acid (brassidic acid), 
molts at 50^ (at 60® according to Haussknec-ht, la( Siqtpl. 367). The salt is aUno^ 
insoluble ill warm ether. ' 

Erucic acid is resolved by fusion \iuth potash into aroohidic and acetic acids: 
C**H«Oa ^ 2 IPO =: C»H<0* -I- H*. 

This is tho usual taiodo of decomposition of the acids of the acrylic series. , ' . ^ 

■STVntmi, C*H>«0* = (C‘IP)''(On)*. Somo of tJie haltiSfd 
alcohol have been prepared and examined by P. Champion rmd-, f 
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Enithriiic Dihromhi/flrin, (C*H®)*»Br=(OH)“. — When crj^thrito is troatcd 

witlVfi s.iturnt(-il soliilion of hydrohromic acid in a soaled tiibo at the tempcmturo of 
110 ° for tlireu hours, a hrowii liquid is obtiiinod, whidi. wIumj ovaix)ratod oii the waUr- 
b'ltlifoid rcilissolved in boiIin|Dj ether, dcqwsits crystals of cryLhritic dibrom hydrin. 
Tiiis body is insoliiblo in water, slightly volatile at 100°, molls at 130°, and forms a 
mass on cooling. In its composition anil properties it rcsomblos the cry- 
diritic dichlorliydrin proparod by Do Luynos (Is^ Sii^ppL 583). 

Knjthritic lyttuirodihromliydrin^ CMI®Br-(N0=)-0-. — When crythrit ic dibromhydnn 
ill powder is introduced into a. cold mixture of 1 part fuming nitric acid, and 2 parts 
i oiicenUviteJ siilpliiiric acid, the temperature slowly risi\s, and if, afi • r a contact of some 
luiiiiitos, tlio whole bo poured into cold water, a white flaky preelpiUite is formed, which, 
i.ficr being washed and dissoived in boiling alcohol, <leposits tiie diiiitrobromhydrin in 
l.iiig wliito flexible noodles. This Ijody is insoluble in water; melts at 75® ; does not 
t lot 1)1 la to will* n struck, like nitroory thritc ; is decomposed by Ji eat, producing yellow 
fiiauj-s. A boiling solution of potash changes it, the liquid becoming brown, and n 
iiitralu being formed. 

Krythrith' Dimlrodkhhrhydrm^ C‘.II®Cr-(NO-)20-. — TJiis body, like Ibn preceding, 
is tiliiiiiiK'd by the action of a mixture of nitric and sulphuric acids on crythritic di- 
ililorJjyilna. It crysf allisi's easily from alcohol, melts at 60®, and resemhles the 
pLvciiling coinpouiiil in its properties. 

SBTTKROCElTTiLVKZnr. Mc!m has demonsfraf ed the identity of the crythro- 
i-ciitanriii prepareil from En/thraa CrMtauritim (l.vZ Sifppl. 58‘.4), with t ho preparation 
ubtained f rom Epythnea vhilcnah. The two prepirations agree in their snluhilities in 
viirious liquids, their melting point (136®) and in the change of colour from white to 
a l proLliiced by llie action of tlio sun’s rays (Ji rkarm. [4], xi. 454). 

SSXilfBlSCKZA. The hark of Eaenlm'kia fehriftiga (Mnitius) contains, together 
with much chlorophyll, sugar, gum, .'iiid pectous substances (no starcli), two very 
clnM-ly allied resinous substances, namely, an acid called osonbockic acid, resom- 
Ijliag (juinoriic acid, ami a nitrogenous base, esenbeckine, which crystallises in 
(jcloliHlrons (0. am Ende, Arch. Pharhi. [2], cxliii. 112). 

SSEXnrS. To prepare the neutral sulphatu of this base, the liydro -alcoholic 
cxlpact of the Calabar ht'a ri {Phy^oHtiyma veneuomm') is dissolved in a small quantity 
of d isl ill cfl water, and filtered. ' To the filtrate is added 1 gram of potassium bicar- 
boii.'ile for every 20 grams of extract dissolved, and the solutifm is agitated W'ith a 
piijisiderablo quantity of ether. After allowing the other to separate, it is deeanted, 
and ih(! aqueous liquid again treated with ether, until the whole of tlio alkaloid is 
c<iin]»lctcly removed. 'J’ho ethereal solution, after the nd<lilion of a little distilled 
w;ihT, is carefully neutralised with dilute sul])huric acid containing 40 grams of the 
inonoliyd rated acid jicr litre, the i)oint of saturation being os<'ortained by the aid of 
goud litmus paper. The ether is then gently ev.a|>oratod or decanted, and the solution 
•ifeserino sulj)hate concentrfitnd to crystitlli-sation. The first crop of CTystals is siiiii- 
riently pure for medicinal use, but it is preferable to treat tlio alkaloid again with 
iilkali and ether, which, after a second cry-stallisation, will ponder the salt perfectly 
white a ud pure. 

Ill preparing a solution of the alkaloid, if as many gnims of liquid are obtained as 
It was found necessary to employ drops of tho standard sulphuric acid, 1*0 gi'am of 
fli'i solution will contain O'Ol gram of eserine. For genernl purposes, one part of the 
»i hove solution may bo dilutod with 4 or 5 imrls of distilled water (A. I’ctit, J. Pharm, 
[1], xiv. 255). 

lilue Colouring Matter from Purine. — Eserine, exactly neutralised with dilute sul- 
I'hiiric. acid, then treated* with excess of animonia and evaporated to dryness in a 
w;iter-bath, yields a residue of raagiiificent blue colour, soluble in water and alcohol, 
crystallising in tho form of elongated prisms. This residue stains tho skin, nails, 
and strongly dyes silk blue without tho aid of a mordant ; acids cliango the 
^•^>l<>iir to a fine violot purple. 

. treated with ammonia, without previous saturation with sulphuric acid, 

. ii'hlK, on evaporation, a greenish residue, much loss soluble, and turned red by acids 
leht, Compt, rend, Ixxii. 669). 

®**®***AB OZU> Soo Oii*s, VoLATir.K. 

C-II®. On tho nitro-derivntivo.s of this hydrocarbon, see Nitbo-oom* 

SceETHyLKN*. 
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BTBY& A&COBOXii C-IPO. Fornmtion frani Acetic Acid (Saytzeff, J. pr. Chcm 
[2] iii,'76. Acetic ncicl ciiniiot bo directly converted into ethyl alcoliol by tho aetiou* 
of reducing agents, but by first converting it into acetyl chloride by distillation wiih 
phosplioruB pontacliloridc, niid subjecting tliis chloride to the action of nascent hydro, 
gen, etliyl alcohol is produced. The reduction is efi'oeted by the action of sodiuin 
-amalgam on a mixture of acetyl chloride and glacial acetic acid, the sodium aiTj.il£r;i] 
decomposing the acetic acid and evolving hydrogen, M'hich then sicts on the aculyl 
cldoride, apparently changing it first into aldehyde : C’^IIHICI + H- = HCl + (J-H'o 
which, by the further action of hytlrogcn, is converted into alcohol ; a fresh quantity 
of Jicotyl chloride then converts this alcohol into acetic ether, which is the final iml- 
iluct of the reaction. Simultaneously with this i>roccss another reaction oceni!! 
whereby, at the expense of the acetyl chloride and the soflium acetate, acetic anhv! 
drido is formed, and this by the nascent hydrogen is also converted into alcohol, wliii'h 
ns in t he first case, is obtained as acetic ether. This is shown by treating a inixtiiro 
of cither propioiiyl chlorido or butyryl chloride ami acetic hydrate with sodium 
amalgam, when, besides the particular alcohol, ethyl alcohol is also obtained, which 
ciiu oiJy bo formed from the mixed anhydrides generated by the reaction, since 
aci'tic acid cannot bo directly changed into ethyl alcoliol by deoxidising ageut>t. The 
details of the process are as follows : 

Solid sodium amalgam, finely divided, and consisting of 100 parts mercury and 3 
pjirts sodium, was placed in a flask fitted to the lower end of .a condenser, and im- 
mersed in ice- water. To Ij molecules of the sodium a mixture of 1 molecule of acetyl 
cliloride and 2 molecules of acetic hydrate was Uiken. and gradually poured upon the 
amalgam, keeping tlio flask constantly agitated, or stirring its couteiits briskly witlin 
glass rod passing through the cork. After running in all the mixture, the flask was 
still kept in motion until its contents h.ad become a solid m.as.s, and the wliohjwiistlipn 
set aside till the next day. Water w'as then added, tand tlio mixture distilled iiiifil 
oily drops ceased to conio over w'ibh tho water. The distillate consisted of two layer, -i, 
the upper of wdiich had a strong odour of acidic ether, and when distilled with potiisli 
yielded ethyl alcohol. In this way, 8 grams of alcohol wore obtained from (iO givimsi 
of acetyl chlorido. 

On tile formation of blthyl Alcohol from Acetic Anhytlride, see Ijit Sup2>l. 51)2. 

Prepumtion froM Licitenjs . — Tho largo quantity of amylaceous matter contained in 
certain lichens, renders them araihible for the preparation of spirit, the starch hein^r 
first Converted into glueoso by tho action of hydrochloric or sulphuric acid, o.nd the 
glucose fermented in tho ordinary way. iStenborg (J. Chem. civ. 441) prepares 
alcohol ill this manner from rc3iiidecr mos.s {Cladmiia ravgeferimt). Tho lichen, if 
impure, is treated with 7 if pure and dry, with 10 p.c. of hydrochloric acid of sp. 
gr. IT 65, to convert it into sugar; the acid is neutralised with chalk, or better with 
sodium carbonate (so that tho refuse of the operation may bo used ns fodder fnr 
cattle); and the masli is diluted till it contains only 5 p.c. of sugar, which is found to 
bo n good strength for fermentation. By this latter process, to of tho glucosci 
present, which amounts to 60*68 p.c. of the dry lichen, is converted into alcoliol. Tho 
spirit obtained by distilling tho fermented liquor, has a faint taste of almonds, unh*^>i 
the lichen used is contaminated with pine cones and noodles, in which case it has a 
flavour of gin. Tho fusel oil, which is quite diffbront from that of corn or ^tatoes. 
Jiiay be easily removed with charcoal, and the spirit obtained yields by oxidation veiy 
good acetic acid. Observations on this process have been published by Stahlschmidt 
{Dingl. polyL J. cxcvii. 177 ; Jahresh.f. Cfte)n. 1870, 1212). 

Defundation of Spirit . — W. Artus {Dingl. polyt. J, cxci. 175) removes the 
from spirit, without distilhation, by re^vitcd treatment with lumps of charcoal of 
size of peas, previously impregnated with pure alumina (by soaking tliom in solution 
of alum and sodium carbonate) and then ignited. .. 

On the composition of tho ‘ first runnings* of crude spirit, seo Aldrhtdb (p. 82). 

PrepartUion of AhsoliUe Alcohcl. — ^MendclpjofF {Zdtschr, f, 1865» 2®®)' Vj 

has found quick lime superior to all tho lither substances in use for 
alcohol, states that, to obtain the alcohol alisolute, spirit of sp. gr. not above i b 
must bo taken, and its digestion over tho quick lime continued for not 1,110 

days, or else for a few hours at .50^-60®. Even then, on distilling, only the jm 
portions are found to be anhydrous. . j *111 the 

Erlenmeyer {Ann, Ch, Phapn..c\yi, 249) finds that when they^iritisbrnlcd 
lime in a vessel fitted with inverted condenser, fox* 5-^1 hour and then distlb b 
whole product obtained is anhydrous. If the spirit contains more than 5 peif 
water, it is only necessary to repeat the treatment with lime two or mor^ ^n- 
with weak spirit, care must bo taken at first not to fill more than half 
pied by tho spirit with lime, as otherwise tho vessol may bo bitikou by ujs wW^is 
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4 1m- limo. In tins sevorul litres of spirit may bo convortc-il in a few hours info 
alcohol. 

Reactions. — 1. Wii7i Sidphurio Acid. — 15rloniiieyer(^w«. C7«.P/irtr;>/.clxii.373)hfis 
(Xiiinincd tho action of sulphuric axrid on alcohol iiiid ether, with results n^eoin^^ i:i 
- ho main with tliose of former experimenters (ii. 437), though differing in certain 
particulars. 

(0) . Formation of Ether from Alcohol,, and vice versA, in presence of dilute Sulphur ie 

Jiitjh tmperaUircji. Kther, heated in a sealed tiiho to 180° w'ith 4 volumes of 
water and 1 c.e. dilute sulphuric acid, gave a coiisidoruble quantity of alcohol. Alcohol 
lii aicd ill scaled tubes with water only, gave no etlier. Alcohol Iieatcd with dilute 
Hiipliiwic acid (1 : 3, 1 : 6, and 1 ; 1 0) to 226°-230° yielded ether, ethylene, and, under 
n rtaiii conditions, ethylsnlpliuric acid. 

Jhiiicfi Erlonmcyer concludes that — 

(1) . Alcohol or ether heated with sulphuric acid aud Avater at a high temperature, 

1‘orrns ctliylsulphuric acid. 

(2) . At a certiiin tomperalurc, and with a given pr«>portioii of alcohql in tJio solution, 

othylsulphuric acid is decomposed into siilphiirio acid and ale-ohol. 

(3) . At a liiglicp temperature, or liy having a. larger proportion of alctdiol in the 

sohilioii, cthylsiilphuric acid and alcohol react so :is to form ether, 

(-1). A ]Mirt of tho ethj’lsiilplmric acid i.s dccoiiqiosod, forming et hylene and sulphuric 
acid, another part forming ethyloiie, sulphur dioxide and water. 


{$). Formation of Ether from Alcohol under the injluencaof Neutral Elhylic Sulphate 
and Flhifhvlphvric acid. Etiijdio sulphate hc.'itcd with tlio proper proportion of alcohol 
vii lils ether wlioii distilled, and othylsulphuric acid together Avith free sulphuric acid 
iri.tlic rosifhir ; this residue heated to 140°, alcohol being allowed to How on it, yii.lds 
clliiT. Erleiiiiieyer therefore tlioiiglifc tliAt the formation of titliylic sulphate iniglit 
ITulifilily preeedi* that of ctlicr. lJut by experiment it was found that alcohol distilled 
wiili Miljiliarie .leid, at a tompcratiiro at which ethylic sulphate could nob form (96°), 
i;:ivo a Iiirgc ]K'iv(mtage of ether in the distillate, no cthyleno or sulphurous acid being 
pi’iwhii'cil. Tile formation of ether at this tciiipcr.'iturc Avns, liowcA'cr, much slow’cr 
ihiinntHO®. 


2. With Ikdls (Kraut, Ann. C% Pharnt. civi. .TJ3). Zinc acetate acts on alcohol, in 
Hu; alisoiieo of water, at ordinary tompt^mturcs, but \cvy slowly; on leaving togetlier 
lor 7.J niontlKS a mixture of 1 uiol. zinc acefato Avith 25 luols. alcohol, about 8 ])cr cent. 

ihtj zinc ncelato was decomposed. A mixture ot* 1 mol. of tho uceUto with 10 mols. 
iilt'>ljnl, lieatcil for 10 hours to 100°, showed a separation of 64’75 por cent, of the 
/ill) oniploycd. TTimi a similar mixturo heated for 10 Jiours to 200°-220°, 97‘1 per 
1 ' 1 ‘iit. ZnO laid separated. 

1 mol. zinc accbile heated Avith 10 equivs. alcohol to 100°, g.iA'o in 
C 10 I.*! ".0 on hours. 

52'2 Gl'7o 77'4 90’2 93 0 per cent. ZnO. 


I mill, zinc valeratti heated with 10 oqui\'s. alcohol to 100°, gave in 


10 

20 

:jo 

50 lioui?!. 

3G-4 

fill 

71-2 


37-8 

02-4 

71-8 

70 CJ 


1 1 1 ethyl fomiato Avas observed in the ucl ion of alcohol on zinc foimato, 

" 10 difficulty of drying tho zinc salt completely, Avithout some decomposition, 

A1 i for comparative experiments. 

■uiil ^ ‘ict on tho acetates of ammonium, magnesium, merciirosnni., 
aopt-it * formation of ethjd acetate. At 100°, it had no action ou sodium 


id's <f Sulphur . — Absolute alcohol treated with eitlier of the clilor- 

Av'itpr 1 SCI*, is couvcitod into ctliylsulphuric acid. Tho product, diluted wdth 
+ Iiarium hydrate, yields barium ethylsulphato (C*lP)*Ba'S*0* 

; 1; cli! 249). 


— Alcohol heated with carbon totrabromido to 100° 
htrahvnJLi yields bromoform amounting to about' three-fourths of the carbon 
de, together with aldehyde and hydrobromic acid. 


CBp« + C*H*0 = CHBr» +. C*H'0 + HBr 
‘ tier [2]. ix. 784). 

«!iirr mlvi presence of alcohol when mixed with a Inigo quantity of 

•ye detocted by moans of benzoyl chloride, which is very slowly decomposed 
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by iR’ater either cold or lukewarm, but is jmmodiiittdy convortod into ethyl Lenzoat 
by auy alcohol that may bo preuent. The ethyl benzoate remains mixed with thf 
oxcees of benzoyl chloride, but may bo detected by beating a drop of the chloride witf 
aqueous potash, whitdi dissolves the chloride almost immediately, without at 
acting on tlio ethyl benzoate, which may then be I'ccognisud by its odour. The roac- 
tion is very distinct in working with 20 to 25 c.c. of water containing a hundrodili 
pairt of alcohol. Even witli a thousandth part, the fiiuoll of the benzoic other is vor\ 
apparent when several cubic centimeters of liquid are used (Bcrthclot, Compf, mid 
Ixxiii. 496). 

Eor tho detection of alcohol by Liebeti*s method of converting it into iodoform 
Suppl. 693), tho following inoflo of proceeding is rccoiuiii ended by H. Jlager, 
{Zeiischr. anal. Chem. ix. 492). The rougeiitK used are a solution of potassium iodiflo 
in five or six times its weight of water suporsataratod with iodine, and a solution of 
potassium liydrato of tho stnmgth of 10 per cent. The clear liquid is heated lo 40°- 
60® w'itli five or .rix drops of the pobish-solution, and tho iodino-solut.ion is tlun 
added, with gentle agitation, till the liquid bocomes somowdiat yellowish-brown. If 
this colour does. not disappear on agitation, a drop or more of tho l>ot'ish-solution b 
added with a glass r<^d till complete decoloration takes place. The resulting iotloform 
is tlinn depositcfl at the bottom of the test-tube in yellow cr 3 ’stals. 

If the body to bo tested is not soluble in water, it must bo sliakon up with ,*) to 10 
times its volume of lukewarm water, the liquid filtered, and tho filtrJite tested us altovi>. 

To detect alcohol in chloroform, tho latter is briskly shaken with about 6 times 
its volume of water, then w’armetl to 30® or 40®, ag}iin shaken till the liquid a]>iH‘iU's 
milky frj>m finely divided chloroform, and tho chloroform is separated from tho watery 
liquid by filtration through a wet filter. 

A. TShichez {J. Pharm. [4], ix. 289) detects alcohol in chloroform by introducing a 
few grams of the liquid into a test-tube, adding a stick of potash ns dry as possibift, 
agitating for five ininuto.s, then removing tho x»otash, shaking tho chloroform with nil 
eipial volume of water, and adding a small quantity of solution of cupric sulphato. If 
alcohol is present, a precipitate of cupric hydrate i.s formed by tho potash, wliich tliu 
alcohol dissolves. Pure clilorofonn does not give this reaction, inasmuch as potash In 
not dissolved by it. A. Vogol {Zeitschr, anal. Chem. viii. 473) adds pyrogallic arid to 
the potash-solution decanted from tho chloroform ; if a yellowish or brownish colour 
is thcMi j)roduced on exposure to tho air, the i>resence of alcohol may bo inferred. A 
simpler, lluuigh perhaps less delicate method, i.s to place a few drops of tho chloroform, 
after agitation with potash, on rod litmus-puper, tho presence of alcohol being then 
indicated by the i>roduction of a blue spot. 

Mixtures of .A.lcoliol and Water. — The specific heats, heat of combination, boil- 
ing point, eapillnrify, cxpan.sion by heat, and compressibility, of mixtures of water and 
al,solut<! alcohol in various joroportioiis, have been dcteriuincd byDui)ren. Page(/VaV. 
Trans. 1869, 691-614 ; Proc. Hoy. Soc. xvii. 333; Phil. May. [4], xxxviii. 168; Voag- 
Kryansungshand, v. 221 ; Jahresh. 1869, 95). 

The results are given in the following tables, in which tho * calculated values’ of 
tlift several pliy.sical properties are determined on tlio supposition that tho effect of oacli 
constituent of tho mixturo on tho property in question is proportional to its weight. 

Tlie greatest difil-roncos bctwoori the observed and calculated values take place in 
mixtures containing between 30 and 45 p.c. of alcohol; 30 p.c. corresponds nearly vita 
tho formula C-H*0 + 6HTI (= 29-87 p-c.);, 45 p.c. nearly with C*H®0 + 3ll‘0 
46 jD.c.) Tho excess of tho specific hent of any mixture above its calculated Bmount is 
approximately equal to tho quoti’ont obtained by dividing the number of 
evolved in the formation of the same mixturo by 3*411, and the depression ot 
boiling point is approximately equal to the quotient obtained by dividing the coeni«<^n 
of capillary elevation by 3*6. 

Heat of Mixture of Alcohol and Water. 


'Weight por cent, of 
Abkfluto Alcohol 
90 

so 

70 

60 

50 

45 

40 

30 

20 

10 


Ifcat-unlts for 5 grams 
of Mixture 
. 7-7025 

. 12-4775 

. 18*8200 
. 27-2620 
. 35*5850 

. 38-8095 

. 44*8630 

. 47*0800 

. 48*9545 

. 26-6850 
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S/iccific Heat of MiMurea of Alcohol and Water, 


Kr of 

Alcohol 

Siwcific ITcat Inferred to Water s= 100 
fonud j calculated 

1 1 
1 llllTeronoo 

.■» 

10ir>02 

! 

j 

i 

10 

103 570 

i 90 043 

+ 7rj33 

•20 

101-302 

92080 

12-270 

:o) 

102-602 

88-129 

14-473 

■10 

90-805 

84-172 

1 2-033 

1 -lij 

94-192 

82*193 

11-999 

TiO 

90-633 

80*215 

10-418 1 

60 

84-332 

70-258 

8-074 1 

70 

78-445 

72-301 

6-114 ! 

SO ; 

71-690 

68-344 

3-346 ; 

!)0 ; 

65-764 

01-387 

1-377 

100 i 

60-430 

1 



Boiling Points of Mixtures of Alcohol and Water, 


W'clj'ht IKT CMlt. <if 
Absolute Alcdlad 

1 Builine' Poiiiti 

1 oljsorvcd j 

1 

calculated 

1 l:>iner(neo | 

0 

99 - 4 *^ 

i 


; ! 

10 

90-98 

1 

97 - 25 ® 

— C '27 1 

20 , 

80-60 


9610 

8-00 ■ 

30 

84-01 i 

! 

92-95 

8-94 i 

40 i 

82*52 

! 

90-90 

S -.38 j 

45 

81-90 


89*72 

7-73 

50 

81-33 i 


88*60 

7-27 1 

60 

80-47 


86*60 

6-03 i 

70 

79-61 


84-36 

4-74 1 

80 

78-84 


82*20 

3-30 ; 

90 1 

78-01 


8005 

2-01 ! 

1 

100 

i 77-89 




Caj)/ llnr?/ Heigh is of Mixtures of Alcohol and Water in a tube of 
O' 584 mm, diameter y at 16°. 


ptT 

(Vllt. of 
A^lcdhol 

II 

obaorved 

iight 

referred to 
Water = 100 

Bclatiye Mole, 
ciilor Attractlou 

Height 

calculated 

DlfTeroncc 

0 

10 

20 

30 

49-47 

100 

100 

100 


34-22 

69-17 

68-07 

93*11 

— 26*04 

27-92 

56-43 

54*83 

86-22 

31*39 

■10 

23-84 

48-19 

46-16 

79-34 

. 33*19 

45 

22-41 

45-30 

42*56 

72-45 

20*89 

50 

21-04 

43*74 

40*64 

69*00 

28*36 

60 

. 21-24 

42-93 

39*43 

65*50 

26*13 

70 

2003 

42*30 

37-89 

58*68 

20*79 

80 

20*66 

41*76 

36-42 

61*79 

16-37 

90 

20-43 

41 *29 

35 03 

44*90 

0-87 

100 

20-00 

40*64 

33-35 

38*02 

4 07 


19*40 

39-21 

31*13 

3113 
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Expansion of Mixtures of Alcohol and Water deduced froin the observed Specif e 


Weight p.c. of 
Alc'chol 

Volmne at) 10® 

Volimic at 20° 
found 1 calonlntcil 

DiiTfliciico 

(} 

100 

100*154 

100-151 

■ 

10 

100 

100*212 

100-272 

- 0-060 

20 

100 

100-405 

100-386 

+ 0019 

30 

100 

100-632 

100-489 

0-U3 

40 

100 

100-783 

100*601 

0-182 

•io 

100 

100*827 

100-652 

0 - 1 7 r> 

50 

100 

100*808 

100*700 

0-168 

59-77 

100 

100-014 

100-780 

0-125 . 

69-70 

100 

100-980 

100-874 

0-106 I 

79-81 

100 

101*020 

100-954 

0060 : 

89-8:) 

100 

101-052 

101-031 

0-018 j 

j 

100-00 

100 

101*088 

! 101-088 1 


Compresaihiliti/ of Mixtures of Alcohol and Water for Vresmre of One Atmosphere. 


Weight p.c. of 
A.lcoliol 

Tcinjicrnture 

Coiiipr 

cil>Bcrrcd 

[>.ssiou 

ealoiihited 

Differericr; 

0 

0® 

0*00004774 

0-00004774 


10 

ii-2 

0*00004351 

0-00005387 

• -o-ooooio:;6 : 

20 

11-5 

0-00003911 

000005008 

0-0()0020H7 

30 

10 2 

0*00003902 

0-00006584 

(J •00002682 

40 

9 

000004347 

0-00007118 

0-00002771 : 

45 

8 

I 0-00004608 

0-00007364 

0-00002756 : 

50 

9 

0-00004878 

0-00007600 

000002722 

50-77 


0-00005620 

00()008020 ; 

000002109 : 

69-70 

10-1 

0-00000150 

0*00008426 

0-00002267 i 

79-81 

9-6 

0-00006942 

0-00008775 

0.00001833 ‘ 

89-89 

11-1 

000007950 

0-00009140 i 

0-00001190 ; 

100-00 



9-7 

0-00009349 

0-00009349 

i 


Dctcrmi nations ofthospocillc gravityof mixtures of alcohol umlwaterattliifwent 

tomporat.uros have aLso boon niado by Mendclojeff {Eoyg, Ann, cxxxviii. lOU? 230).^ 
from which ho infers that between tho tomperntures of 0® and 30®, tho innximuin 
contraction takes pluco in mixtui’cs corresponding with the formula C“H*0 + 3H*0, 


Weight p.P.of Ab- 

I Spcclflc Gravity, referred to Water at 4° ■= 100,000 

solute Alcoiiol. 

i ntO® 

at 10° 

at 20® j 

1 ni dw 

0 

99988. 

99975 

99831 

99579 

5 

99135 

99113 

98945 

98680 

10 

08493 

98409 

98195 

97892 i 

15 

97995 

9781 G 

97527 

97142 
96413 1 

95628 

20 

07566 

97263 

96877 

25 

97115 

96672 

96185 

30 

96540 

95998 

05403 

94751 j 

93818 ! 

9*787 ' 

91710 
90077 
891«« I 

88804 ' 

871*8 
. 8,1928 

84719 
88488 
8**89 
809J* 

79858 

78098 

35 

95784 

95174 

94514 . 

40 

94939 

04255 

93511 

45 

93977 

93254 

02403 

50 

92940 

92182 

91400 

55 

91848 

91074 

90275 

60 

90742 

89944 

89129 

65 ] 

89595 

88790 

87961 

70 

88420 

87613 

86781 » 

75 

87245 

86427 

85580 

80 

86035 

82515 

84866 

85 

84789 

83967 

83115 

90 

83482 

82665 

81801 

95 

82119 

81291 

80483 

100 

80625 

79788 

78945 
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Tho Bpeciiic heats of mixtures of nlcohol witli water, carbon bisulphide, clilorofomi 
1 bonzono, have been determined by J. IT. Schuller {Pogg. Ann, Ergdnsttngsbavd^ v. 
llli 192). The specific heals of these several liquids in the pure state were first 
(Kt’jrriiii't'd with the following re.siilts : 


Alcohol 

Tomp. 1 Heat 

Carbon Bisulphide 
Temp, j 8]). Heat 

■ 

Cliloroform 

Tgiji]i. I Sp. Heat 

Benzene 

Temp, j 8p. Heat 

1 

lG-30® 

1 

! 10-40.0° 

0-C019 

0*(j067 

0*G120 

14-29*5® 

0-2468 

16-35° 

lS-30® 

0-2337 

0*2331 

10*5-30-6® 

19*5-35*5® 

20-41® 

0*4518 
0*4194 
0*42;} 7 


Ireiii the observed specific heats of absolute alcohol and bciizeno above given, tho 
specific heats for other tom^icratures may bo calculated by tho formulae : 

for alcohol, c -= 0 oo85 + 0*00093195 i + 0 0000003463 
for benzene, c — 0*3798 + 0*0007^ t 

The specific heat of the carbon bisulphide actually used for tho mixtures was 0*2442 
lor yn iiilta'val of temperature 15® to 30®. 

Ill Ihc following t.iblcs, c denotes tho observed specific heat of tho mixtures, C| the 
]iiL‘!iu specific heat of tlio mixture calculated from those of its constituents : — 


S^cific Heat of Mixtures of Alcohol anti Jratcr. 


Alcubul ill 100 parte of 
Mixture 

c 

c, 

c 

cT 

14-90 

1*0391 

0*9424 

1*1026 

20*00 

1-0 156 

0*9227 

1-1331 

•22*56 

1*0136 

0*91-28 

ri i:i3 

2856 

1*();554 

0*8896 

1*1639 

;}5*22 

1*0076 

0*8638 

1*1665 

44*35 

0-9610 

0*8285 

1-1599 

49*46 

0-9162 

0 81014 

1*1307 

49-93 

0-9096 

0*8061 

J-1284 

54*09 

0*8826 

0*7009 

1*1159 

54*45 

0-8793 

0 7895 

1*1139 

58* 17 

0*8590 

0*7251 

1-1082 

73*90 

0-7771 

0*7172 

1-0771 

83*()0 

0*7168 

0-6817 

1 10515 


Spicific I{c(U of Mixtures of Alrohvl and Carhtm lUsulphide. 


Alcohol ill 100 iHirte of 
i .Mixture 

c 

C| 

c 

Cl 

' 1604 

0-3371 

0-3016 

1-1177 

20*06 

0*3560 

0*3160 

1-1266 

3006 

0 3989 

0-3617 

M342 

35*00 

0-4133 

0-3693 

1-1164 

40*53 

0*4237 

0-3881 

1-0917 

48-64 

0-4471 

0-4162 

1-0712 

50-30 

0-4808 

0-4564 

1-0535 

70-90 

0-5138 

0-4966 

. 1-0346 


Specific Heat of Mixtures of Alcohol and Chloroform, 


AHhol ill 100 parte of 
Mixture 
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Specific Heat of Mixtures of Alcohol and Benxene^ 


Alcohol ill 100 parts of 
3Iixture 

c 

20*43 

0-5022 

24*45 

0-5112 

32-54 

0-5208 

48*74 

0-5465 

57*85 

0*5565 

66-89 

1 0'5666 

80-15 i 

0-580-2 


Cl 

0 

c7 

0*4574 

1-0979 

0*4646 

1*1003 

0-4816 

1*0939 

0-5139 

i-og:m 

0-5283 

1-0534 

0-5455 

1 -0387 

0-5712 . 

1-0271 


In all these alcoholic mixtures the observed specific heat is greater than thn mean 
value obtained by calculation from the specific heats of tlio constituents, niwl it m.iv 
even exceed the specific heat of that constituent which has the greater specific heat. 
As the proportion of alcohol becomes greater, the ratio of the true to the moan spwlfc 
heat increases also, rapi<Uy at first till it al tains a maximum, then diminishes some- 
what quickly at first, after^vliirds more slowly, and grjidually approximates to the first 
value. 

In tho case of mixtures of alcohol and water, the excess of the observed over the 
calculated nieaii specific heat is confirmed by the ex}»eriments of I)upr6 and 
already cited, also by those of Jamin a. Aiiiaury rendAxx. 1237). who cxphiin 

it on the hypothesis that tho specific heat of a body increa.se« ns its density diniinifihc.-. 
and must, therefore, he greater in mixture in which each of the constituents is Jif- 
fused through the entire volume. 


BTH7& BSOMXlllif O’H'^Br. DccompOitition hy the Copper^Zinc Coujpk (p. 
451). — Tho action of zinc coated by precipitation with finely divided copper on ethyl 
bromide at 100^ is in the main similar to that w'hich it exerts on the iodide (p. 479), 

giving rise to zinc cthy 1 obromido, Zn or Zu(C'H*)»ZnBr«. It raries, 

however, greatly in different experiments, apparently depending on small differeiici’U 
in the. conditions, tho nature of wdiich has not yet been determined ; in some experi- 
ments no action took place, even when the ethyl bromide was heated with tho dry 
couple for thirty-six hours. When the ethyl bromide is mixed with a little ethyl 
i(xlidc, tho iTaction always takes place, and with comparativo facility, the cthiodidu 
at first formed appearing to facilitate tho formation of tho cthylobromido. 

Zinc othydobromicle melts at 62° and crystallises on cooling in white pearly scnlos. 
When heated it yields zinc-ethyl, a great part of winch, however, is decomposctl, 
yiehling ethane, ethylcno, and metallic zinc, Zn(C*H*)* = Zn + C-H^ + C®II*, app- 
rently in conseqiiciico of the high temperature required, so that tho quantity of 
ethyl obtained is only about a third of that which is theoretically pri^ucible. 

The action of the couple on ethyl bromide in presence of waiter or alcohol is very 
slow at ordinary tomporaturos, but proceeds much more rapidly on application opiost- 
ethane being evolved and bromhydrato or bromctJiyluto of zinc- remaining in tlw 
flask: — 


C»H*Br + H«0 + Zn = C*H« + Zn ; 

C=Il»Br + C*II*0 + Za = C’H' + Zn 


(Gladstone a. Tribe, Chon, Soc, *L [2], zii. 410-415). 

Bromethyl bromide^ (obtained by the action of btomiDO on ethyl browWo 

170®) treated with sodium ethylate yields sodium bromide .and bromothylene (Ftogetne 
with alcohol : + C*lPNaO « NalJr + C*H«0 + C*H»Br).— The same pro- 

ducts are obtained by tho action of sodium ethylate on the addition-product of mono- 
broraothyleno and dilute hydrobromic acid, OTPBr.HBr, which agrees also in j.|j 
properties with bromethyl bromide, and is thmreforo probably identical there 
(Eeboul, Ann. Ch. Pharm. civ. 29). /wiTiRr Br 

Ethyl bromide treated with bromino yields monobromethyl bromide 
ethylcno bromide and dibromethyl bromide C®H*Br*.Br. 

may bo separated by treatment with an alcoholic solution of pobissitim sulphj^" J 
which converts tho ethylono bromido into the compound C*xPS‘“. 
bromide treated with ammonia yields collidine, C''H”N, boiling at 
bromethyl bromido and potassium acetato, heatocl together in ulconDlio soJutJpn, / 
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aldehyde and acetal. Oxidation of monobromethyl bromide by moans of lend dioxido 
and vator, leads to the production of aldehyde. 

J)ihrfniitthyl brotindc may bo produced by the action of bromine on ethylene bromide, 
an I when the product thus obtained is treated with sodium ethylate, two substances 
liavinff the composition C-*H»Br= are producecl, one boiling at 91° the other at 161°. 
Tho pro liictiS of the action of bromine on ethylene bromide contain a small proportion 
of ji siibslance containing and boiling, with partial decomposition, at 200°. 

This snbsliMice remains fluid at —20°, but the isomeric body obtained by tJio action 
of bromine on acetylene forms crystals melting at 185° (Tawildarow, DetU. Chem. 
Cks. Ikr, vi. 1450). 

STHYIi CBXiOBZSlSf C-H-'CJl. The easiest method of preparing this compound 
is to pass Jiydrochloric acid gas into a boiling solution of zinc chloride in 1^ times its 
weight of alcoliol of 05 p.c., contained in a flask connected with an inverted condenser 
Hiifl a wash-bottle containing water. Nciirly the whole of the alcohol is thus converted 
into clhyl chloride (Groves, Chr.m. Soc. J. [2] xii. 637). 

Chhrhmtfd Drrivaiiws.— It lias hitherto been siipjKised that of the various bodies 
C-(H,C!1)« produced by passing clilorine into ethyl chloride, only the final product 
is idcMilic.'il with the similarly composed pro<luct formed by the action of chlorine 
on ethylene chloride. According to Oeuther a. Stiipff, however {jenaische Zvjtmhnft, 
vi. 22»). this view is not correct, the two scries from CTl-GP i inclusive) to (3-Cl« 
nniiing into one. According to Rcgiiault, the chlorination of clliyl chlorido yields the 
bwlica -- 


boiling at 


cni'ci^ 

61° 


0-iPCl> 

75° 


c^ir-'ci^ 

102 ° 


C-IICP 

115° 


Ori the otlicr luind, according to Geuther, the action of chlorine on chloride of cthylcno 
yit'lilB the coin pounds — ^ 


CTl'Cl- 

82*5° 


116° 


C*JPCB 

135° 


C-C1« 

153-5° 


boiling at 

(?™tlirr ti. Stnpfi: by frncllonnlly diKlilliiig a large quantity of cniilo chloviiinte.1 
ethyl cliloridc (the portions boiling at 62°-72° and iit ZS® being subjectod, after furl hor 
olilonniition. to the .same trc.'itinootA ribhiinml nf ni«rkr1iir.tu ....f i... 


. ' « I.. i.u ,1. nuujciziAHi, luniier 

ohlonniitinn, to the .samo treatment) obtained, of products not further alterable by 
in addition to the constantly occurring C^Cl", vnly bodies boiling 


friictiomilion, and 
icspcctively at: 

n. 

58°-64° 


II fl. 

81°-84° 


m. 

75° 


nif7. 

115° 


IV. 

135° 


V. 

153° 


Tiio portion which originally pissed over at 102° or 146°, always .split up into bodies 
llns scries (and U'^C1“). A portion of III «. boiling at 116-6° (corr.), gave, on 
siiiiiiysis, iiunibers agreeing with the formula C'-IPCP. The product II a. was oli- 
iiiuiKl, in small quantity only, by very careful fractional distillation of a product boil- 
! exhibited the composition of a mixture of C-JI^Cl* and 

11 , then, wo admit with Geuther that in the group G'll'Ol''-* equulity of 
willing point and elenientaiy composition indicate chemical idontity, the preceding 
- CIS iiiu.st be ri-gardcd as c.stabli.shing the projwsition above stated, viz., that the 
mwpomliiig Ijodics produced by chlorination of ethyl chloride and of ethylene 
]T I same series. According to Stapff, the body above designated as 

■ yjchls, by further distillation, a liquid having exactly tho composition (HPCP. 

I > identical, therefore, with ethylidcne chloride. 

on^V^vi lY 6000 grams of tho crude product of the action of cjilorino 

miMv i ^ **■ very largo number of fractional distillations, found that ulti- 

infer/tli f ^ grams -wore obtainable boiling Ixitween 80° and 90° ; whence ho 
«nnll n . chloride docs not occur amongst the products of the reaction, tho 

which Geuther obtainod being probably formed — as, indeed, Geuther 
I'uiao ^ contained in the uthyl cliloride. Small quantities of pure 

and 74-60 ‘“■‘^'i^rinated ethyl chloride were separated, boiling respectively at 62° 

the boiling point of monochlorethyl chloride (ethylidene cliloridc, 
^■Biiits Kr" 67^-69°, Beilstoin, and also Kramer, 60°. Of these 

perhaps tho most trustworthy, as ho operated on larger quantities 

C*H*I. This compound, treated with sulphuric anhydride^ 
o y Separation of iodine,, an acid isomeric with ctliyl -sulphuric acid, (C^IP) 
t into ohhrh^raiet SO=(HO)Cl, acts strongly on ethyl iodide, converting 

^'l-sulphuric acid (Wroblewsky, Zeit^kr, /. Chenu [2], iv. 563; v. 280). 
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When a solution of phosphine in nthyl iodido is hoatod, either alone or mixed uritl 
an etlicronl solution of zine iodide, the iodides of triethyl- find tetretliyl-i;)h(j.si!h(.i,|ii * 
arc produced (Hofinnnuj Dent. Chem. Ges. Bcr. iv. 372). 

Decomposition hy the Cojrper~Zhic Couple.--^Z\nc-foil coated with metallic copper | 
immersing it in a 1 p c. solution of cupric sulphate, decomposes ethyl iodido at 100“^ 
yielding white crystalline ethiodido of zinc, Zn((3=IP)I or Zn(C-H*)=*.Znr-, which, wlieil 
gently heated, is resolved into zinc-ethyl and zinc iodido, together with more cir less 
of combustible gas consisting of otliano and othyleno, resulting from decomposition I f 
the ethyl. The reaction is, in fact, the same as that which takes place whon otlivl 
iodido is strongly h(?atod wil h zinc alone in scaled tubes (ii. 524). At ordinary tini. 
peratures, or at 100®, ]mre zinc has no action on ethyl io<lide. The ctliiodido of zini- 
is resolved by gentle hmiting into zinc iodide and zinc-otliyl, Zn(C2H*)’', the quiinlitv 
of the latter obtained being about two-tliirds of the totiil quantity theoreticallj' pro- 
ducible from the ijiaterials employed; this rciictioii aftbrds, therefore, an easy niclJio.1 
of obtaining zinc-etliyl in considerable quaiititj”. 

Ethiodido of zinc may bo viewed either as Zn j j , formed by direct conibina- 

tion, or as a compound of zinc-ethyl with zinc iodide, Zn(C“IP)-.ZnP. The latter viiw 
is perhaps the more probable, inasmuch as the especial function of a gjilvanic coiiplo 
appears to be the resolution of a biucary compound into its tdenicnts. 

When tho couple acts on ethyl iodide in ]>rcscnce of water, ethane is abundanilv* 
given off) and zinc iod hydra to remains in the llask ; in presence of alcohol tliep;v> 
ducts are ethane and zinc iodcthylato ; 

C=H»I + H^O 4, Zii = C*n» + Zn 
+ C-II“0 + Zn =. C-U" + Zn 
(Gladstone a. Tribe, Chem. Soo. J. [2], xi. 415). 

BTHn OUBS or BTBnzc BTBBB (Cm^yO. Pure etlier, when 
sh<akcn with water, does not eonimunlcato to the water anything capable of yicliliiii,' 
the ifKloform reaction (indicating the presence of alcohol) when treated M'illi 
and potash ; such ether can bo obtained by distilling purified ether two or three timis 
over sodium, tJjo cntninoe of moisture being prevented by moans of a chloride of 
calcium tube. J*)ther thus purified docs not give the iodoform reaction oven nftcL' 
standing H year in well closed vessels; if, however, it bo mixod with water or dlhilo 
sulphuric acid, and heated to 100® for a day, a strong iodoform reaction is obtained, 
and when it is kept in contact with water at the ordinary temperature for throe or 
four months, the same result ensues. 

Pure ether sealed up with fragments of sodium, caustic potash, or potassium ftir- 
bonato, was unaifectod even after many months ; but in contact with calcium chloride, 
sodium chloride, or copper sulphate (anhydrous), decomposition took place, and a body 
which yielded the iodoform reaction was produced. , . 

It appear.s therefore that bases do not cause this change in other, while, noutriii 
Sc'ilts and acids do ; possibly ethylates are formed thus : 

CuSO< + CWO.CH* = Cu |o.^^!oC=H.* > 

or poiisilily fclio ether splits into alcohol and ethylene (Lichen, Ann. Ch, Fharm. els'- 
134). . , 

On tlio formation of alcohol from ether, and of ether from alcohol^ by the action o 
water and dilute sulphuric acid, see p. 478. 

Action of Ether on Iodides. — When a concentrated solution of an 
with starch-paste and then shaken with etlier, part of the iodine is after 

starch is turned blue. If tho solution is dilute, the blueing does not *PP®®? 
two or three hours, mid in extremely dilute solutions not till after two or three ^ • 
On filtering from the blue starch and adding more ethor, a blue colour 
duced, and so on, till at length all tho iodine is removed from the compound. 
waters containing iodides exhibit, when thus treated, the same reactions as anin<^ 
prepared solutions (E. Porriire, J. Pharm. Chim. [4], xvi. 107)* 


CUorimted Derivatives of Ethyl Oxide, 

MoBoohloretlijl osldef C^H*C10, tho first product of the tiie. 

ether, IB identical with tho body which Wurtz a. Prapolli obtained 
action of hydrochloric acid on an alcoholic solution of aldchj^le/ 
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thyl oxido boils at 97°“98°. With sodium othyluto it fonn.s acetal ; sulphuric acid 
dwoinposca it, with formation of etliyl-sulpliuric acid, hydrochloric acid, and aldehyde. 

Those reactions show that its constitutional formula is CIP.CH |qq2jj5 . When 
iroatod with water it yields, besides h3'drochloric acid, a li(iuid which . boils a little’ 
1 (flow oO", has the composition CIP.cn from it.s analogy to chloral 

ulooholato may ho called aldeliydc alcoholato. Condensation-products are formed 
■ii the siiino time, the first of which, boiling between 80° and 84°, appears to have the 
C1P.CII(0C*H5) 

constitution O (O. Jacobson, DeuL Chem, Gcs. Ber. iv. 210). 

CIP.CH(OC-IP) 


Dlctaloretliyl Oxide, C*H®C1*0 (Jacobsen, loc. cit. ; Abeljanz, Ann, Ckem, Phann. 
I'lxiv. 197). Lichen has shown that both the chlorine-atoms of this compound aro 
sitiiiitcd ill one ethyl group, as represented by the formula C-IPCP.OC'JP {1st SupitL 
.''’9(0 ; but hi: lias not dctoi*mincd which of the three following formulsG, included in 
tl’.c pm’odiiig, viz., 

fcirci" (cipci fCJp 

i cip i cnci J cci- . 

(oeqp loc-H» loc-H* 

iniist bf! nci cpled a.s the true rpiu'osoiilativc of its constitution, tliougli, for a reason to 
In' niciitioiuHl lioreaftcr, he gives tlio prcfcriMico to the third. But the reaction of the 
(.‘onipoiind with su/j)htrric acid^ by which it is easily and completely resolved into 
illiyl-sulplmric acid, hydrochloric acid, and moiioehloraldehydc, C1I'-*C1.CH0, and 
with sndii/.m eih^latey whereby’ it is converted into monochloracctal , CH-Cl. 
ril(0C*TP)''*, identical with Licbon’s cthylehlorinatod ethyl oxido (l.sj5 Snppl. 607) 
diow that it is correctly represented by the second of the formulae above given ; — 

(I.) CII‘Cl-ril + H-SO’ H(C’--H*)SO’ + llCl + CH’Cl— Clio. 

(i) c.’ll=Cl--Cll |qc.j2j + NaOC»H‘ = NiiCl + CH=Cl-CH(OC»n»)* 


lly the action of dlchlorcthyl oxide is converted into the alcohol ate of 

raoiiochluriildchyao, CH»CI— CU |oh“*, boiling at 0o°-8C“ together with 
I fjmli}n.sntiou- products (especially on warming), the first oF which distils at about 
CiPCl— CIIC00=*H®) 

and has the composition i 

, . CH*C1— CH(OC2JP) 

*** ilualogoiis to Glinsky’.s monochloraldohydo hydrate, C-H"C10 + 
i t 0, or C'1PU1'*0* + IPO {Deut, Chem, Ges, Bcr, iii. 870), the constitution of which 

CH=Cl.CHOH 


be rc'pivsentcd by the formula O (Jacobsen). 

cicci-Ahoii 

iMtnri dicliloretliyl oxido dodiicod from the preceding rcactitnis is corit)bo- 

‘‘^^Jp'Juiiid”^^ experiments of Abeljanz on tlio .-ictioii of phosphorus trichloride on this 

die siilLstances brought together in molecular proportion react pretty briskly, 

*>oi‘tL‘il ^ rising to 66° or 70°. The experiment was performed in a retort coii- 

finall" f condenser, and this again with a series of Woiilfc’s bottles, lead- 

and ^®^^"COoled Liebig's condenser, terminating in a U-tubo surrounded by 

bottles !!n\’ 1 siiiall quantity of hydrochloric acid was collected in the Woulfe’.s 

‘oiitiiini;,! L * U-tul)o a considerable amount of jairoethj*! chloride. The residue 
below and oxychloride, and when submitted to distillation 

oF1iviUv.m ■ ^ liquid which, when treated with water, yielded a large quantity 
.L y^liloric iicid and « i: n 


‘•stillation i, i *«>ui luo ciisuiiatc, out a.s it was iicconipwcu xv- 

2«d Sun, was oxidised by licatmg it with excess of silver oxide. After 
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Tonioval of the reduced silver and the silver chloride, which liad been simultancoi i 
produced, the acid wns converted into zinc salt and aniilysed. The physical ^ 
pcrtics and composition of this compound showed that it was zinc 
Zn(C-^K=*0»)=. ^ 

The products of the action of phosphorus pcntfichloride boiling above 130® 
sisted chiefly of unchanged dichlorethyl oxido. 

The principal react ion between phosphorus pcntiichloridc and dichlorethyl oiid 
may bo represented by the following cqiiiitioii : — • ° 


+ PCI* = Poci-' + c-ip<.,!i + 

oc®n* < uiit/P 


The lust body, by boiling with loud oxido, yields monochl oraldoliyde: — 


CHSCI ^ 

cnci- ^ 


TbO 


PbCl« + 


^OH=Cl 

JCliO ' 


and this, when oxidised by silver oxide, gives silver chloride, metallic silver, and wivor 
glycol late : — 


JCH^Cl 

jeOH 


+ 


4AgOH = AgOl + Ag= + 2H“0 


+ 


rnipoij 

ICOOAg- 


Heaction of DicMorcihyl Oxide with JVater and with Alhaiut . — Dichlorethyl oxido 
heated in sealed tubes, with seven or eight tinn^s its volume of water, to 115°-12()"’, 
but not higher, gives a colourless homogeneous solution containing hydrochloric acid, 
ethyl alcohol, and a mixture of aldehydes, ciniong which chloraldeliydo may bo iden- 
tified by treating it with silver oxide, whereby it is converted into glycollic acid. 
Another portion of the watery sfjlutioii of the aldehyde, cxposiid for a week to tho air 
and then evaporated, yielded a mixture of two kintls f)f crysUils which, when sopaMted 
and recrystalliscd, proved to bo monochlorucetic acid (fi*oin tho chloraldehyde) nml 
glycollic acid. The latter could only have resulted from tho oxidation of tho hitherto 
0I[ 

OHO ’ ■'vhich may ho regarded as the aldehyde of glycollic 

acid. 

Tho oily body which -was produced in small quantity by distillation of the original 
acid solution, is probably a hydroxyl-clilorctliyl oxide, 

From tlieso results the principal reaction between water and dichlorethyl oxido may 
bo representad us follows : — 


JcHCl + JIH) = jpow* + HOC-U» + jrci. 

(oc»n* 

Diclilorethyl o.xide Chloraldeliyilo Alcohol 

The oxiddeliyde results from tlic subsoquoiit dccom posit ion of the chloraldehyde by 

JOIPCI . 50]I»0II ^ „p, 

icon + HO “ icon + 

Oxnldehj'tlc 

With alkalis dichlf)rethyl oxide yields products similar to those obtained in its 
decomposition by water, viz., alcohol, cliloraldohyde, and two other chlonnatcf 
bodies. One of these has the com]X}sition of a hydroxyl -chlorethyl oxh 

j CH(OH)(OC*H*) * about 153® ; the other is a condensation-product, 

fC»H»C1.0C*H* , 

*1 0 , boiling at 1 03^-165^, and identical with tho body observed by Juco 

sen ns a product of tlin decomposition of dichlorethyl oxide with water. . .y 

Besides tho ronction in w'hich tho hydroxyl-ciilorctliyl oxide, just desenbedf J® 
principal product, another which yields an isomerido of that body occurs at tne 
time, viz. : — 

fCIDCl /GIl*(OH) 

J CHCl + KOII = KCl + i CIICl . 

(OC»IP (OCTP 

This latter siibstanco is not siisccptiblo of condonsation, Imt when treated 
centmted sulphuric acid, it yields hydrochloric acid, ethyl -sulphuric acid, aw* 
hyde 
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fCITOH 

JCTTCI + n-SO^ » H(C“H>)SO* + HCl + 


to"othcr witli a small quaiitily of u body, C*H*Cl'-0^ which is tho aiialo^^ito of othy- 
lidone oxychloride, and results from a secondary reaction between tho hydrochloric 
acid and tho oxaldohyde 


iCH-OlI 
- iCHO 


+ 21IC1 


= mo + i 


Clt'OH 

CHCl 

o 

CUGl 

emoK 


Tho condon.sal, ion-product, C*H"’01-0“, obtained fnmi dichlorothyl oxido by tho 
lu tion of pol-Msh, fiivcs scarcely any hydrochloric acid when treated with sulphuric acid, 

I lilt tonus cliloruhlohy<le, water, and dhylsulphiiric acid. 

The cliloraldoliyde cannot be purified by fractional distillation, but when oxidised 
1<V silver oxide it gives glycollic acid; on exposure to the air it leaves crystals of 
iiionochloracct ie »u;i(l. It unites wdtli bisulphite of soda, and ammonia passed into its 
••tlicreiil .solution produces a compound which crystallises in large pearly tables molting 
atahout 13G°. 

liiehcn, by treating clichlorethyl oxido w'ith |X)t'ish, obtained indications of the forni- 
atieri of ai ulif. acid, a. result which would imply that dichlorothyl oxide should be 
rcpreseiiled by the third of the preceding fonnulae, CH®.Cl-.OC*Il* ; thus — 

|('? H aKOH = 2KCI + IPO + nOC=}P + 

(c-H> <00 K 

C'.v ut all events that this modification was present in the substance operated on. But 
if this were the case, acetic, acid should also have been found in the final pi’odnct of 
Uip scries of rtiactiorus described by Abcljanz, who prepared his dichlorothyl oxide 
exactly accortling to Lioben’s cliroction.M, but not a trace of acetic acid could be dis- 
curci'cil. Ncitlui' could acetic acid be detected in tho saline residue obtained by tho 
.ii tion of potasli on dichlorothyl oxide, that residue consisting of potassium chloride 
vitli ii Hniall quantity of forineto. 

CIPCl 

Diridorothvl oxide being then rcpre.scntcd by tho formula | , tho coiii- 

CITCl.OOTP 

p nuuls formed from it by the action of sodium-cthylatc, zinc-ethyl, &c. (1*-^ Svji^nL 
o97) must bo represented by analogous fonnula?, viz. oxothyl-chloretliyl oxide 
the first product of the action of sodium ethylate, by either of the 

foromlsG 


CH*C1 CH-»(OOTP) 

I i » 

CI^OC^H^O)* CHC1(0C»H^) 

and dioxothyl-cthyl oxide, C"IP“0', the product obtained by the further action of 
tlio s:imo reagent, l)y the formula 

CH«(OC='H*) — CH(OC=H»)*. 

Uliyloiil()i.ot]iyi oxide, C^H**C10, tho first pi-odiict of the actiou of zinc-cthyl on 
‘ “^Jdorethyl oxido, may bo represented by either of tho formulae 

CIPCl CH*(C*H®) 

iH(C»H*)(0(?H>) AhCI(OC«H‘)’ 

nior« probably however by tlio former, wliich is in accordniico witli the transformation 
** ^^^U^pound into secondary but}’! iodide or methyl-ethyl-carbonyl iodide by tlio 

“Aioaofhydriodicacid: 

CH^Cl CIP 

I I 

cn(oc=H*) + 4iii « iici + ir-o + c*h®i + p + chi . 

otliyl oxide, C*H”0, the second Woiluct of tho action of sine* 
• '•"■■''h rellijl oxide, has tho constitntion 

II 3 
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CH*(CPH*) 

CII(C»H*)(0C»1P) 

Hiul the hexyl .ilcoliol ohtnineil by treating it with liydriodic acid and saponifying 1 }^, 
resulting i(xlide, is represented by the formula 

cn*-cn-cn“ 

IjHon 

cn=GU» 


t Imt is to say, it is ethyl- 1> u 1 y 1 ea r b i 11 o 1 . 

Trloliloretlij'l OxidOf 0‘1I’CP0, is also formed bytlic action of chlonnoonetlior. 
but it cannot bo s<?i>!U'alod in the pure slate by fractional distillation, diolilon-tlivl 
oxide being tlio most highly clilorjiiMted product that distils unchanged. The prosena- 
of the triclilorinated ether may hoM'ovcr bo proved iiidiroct ly, namely^, by the notion of 
.sodium ethylate on the residue obtairuMl in the distillation of the crude diohlorotliy! 
oxide a fb'r the temperature has risen above 1;).>°. A mixture of chlorinated jk oIhIs 
is tliUH obtained, which, when submitte<l to fractional distillation, yields inwloraldy 
pure dichloriicctal. This reaction estahlishcs the constitution of triclilorethyl oxide, 
as shown by the equation 

OUCl=.CH|^p,jji -I- NaOC«IP == NiiCl + CIICP.CH|®gj}t 

Trichloretliyl oxide Dichloracetal 


Tetracliloretliyl OxidCi OCP.Cil • This compound, pro- 

piirod by the action of phosphorus peiibaclilorido on cliloral alcoholato (Iloiiry’ji pm- 
cess, p. 313 ), 

CCl«.Cllj 2 o,H‘ + + CCP.CH , 

boils at 189 - 7 ° under the pressure of (rorliicod to 0 ®) Soy'^) mm. and has a density of 
1*4370 at 0 °, 1*4182 at 10 - 2 °, 1-3055 at 99 - 9 °. IIcatiHl with alcohol for several hoins 

in a bath of salt water, it yields the trichloracotal, CCP.CII Iqqi^s » discovered l-y 
Wurtz a. Frnpolli (p. 2 ), 


CCF. 


•CIl' 


Cl 

OC»IP 


+ 110C=H» = HCl + CCl'.OH . 


The same transformation is effected, though less sharply, by .^odiuiii ethylate, or ly .1 
very strong alcoholic solution of potash. If, however, the telraclilorinated ether Iw 
treated with a 10 p.c. solution of potassium hydrate in absolute alcohol, a 
different reaction takes place, a molecule of hydrochloric acid being nhniinated, nil' 4 
compound formed, wdiicli appears to liavo the composition CCl* — CCl—Ot- 
(Paterno a. Pisati, Grrtirjeffrt cA//rt?crt i/rtfwwrt, ii. 333). 

Tetrachlorethyl oxide is likewise formetl, together with lower chloriuat^ prortuc^ 
by till! action of chlorine on ether at 90°, If the Jiction bo not piished too wfi ^ 
liquid is obtained wJiich, when treated with sulphuric acid, yields a consuieni 0 
quantity of cliloral CCP.CHO, and therefore contains triclilorethyl oxide (Jacobson). 

Pentacbloretbyl Oxidep O'JPCPO, is the end-product of tho action of chlorine 
on cthj-l oxide in diffused daylight. It is a rather thick colourless liquid of sp- P ■ 
l-64d. Its reactions show that it .still retains one of tho ethyl-groups 
intact, and therefore that its constitution is represented by the formula . 
(OC*H*). , . is 

To extend tho chlorination to Iho second ethyl group, tho influonco 
necessary. In that case, perchlorinated ether C*C1'®0 » CCl*.CCl*.O.Ctl . 
produced (ii. 541). .„n--BriTdT 

The order in which tlic hydrogen atoms in tho first ethyl 0 G'H' 

replaced by chlorin^,A#iy be represented by tho formula 2,3,4i 
(Jacobsen, Joe, cit,) 

STBn BVWBIBW. (>1. Miiller, pr. Chem. [2], iv. 80). 
lien ted in a sealed tube for six liour.s to 150^ with sulphur in the ^ropOTw 
molecules to 1 atom of tho latter, i.s decomposed accoiiling to the 

2(C«iP):ii8 -»■ 8 » {c*ip)'-s= + n-s. 
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SrleiiiUiHi^ without action onmercaptun. JiJtliyl monos ulphidc,(C-H*)®S, is entirely 
uiiJicttid OM i>y suli)hur, atiil may, when mixed with mercuptiin, b® readily obtained 
puiv, by hcatiiifi: the mixture with sulphur, whereby the mercaptan is convertod into 
Ltlivi l^sul]>hielo and hydro|Gron sulphide. 

TCthyl (Usulph i do, (O-lPy-^iS*, heated with mlphttr, yields tho tri sulphide 
yellow oil, heavier tlian water, which cannot be distilled alone 
liiit iiirt.V ht’ obtiiiued pure by slowly distilling it in a current of steam. This compound 
jii;iy also l-'O prepared by distilling liver of sidphur and pobissiiim sulphovinate from 
SI ivtnrt, with freqvusnl, juhlition of w'ater, so long as oily «Irops pass over. The oil 
l liiisebtiiiicd is a iiiixture .of ethyl di- and tri -sulphides, and to convert it entirely into 
llu; latter, it is licatwl with sulphur in so.alod tubes for souuj hours at lo0°. The con- 
iciits of the tubes are then carefully distilled in a ciUTont of steam. 

On shaking ethyl trisulphido with mercur//, the third sulphur-atom is slowly 
ivTiioved; also on heating with copper turnings in a sealed tube to 150° for a day. 
'Wlicii the j)rodiict is suspendijd in water and carefully oxidised by fuming nitric acid, 
.in ainoimt of sulphuric acid is pjxxluced exactly equivalent to tho third sulphur-atom, 
nvo molecules of othylsulphiirous acid being foriiiod at the saino time. The abovc- 
7110111 ioikhI mixtui‘0 of di- and tyi-sulphidcs may therefore bo employed with advantiige 
I'ji-lho preparation of othylsiilpliuroiis aciil, C-'U^SO^.OH. Aqueous ‘potash^ shaken for 
.1 Iniig time with eth3’l trisulphide, roinovos the third sulphur-atom ; alcoholic potasli 
snins to net dilferentl}'. Tho trisulphido heated with potassium cyanide yields 
por.is.siuni siilphocyanato and ethyl disulphide. AJany metallic salts removo tlie third 
MilpliiiL' atom, with simultaneous formation of metallic sulphide. Silver oxide forms 
.-ilvur sulphide and eth^dsulphuroiis acid ; silver acetate mtla similarly, acetic acid being 
M‘t. free. 

C — CII-CK® 

STBYZi«ACSTY&Bari:. CM1I« III , SCO CROTONYnKNi'. 

C— H 


ETBYXiAlMEXlVliSa Tho volatile by-products rich in etlij’l chloride, obtained in 
lln! ninnufactiire of chloral, have been applied by A. W, linfiiiann {Ihut, Chem, Gcs. 
Jjtr. 1870, 109 and 776) to tho jinipiiration of ethyl-bases on tho largo scale. These 
]'ro«hu-ts jiro heated to 100° for an hour in a wrought-iron digester with three times 
ilii ir vehiino of 95 p.c. alcohol previously ssituratod ivith ammonia at 0°; tho liquid 
is filtored iroiii the separated sjil-ammoiiinc ; the alcoJiol distilled off; and the residue 
( \apor;i(o(I to djyjiess. 'Phis residue, which conbiins tho hy'drochloridos of tho threo 
rlliyl-hiisGs, i.s decomposed by a concontratod solution of caustic soda, and tho Ixiscs 
wliiuli s{‘]):irii.to arc removed and separated from one another by treatment with oxalic 
<;tlKT (ii. 551). With reference to thi.s method of separation, Hofmann observes 
tliMt^llio tliethyloxamide and cthylic dioth3’loxaniato must bo separated by filtration 
<it 9°, and iicjt by treatment with hot water, .since cthylic diothyloxamate is resolved 
by boiling with water ijito alcohol and dietliyloxamic acid. Tho chief product of the 
act ion ol ammonia on ctliyl chloride is die thy] ami no. 

Tetrethjlammoniuni hroviide, (C*ll*)^NBr, imitcs very oa.sily with bromine, forming 
pDiyln-oinidcs, among which tho tril^roinide is tho most sttible. AVheii an aqueous 
•>nliitioii ot tetretli3dammoDium bromide is mixed with bromiiie-w'ater, a light red-preci- 
I'lbite oftho tr i brom idc is immodiat.cly formed, which, on furtlier addition of bromine, 
■u'lis enmson-red and is coin’orted into tho pent^ibromide. Tho lattt>r, however, 
tI ipvos off 1 mol. bromine, and is reconvertwl into the triViromidc. 

^ IP sairm rojiult is obtained when alcohol or chloroform is used as the solvent, tho 
^*^*^*^8 which separutos quickly losing bromine, and yielding the tri- 

(C^IP)^NB^^ crystallises from alcohol in beautiful 
silinli'd needles which melt at 78®. It dissolves easily in alcohol and carbon 

inti ' only in certain proportions, an excess of chloroform flouting 

^0“ '^^tliout becoming coloured. On mixing a saturated alcoholic solution 
iinJ t!i. 1 1 alcoholic solution of iodine, small crystals, resembling iodine, 

troaiicT^*^ n *^*^*^®i**^^"® tri- iodide, separate at first, together with the tri- 

of tliP a solution of iodine in potassium iodide to the alcoholic solution 

precipitate is formed consisting of the tri-iodide (C“H*)*NP, 

WMn«iw,rt, j; yr. i. 429). 

be C'-'H^ONa. Tho constitution of this compound may 

n>prMcntcd by Uiroe different formul®, viz : ^ f 

CH« 

I 

CIP 

I 

0\a 


CIPNa 

CH» 

1 

1 

CH2 

1 

CHNa 

1 

OH 

OH 
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If the first formulii ho tlio true' one, Hio action of ethyl iodide on sodium ethylai 
ought to yield ethyl oxide, 0-11* — O — C'-H*; if the second is correct, normal biivi;” 
nicohol, CfPCir-'CH*— CH-'OH, should he obtuiiiod ; iind finally, if the third formnl i 
oorroctly expresses the constitution of sodium ethylate, the action of ethyl iodide on 
should give secondary butylic alcohol, CH*— CH(C''‘H*) — OH. 

Now the jictioii of ethyl iodido on sodium ethylate is well known to yield etliyl 
oxide, and according to Luibenheimer (Ann. Ch. Vltarm. clxiv. 280), it yields nothiiiiy 
else, excepting a small quantity of ethylene, probably arising from a secondary reacliou 
iicTording to the equation, 

C=H^ONa + 0-H^I « Nal + C-H^ + C^ffOJI. 


Tliis action is niialogoiis to the decomposition of ethyl iodide by sodium hydrato.anci 
to the formation of butylene by the action of alcoholic potash on butyl iodido. 

From these results linubenhoiincr (;oiiclude.s that the true formula of sodium cthylato 
is C“H*ONa, and not C®n*Na.OIT, as proposed by Wanklyn (1st Suppl. 244, 1028). 

Reactions of Sodium FJhylaic with C/ilorides.—GoiiXhi'v a. Brockhoff (JenaiifehB 
Zeitschrift, vii. 3r»9). 

1. Witli phosphorus ijontacjiloride. Whon 4 mol. sodium ethylate are noted 
on by 1 mol. PCI*, the products obtained are tri«dliylic pliospliaiu, etliyl chloride, and 
sodium clilorido, together with a little alcohol, the react ion probably takingplaceiu two 
stages, thus : 

(1.) PCP + Cr-'IPONa - POCP + OTPCl + NaCl 

(2.) POCP + 3C-’EH:)Na - ^(OC-IP)* + 3NaGl. 

2. With porch lore thy 1 Clio CH'IV -The action of sodium ethylate on perchlor- 

eth^done has been .studied l>y Fischer and Ctaither, wiio found that, besides sudiant 
chloride, sodium etliylglyoxalate, and ethyl dichloracetato, there wore also prodncld 
two substances having t!ie composition C^IPCPO and Those subshincci 

liavo since boon proved to be trichlorethoxyl-ethylerio and triothylic dichlorai:ct!it'.\ 
(jcuther a. JlrockliofF consider that triddorethoxy] -ethylene is the primary product of 
the reaction, and that it is derived from jHirdiJorethylcne by the replacement of one 
iituni of chlorine by one atom of etlioxyl: - 

cc'P rci* 

II -I- (r*)PON<( = 11 + NiiCl. 

CCP COl(OC-JP) 

The triothylic dichloracetato may bo derived from the above compound as followf, 
tlio sodium ethylate originally employed having contiiincd alcohol: 



CCP 

ccr- 

(I) 

II . 

-h C-lPONa = II 

CCl(OCEP) 

C(OCEP)= 


CCl-* 

CHCl- 

(2.) 

II 

+ - II 

C(OOEP)- 

C(OCEP)» 


+ NaCl. 


The ethyl dichlor.aeetato may arise from the action of water on tribasic ethyl diclilor- 
acetate, the water being jiartly hygroscopic and partly derived frcim secondary reac- 
tions : 

CHCP ClICl* 

I + IFO = I + 2CWOH. 

C(OC-'Ti;')’ CO{OC=JI") 

The action of sodium ethylate on this ether gives rise to ethyl 
this com^und being subsequently decomposed by sodium liydrate into alcohol 
sodium diethyl-glyoxalat«} : 

(1.) I + 2C-IPONa « I -*• 2NaCl. 

CO(OC*Hs) CO(OC*H0 

CII(OC2H*)= CH(OC»H»)- . 

(2.) I + Na = I + C^IPOtt 

co(oc=ff) cooNii. 

The above-mentioned intermediate ronctious wore confirmed by expetimento ihV « 
the action of the sodium ethylate was to sumo extent limited. .. 

The action of sodium ethylate free from alcohol on porchlorethylono gave^n . ^ 

products eiiumorated above, but in smaller quantities, also to a go® burning 
blue fiamo, and some brown products. . 

3. With perchloro thane C®CP. — ^When an ethereal solutios of ] 
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lieatod to 10C°-110® witli sodium ethylate, an energetic action took place, ethane 
Itcinff evolved us a gas burning with a non-luminous flame. On distilling the products 
of Llio reaction, perchlorethyluuo was found in tho distillate, accompanied, us might be 
expected, by those substances whieli arc formcjd by tho action of sodium ethylate on it. 
boiiiles Kodiiun chloride and resinous substances, the residue contained scxlium eth^d- 
irivoxiiliito and sodium acetate. Tlio latter appears to bn formed by the action of 
diinrinc on sodium ethylate, the chlorine being yielded by the perchlorothane : 

3C'-H*ONa + Cl= = 0=H»NaO- + C-H« + C-Jf-O -i- 2NaCI. 

I. With triclilor ethylene chloride — 'J'heso substtinces act readily 

on one another, perchlorotlij’lcnc being produced. iSimilarrcsnlts were obtained wJion tlio 
tL’ii hlorctJiylene chloride was dissolved in ctlicr and thon treated with sodium ethylate. 

it. AVitli dichloro thylono chloride. — Tliis chloride was digested for sorno time 
wH.Ii siifficienr, alcoholic sodium ethylate to replace all the chlorine by ethoxyl. The 
pnniuct was then distilled, and by the addition of water to the distillate, au oil was 
Iilii:iiiied which had the coinpositioii of dichloroth oxyl -ethyl on e, (T-I1C1®(0C''H''). 
Tins subsliiiico is a colourless liquid having a peculiar aromatic odour. Jt boils at 
128-2 (corr.), and has a specific gravity oM *08 at 10°. Moisture acts slowly on it, 
livflroolihu'ic acid and ethyl chloride being formed. Htatcd in a sealed tube to 180° 
witli excess of water, it is entirely decomposed, with formation of glycollic acid, hydro- 
chloric aciil, and ttliyl chloride : 

circi CH^OIT 

II + 2H‘0 - I HCl + CTPCl. 

UCl(OC-lP) COOH 


.llxcoss of alcoholic sodium etliylate converts dichloretlioxyl-othylono into the sodium 
s:ilt (»f clhyl-glycollic acid, etliyl monochloracctate being probably formed as an inter- 
iiicili.-ilo product. A small ([Uantity of tho latter was apparently form ed during the 
rtf sodium etbybito on dicliloretliylone chloride, and it may be also formed, 
t i^rilicr with oiliyl chloride, by tlie action of sodium othylute on excess of diehlor- 
(.Ihoxy I -ethylene. 

fi. With monocblorotliy 1 enc chloride C-ITOl.Cl®.— When this chlQ|ido is 
ti'.iiled M'ii.Ii excess of sodium ethylate, an action takes place, resulting in tho fbrma- 
■ I'iii of (liclilon.thylenc nii<l a small quantity of sotlium acetate. 

7. With perch loroiTi ethane (T-Cll — One molcciilo of this compound was diluted 
with two volumes of ether and trcniod with 4 molecules of sodium ethylate, tho wholo 
then digcslod for about 4 liuurs under a slightly increased pressure. After tlio 
reliction, during which no gas -was evolved, liad tonniiiatcd, the product was distilled, 
iiri<lllie ilistillato was found not to contain any portion boiling above 76°. Tho rosklui) 
ill Lh(j retort contained a brown substance insoluble iu water, which, after w.Tsliing with 
liplrochloric, acid, coiit;iincd G3'G p.e. of carbon, and 72 p.c. of liydrogen. This sub- 
sliuico centiiiued no chlorine and yieldotl no ash. 

The iilkaliiio liquor obbiincd by heating tho residue with water yielded, when treated 
witli hydi-ochloric acid, a brown resinous precipitate, soluble in alkalis and alcohol. 
If rontainod GO'8 p.c. (X, and 6-2 p.c. II. The alkaline liquor also contained traces of 
iMpljoiiic acid and oxalic acid. 

On tho reaction of sodiiun etliylato with aectamidct soo page 3 


BTBTXiCYAWOPBOSPHXllB. 8co CvANBTUYr.-PUOSPHiDR (p. 406 ). 

ETBYB-SZikCBTZC ACZB, (Geuther, Jcnaische Zeituchriftt vi. 660, 

'•7n ; .7. pr. Chenu [2], iv. 431, 460). In preparing the sodium salt of this acid by the 
•u tiou of sodium on et.hyl-ncetato SuppJ,(j0\)^ Gcuthor recommends the use of a 
^.ugo excess of the acetic ether, so tliat all the sodium may dissolve without any great 
Tisii ot toinpomture, w'liich would cause tho formation of resinous products, dehydracetic 
using 4 pounds of etliyl acetate to 60 grains of sodium, bo obtained 166 
b ‘un-s of ethyl-diacetic acid corresponding veiy nearly witli tlie theoretical amount. 

— ^When tho pentachlorido (33 parts) is gradually 
fon**' acid (10 parts) it dissolves without much evolution of heat, 

brown liquid ; at tho same time large quantities of hydrogen chloride 
I’liDB k chloride are evolved, but no acetyl chloride. Tho product, which consists of 
Uoii S the chlorides of several acids, cannot bo separated by frac- 

I'opat./ . • niust therefore bo gradually added to water kept at a low tem- 

m-fip ii7r *!1 readily dissolves. On distilling tho aqueous solution, there passes 

hciiiul wr ' 1 vapour of water, an oil whidi does not solidify; then a milky 

•nilkv crystals on cooling, after which tho disf illato bwomes clear. Tho 

j ^iiic! contains the luonochlorinated derivative of liquid crotonic acid ; called by 
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QeiitheisquarLcnylie aoiil; tho roMiluo in tlio retort contnijis the coprespomliTio 
derivative of solid orotoiiic arid (lieuthor's tetraerylic acid: 1st Suppl. 51 ij. 

Uiu neutral oil is a mixture of the cthylic ethers of these two clilorinatcd acids. ’ ' 

Henro it appears tliat the action of phosphorus pentacliloride on ethyl -diacotic acid 
gives rise to tliH chlorides of tho two modifications of monochlorocrotonyl, C^IPCKI 
^ud tho ethers of tho corresponding acids, together with ethyl chloride, hydrocrtij 
cliloiide, and phosphorus oxychloride ; according to tho equations : ” 

(;«IHoos + 2PCP = C»H^C10.Cl + Cr-H»Cl + IICI + 2POCl“. 

C«ll"'0=* + rci» = G'H^CIO.C-H- + IlCl + POCl*. 

Action of Ammonia on Ethylic Ethyl-diaceiate. The action of concentrated ammonin 
on this other at ordinary l^enipcratiircs gives rise to tw'o compounds, a soluble amide 
which is tho aniirlo of ethyl-diacctic acitl, C*H"0 '.NH®, and an in«ohiljl« 
amide, OTI'^XO-, which might bo regarded oitber as the amiilo of diethyl-diaceticaeid 
or as tho otliylamido of olhyl-diacctic aciil C*Jl®0-.NH(C*n*). 

Tho insoluble amide is decomposed by moisture, and more quickly by acids, .'im- 
monia lieing libcr.'ited and tho crystals being converted into an oily liquid which is 
nearly pure ethylic ethyl -diacotate, whence it may be inferred that tho insoJublo amide 
is tho ethyl amide of ethyl-diacotic acid : 

C«lPO-.NIf(C=H") + H^O + JICl = NU^Cl + C"IPO='.OC-’II». 

WhoJi the insoluble amide l.s heated w'ilh water to 100° in a scaled tube for fievcral 
days, and the contents, after ucidulatioii with sulj)}iiiric acid, aro distilled, an oily 
liquid passes oA’er bel.wtjoii and 208°, consisting of methyl-propyl ketone (ethyl- 
' mvtoiie) C*1£'®0, together with a. little alcohol, and afterwards betw'con 200^* Htul 
215°, the ethylic ether of ditithyl-diacetic acid, Tho residue from tho fir^t 

distillation contains tlio soliiTdo amide of cthyldiacotic acid C“II"NO'. Tho insoliihlu 
amide is tlioreforo resolved into tho soluble amide and alcohol : 

CTI»N02 + IPO C-IPO + C“H'*XO-’; 
and tho soluble amide is fiirtJior resolved into metliyl-propyl ketone, ctu’bon dio.\iil«', 
and ammonia : 

C«H"xXO- + Jl’O - + CO^ + NH®. 

Ethylic diothyl-diacetitc is more easily obtained by heating ethylic cthyl- 

cliacctate w’ith four or five times its volume of strong nijueous ammonia for sovonil 
ilnys to 120°-.! 30®. Tho resulting oil, after being carefully dried, yields by fractioiiiil 
distillation, methyl-propyl kotoiio boiling at about 100®, unaltered ethylic otliyl* 
diacetute boiling between 190° and 200°. and ethylic diethyl-diacetato boiliugbctwocii 
200° and 215°. 

From these results it would appear that in tho decomposition of ethylic ethyl- 
diacetate l)y ammonia at a Jiigh temperature, anil also that of tho insoluble ethylarauk’ 
of ethyldiucotic acid by water, tho soluble amide of clhyldiacetic acid is obtained 
together witli a small quuntity of cthylic otliyl-dincctfite, as represented by tho follow- 
ing equations : 

2C»H»0» -I- NTP = -f- C“II"NO* + IPO 

2C"H>"No= + n-0 = + c"ii"no* + nip. 

BTBTXiBirB. Oxidation. — According to E. Ludwig (Aim. Ck, PAam. clxii. 
othyleno heatocl with concentrated solution of chromic acid in sealed tubes is completely 
oxidised to ciirbonic atnd and water ; but at ordinary temperatures, iiitennodiato pro- 
ducts, viz. formic acid and pcrliap.s also acetic acid, are likewise produced. Berthelot, 
on the other hand, found that othylone, heated witli concontratod diromic acid, in sealed 
tubes, was oxidised to aldehyde (1st Suppl. 602). ^ 

Ethylene is not hikon up by sulphuric acid at ordinary temperatures, but at 100 , 
and, still better, between 160° and 175°, tho gas is rapidly absorbed, and by subse- 
quently diluting and distilling tho acid liquid, a consiilerablo quantitv of alcohol may 
be produced. Elevation of tomperaturo, then, being necessary to the absorption 0 
etbyleno by sulphuric acid, it appears not improbable that, in Borthelot’s wolbknowi 
experiment, tho violent and continued shaking servos not only to bring the g»* 
intimate contact with tho acid, but to develop tho heat necessary. . , 

Contact of ethylene with sulphuric acid at the temperatures above mentioi^t ® 
not give rise to condensation of the hydrocarbon. Neither does a still ftarther 
of temperature, or the employment of fuming sulphuric acid or of -fluoride ^ 
produce signs of polymerisation. This rcimipkablo stability in circumstanws ,un 
which its higher homologues are easily .nffocted, indicates that the constitution 
ethylene is symmetrical, and not analogous to that of propylene, isobutylenOi 
(G^oinow a. ButleroWf vfm CA. clxix. -196). ' 
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Bibyleae Bromldef C®H*Br®. Curius (ibid.) by healing tJiis compound with 
v.iterlo l;)0®-lfi0® obtained liydrobromic acid and aldehyde; Kriwnxin (Zcitschr. /. 
L'hem. vii. 203) oblained no ahlohydo anti only a doubtful trace of a condensed 

■ilililiytio. 

J)ccornpositionhy the Coppcr-sinc CWifp/c.— TIio drj* couple has but littlo action on 
ethylene bromide, oven at its boiling-point, the prinlucts being ethylene and zinc 
IjLomidt?. In presence of water, however, the bromide is easily decomposed at orfliiiary 
tt niijcratures- zinc alone acts but slowly, Iho I'cactiou in both cases being the same as 
with tlio dry couidc : 

0=Jl'J3r= + Zn = ZnBr- + 


In presence of alcohol, the couple acts with great violence, the products being still 
the same. With iiiUMjated zinc-foil in presence of alcohol, no action tukos place for 
l]iill-aii-liour, but it then proceeds rapidly and is terminated in alujut twenty minut«'s. 
Tlic nature of the reaction being the same wlielhcr the conplo is used in the dry state 
or iiioistoiicd witJi water or alcohol, it appeared i>roba.blo that the sluggishness of tin; 
Mi'tioii in lli(! lirst cfiso might bo due to the insolubility of the zinc broiriido in etliydeiio 
liromido. Hut when the ethylene bromide wsis diluted with twice its bulk of etJiev, the 
jii tion was found to bo mucltmore sluggish than with water or alcoliol: hence it ap- 
poars that the nature of the solvent exerts some iiifhuMice on the ri'jiclioii (Gladstone 
u. Triljc, Chem. Soc. J. [2], xii.) 

liroynethi/lene. (J-II-'JJr. — The reactions of tJiis compound wit.li haloid acids have 
lin a oxaiMiiieJ by Jleboul (Ami. Ch. Pharm. civ. 21), 212). When aqueous hi/dro- 
bromir m'id salurated at -i- 6-^ acts uiion immobromctliylene boiling at +18® (3 to 
■I vais. of the InrauTto 1 vol. of the latter), etliyleno bromide, CWHr®, i.s fonned 
i-Iowh' in llie cold, more quickly at 100°; but if the acid bo diluted with ^ vol. watt>r 
(ilsi.lca.sity then being no® Hni.), combination takes place but slowly even at 100®, and 
rlic jjroduct is not ethylene bromide, but bromethyleuo hydrobromide 
t'dr'JJr.lIllr, iilentic'il with the broinctiiyl bromide formed by the action of bromine on 
clliyl bromide (l.v^ Siqipl. o91). 

Jfydrohi'omio add saturated at + fi® docs not act on this latter compound oven at 

100 ®. 


ilitdr iodic acid actfi on bromotliylcne in the sameway ashydrobroniicnciil, excepting 
tliiiL the formation of isomeric coinpouncls by it is deterniinoil, not by didcronce of 
concentration, but by diireronce of tom jicra lure. 

Hydriodic add saturated at +4® conibiiies somcwliat rapidly witli inonobroni- 
crjiyhiuc, the Iriin.d'orinatioii being nearly complete in 6 or 7 day’s: the product cousists 
ot monobromethyleno liydriodide which boils at 141®-M2° under 

a pmssuro of 7.10 nim. and lias a specific gravity of 2'o at 1®. AVhen treated with 
iiu'oholic ])otusli or sodium ethylate, it gives up hy'driodic acid and yields bromethylene. 
niiou hyilriuclic acid acts on bromethylene at 100° combination takes place quickly’, 
tlio prudiicts being the hydriodido just montioniKl, and the isomeric compounds 
»thyleii(. iodobromidc C-llMlrl, wdiicli maybe se|mrated by fractional distillation, 
buiyloiie iodobromide boils, with pirtial decomposition, at 160° and has a specific 
giavity of 2‘70 at 1®. If the hydriodic acid bo diluted with J vol. w’filer, it acts ut 100® 
ni the same mauiier thougJi more slowly. 



HO *^^)apound bujio ni. oi —OA U.UU iiibs ij. specino gravity oi l oi ai. 

iiumobrom ethylate withdraws tlio hydrochloric acid, leaving 

acts on bromethylene (also on iodcthylene) at oi*dinary tempera- 
t-ikiVn when shaded from sunlight; the products are tlio same as wIiMi tlie action 
liiid ^ a higher temperature, being acetylene, sodium bromide, methyl alcohol, 
•xjutlv 1 alcohol, ns it gives rise to an odour 

s-inni ichronlat acrolein when treated with dilute sulphuric acid and potas- 

cyanide (prepared by saturating alcoholic potash wiGi gaseous 
aftpp ^jcid) and silver cyanide have practically no action on bromethylene, even 
Wile, 140®-150®. 

nfter sew^r is kept in a sealed tube in the dark, no change ensues, oven 

isomeric exposed to direct sunlight, it becomes changed into an 

pliide jy ’ ®°”-pJ*ystallino, porcolain-liko, elastic substance; this change t.^kcR 

c rapidly with moist bromide than with the perfectly dry’ substanco; the 
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prcBcuco of a small quantity of akohol iioithar acccloratos nor I'etarils the clinuffp 
This solid substiiiico has tlic sp. gr. 2'70d, whorcas the liquid bromido has the sp. 
ro2 (Kognault). It licgins to dceorii])oso at 125°-130®, and is but littlo acted on l,v 
boiling alcoholic potasli ; t.wolvo liouus heating to 180°-200®, with this reagent, lunv^ 
ever, forms a broAvn-bJack substance, iiisolublo in nil menstrua, all bromine btin-n 
removed from it without any evulul ion of gas. Kulphuric acid enrbonisos llio substsin. u 
on being heated with it; boiling nitric acid has but littlo action ou it; bromine ilii,. 
solves it, forming a loose compound, M'hich splits up into bromine and the origin.il 
substance on tivutnieiit AvitJi water, alcohol, or alkalis (10. Tiauinann, Aim. 
cl.\iii. 308). 

• DihromcthylciiR C-IL^Hr-, — In the preparation of this compound by digostiiig 
bromethyleno bromide, C‘-Il=*Jh’.ljr', with alcoholic potash (ii. 670) the formation ef 
ncetyleno and bromacetyleiie may ho coiriplijUdy prevented by keopiiig the licpiid cool, 
adding the potiish to the bromide by drop.s, and not using more of it than is neeossnrv 
to keep the mixture permanently alkaline. The resulting ilibromethylono is sepumttd 
by Avator, nntl then distilled on the w'ater-bath, AH'horoupon it distils almost wholly 
at 76". Dihnmietliyleno heated Avith alcoholic potiish in an open A^'cssel yields largo 
quantities of broinacotyleiio, C‘Hl»r ; but Avlieii it is heated Asritli n largo excess of 
alcoholic potash in a digestion tube, the product consists only of acetylene (Fontaints 
Cvtuiii. Tend. Ixx. 13G1). 

^ Btbylene Cbloridet C“11^0r", is not nttiickcd by common sulphuric ncid, either at 
ordimiry temperatnros or at 100", but at 130" complete decompositio a takes place 
attended Avitli sepiiration of carbon (Oppenheim, Dent. Chem. Ges, Ikr. ii. III). 

Eiht/lenc Chloride obtained in large quantity, together with .some of its chlori- 
nated derivatiA’es, from the l)y-products of the manufacture of chloral. At Schoring’ti 
factory in IWliri the.so by-products are collected by causing the vajuairs Avhich issue 
from the alcohol retort, together with hydrochloric .acid and exce.«is of chlorine, to p iss 
first through w.-ilor, then through a series of condensers. The criulo liquid thus 
oljtainod has liccii examined by Kriinua* (J)vnt. Clwm. Gcs. Bar. iii. 257). -‘‘Ifba :i 
preliminary distillation to separate the ethyl chloride present, the ru.siduo (about It 
kilo.s) was submitted to fr.ictional distilhition, and tbo separate frnctions wero 
exam ineii, either by further fractionation, or by first treating them Avith alcoholii' 
l?ot!isli (which acts*c.specially, with separation of potassium chloride, on the higher 
boiling i)ortion.s), and again separating them by distillation. In this ntauner the 
following com].)ounds wore isolated : — 

1. liihyiidane ChlorkU^ ClP.OTICr-, was obtained in pounds, as a liquid boiling at 60® 
(according to Kognault it boils at €4") not decomposed by cold alcoholic potash. 
Vapour-deiisitA', ob.s. = 49-54 ; calc. 49-5. 

2. ICthylene-ckloride, CH-Cl.ClPCl, w-as obtained in considorablo quantity. Boiling 
point 85", A^apour-density, obs. — 49-9, and 50-3. 

3. Monochlorcthylcne Chloride^ C^H^Cl.Cl*, Ixiiling at 115°. Vapour-donsity 66-6 
and C8-1 (calc. 6f»-75). Easily resolved by alcoholic potash in the cold into potassium 
cJilorido and tho follownDg compounds ; 

4. Dichlorethylene, C-ll-Cl". — This compound after purificat ion boiled at 35° (Rcg- 

naiilt ^ves 36-'-40°) and exhibited tho characteristic ])roporty of changing, after ^ 
while, into a solid polymeric modification. On account of this tninsformation, tho 
vapour-density camo out somewhat higher tliaii the calcuhited A'aluo : 40*35 instead 
of 48-5. , 

Kognault’s chlorinated ethyl chloride, C'-'II^Cl*, and the final product C*Cl*,wero not 
found in tlio liquid examined by Kriiiner. ^ 

Monochlorethylenc is changed by the action of sunshine into an isomeride siiuilor 
in appearance and properties In the solid modification of bromethyleno. Its sp. gj"* 
I'lOfi. It hears a heat of 130° Avithuut decomposition, hut melts to a brown hlac 
mass at a higher temperature. It is not dissolved by bromine. Dichlorothywn® i 
also changed by light into a solid isomeride which has been described by * 

Sttayleiie Oyanlae, C=n'.C'N’ or CIPCN.CH'CN, appeals to bo formed in 'll* 
electrolysis of cyanacetic ncid (p. 10). 

Stliylene Zoaide» C'lI'P. 'Whoii this compound is huatud ^ *** 

tubes for 6 or 6 hours Avitli acetyl ide of copper suspended in ether, and the etn ^ 
CA’iiporiited, an iodised compound is obtained, crysballising in broad 
grouped prisni.s and, after rccryHtalli.sution from alcohol, in palo yellow gb» ^ 
prisms. It has an intensely nlliaccous odour, quite different firom that of 
is not acted on by a mixtiiru of strong nitric and sulphuric adds in th© cola, . 

sgIa'os in hot sulphuric acid, forming a colourless liquid. Its composition W ^7: 
been determined (CarsUnjen a. Schortel, J. itr, Ckem, [2], ir. 47)» 
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lodefln/tane, is formed, thoiigli only in sniiill qiifiiilify, Ijy iho action of 

ftliiiholic potjisli on cthylono iodide; it is not prodiicoJ by tliat of potassium iodnlo on 
l.ronu'Lhyleno. Sunlight decomposes it, liberating iodiim, wliieh pj-obably prevents the 
iwnuTiiJ transformation of the unaltered iodctliylcno (liauiriiinu). 

lodohrnmethylenes, C-H-IBr. Beboni, by treating broinotbylono with hydriodic 
fieiil, obbiinfd two piNxliiel»s liaving this composition, one boiling at 142°, the (jther at 
102°; and Jjagermark (Deut. Chem, Ges. JBer. vi. 121 1), by passing etbylone tlirongli 
ii mixture of bromine and ioilino in equivalent proportioii.s has obtaiiuxl athml isom'c- 
yivli; lUflling at and boiling, with partial decomposition, at lfiO°. Mixed with an 

•dioliolic solulion of sodium acetate it yields iodctliyl acetate, 0. A fourth 

iriuiaerldu appears to Ijc produced by tlic action of hydrobTOinic acid on ioflethylerio. 


Sulpbetbers of Etbylene (Ewerlef, Deiif. C^rm. Ges. Ber, iv. 716). Tho follow- 
ing bodies hfivo been obtained by the action of othyleno bromiilo on sodium mcrcap- 
tidc : — 

(SCH-'* 

hTiillhic-sidjihomdhylf 0-JP boiling at 181)°; proljaidy co:i verted by fum- 


ing nitric acid into inetliyletbylene-.snlpliiii nitrate. 

C-lP IgQajJs* boiling at 2l0°~21o°; oxidised ly nitric acid to 


^ forms glistening, crystallino scalc.^, molting at 170°. 

y.ihikm.’ml]^hamyl^Qi-\\> i boiling at 245°-256°, furmoil in like nmiiner, 


iii fonverted by oxidation into 




SOC^II” 

SOCTl" 


, which is obtained in thin plates melt- 


ing at b)®-] 50°. 

t.SC'dP 

ydnfliiifl-sHlp/iopheni/l, C’H^ (‘^C^IP’ needles, iiisoliiblD in wattr, melting at 


By oxidation with chromic acid, it yields the eompouiul C-ll* 

Jly llio action of bromine the compound C-JP is p]*obably formed. 


BTBTUinB BABBS. Tho by-produels of tlic manufacture of chloral coutiin, 
ns ali’iiuly observed, large quantities of tho dichloridcs of ethylene and ethyliderie. 
Now tlio latter compound is not attacked by alcoholic ammonJ;i under 160°, and con- 
sofpuiritly tlio inixlui’c of the higher boiling chlorides furnishes an excellent material 
tx tlio prepiration of the ethylene bases. On heating the fraction boiling between 
and 100° for eight or ten hours to 110° witli excess of alcoholic aronioTiia, the 
cdiykno chloride is decoinjtosod ; and on filtering to remove sal-ammoniac, distilling 
and crystallising tho re.si(luo from water, a lai^o quantity of ethylono-diamino 
kydruchlorido is ubtaiiied. crystallising in largo shining necfJlcs. Tlie motlior- 
li'piops, (listillod witli caustic soda, first yield ethylciie-diainine, and the latter fractions 
L'ontaiii tlio higher diamines aiul triamines (Hofmann, Dettt. Chem. Ges. Bar, iv. 666). 

tBtykne-diamine Sufphatc crystdliscs in tho quadiiiLic. system, but iicvertlieless 
f xliibits the property of circular polarisation, a property not hitliorto observed in any 
fduT Ixhly belonging to that system, oxcopt sulphato of stiychnine. The circular 
pufirisation of tho ethyleno-iliumino salt is about ihree-fourths that of quart/. Tho 
f'^stuls oxiiiiiined were partly doxtro, partly laevogymto, but no liemihedral or homi- 
^vmmeiric forms wore obsorvod in thoiii (V. v. Lang, Chem. Ceiiir. 1872, 178). 

^‘^itylme-dmaine Stilphocifanate. — Ethylone-diamino Iiydrochlorido and silver siil- 
pl'ocyanato have no action on one another, but cthyierio-diamine sulphocyanate 
bo readily propared by saturating ethylene-diamino with sulphocyanic acid. It 
p’stallisGs in biige Iransparoiit prisms, which soon become opaque. It is insoluble 
11 ctluT, yory soluble in alcohol, and still more so in water. Even bolow its melting 
suTi’ splits up into ammonium sulphocyanato and ethylene 

Psofarbamide, no sulphocnrbiraido being formed. This decomposition is quite 
to^ltat whW^ aniline sulphocyanato undergoes when heated (Hofmann, Ann, 

— A mixture of ethylene bromide and alcoholic ammonia 
several months, deposits considerable quantities of a white substance 
together with ammonium bromide, an amorphous substnneo nearly in- 
'•f Bpv ! '^'^tcr, alcohol, and ether. This iKxly .appears, from analysis of tho products 

last' n 1 P®P‘'^^''^tions, to consist of tlio liydrobTOinides of one and the same ethylons 
' 'P'ounbly belonging to tlio highest order of polyamines. The simplest atomic. 
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relations may bo expressed by tin; fonniilai (C'fTl*)*HNMIBr; .(C-H*)*HN*.2HBr and 
(C‘‘li^)^HN*.3lTBr, which represent the liydrobromidcs of totrethylone-triamiuo/ Bv 
prolonged boiling with ammonia the hydrobromic acid is romovod and tho correspond^ 
ing hydroxides, reseinbling tho hydrobromidca in being amorphous and uncrMnl! 
lisablo, woro produced (Hofiiuinn, DetiU Oiem, Gea. Her. iii. 141). ^ ' 


tirxa BZAMZBISB, A mixtiiro of benzoyl clilorido and ctliylone- 
diiimiuo, after it has become cool, solidifies toaciystalliiie mixture of othylene-diumino 

'I 


hydi-ochlorido and ethyleno-dibonzoyl-diamide, C’W^N-O^ = (CTl*0)*l \s 

H*J ‘ ’ 

which crystallises in needles slightly soluble in alcohol, but insoluble in water 

_ (C=H0") 

Kthyleiie-diformyl-dianiido, (CIFO)® • 

K-j 

chloroform, by the action of chloral on ethylono-diamine : 


N», is formed, with elimination of 


2(CCl».CTTO) + (0*H^)"H‘N2 = 2CIIGP + (C'-IP)"(CHO)=H-N'-\ 

It is a transparent syrnp, easily decomposed into ethylene-diamine and formic .ncicl ]jy 
the action of alkalis or acids. In a similar manner ethyl -formamido, boiling at 
199°, may be obtained from chlorine and cthylamine. 

A mixture of ethyl oxalate and a strong alcoholic sohit.IoTi of ethylono-diamine be- 
comes almost solid, from deposition of ethylono-oxamide, (C'“ll^y'(C"0-)'ir-N-, an 
amorphous substanec nearly insoluble in alcohol and in water. Tho mother-liquors yii-lil, 

on evaporation, cthylic cthylone-oxamato, 

which crystallises in white scales very soluble in alcohol and water (Hofmann, Dcul 
Che Hi. Ges. Her. v, 240). 


STBnBSril-OXi'rCOZi BZVZTRZir. Son Nimixs. 


BTBYZiBZrB-ZRZBZUlIC COMBOUBBS. .Sec InmiUBf. 
BTBTZiBNB-ZBOir BBOMZBB. See Iron. 


BTBTZiBirZS-BZiATZinrM COMBOmrBS. See Platinum. 
BVBYZiBBB-PBOTOCATEGBBZC AOZBi See Frotocatkchuic Acid. 


BTBYXZSBB-SUBPBOCABBAMZBB or BTBTBBBB-BUBPHUMAi 

(cnvY) 

C*H*X-S “ (CST - N*. An alcoholic solution of cthylene-diamiuo mixed with 

H*J 

carbon bisulphide deposits in a short time a wliito and nesirly amorphous compouinl. 
having the composition C^IPN^S® = (C*H*)IPN'‘*.CS*. This compound is almost in- 
soluble in alcohol and ether, but dissolves in warm "water with piirtial decomposition, 
and, provided the solution has not been boiled, is again deposited, on cooling, in pris- 
matic crystals. , It does not jdeld ethylono-diamine when treated with alkalis, and is 
therefore not the ethylonc-sulphocarbonate of ethylone-diamino. On boiling it with 
water, hydrogen sulphide is given off, and ethylene- sulphocarbamide is formed: 
C^IPN^S* = C>H«N*S + This amide is soluble in water, and separates from 

its aqueous solution in prismatic cry’stals having an extremely bitter taste. It m only 
slightly soluble in ether, but dissolves readily in alcohol. It melts at 194°, and is 
decomposed at a higher temperature. It is also forineal by the action of dilute acids 
on solutions of metallic sjilts. A mercuiy-compound, 20*H"N*S.3lIgCl®, and a bri^t 
yellow amorphous platinum-comiiouiKl. 2C*H“N*S.PtCP, have been prepared. On 
heating tho urea W'itli strong sulphuric acid, diluting with water, and adding platinuin- 
chloride, a second salt is obtained, crystallising in long noodles, 2 (C*H*N*S.HCl).Ptti . 
When, however, this salt is decomposed by sulphuretted hydrogen and platiimm^ 

■ chloride is added to tho hydrochloric acid solution, tho original amorphous. plnhn“*U 
compound is precipitated. Ethyl cne-sulpbocarbamide, which is hetwee 

ethylene-diamino and ethyleiie-disulphocarbamido, 


H* 



C*JIM 

0*HM 

■ 

cm N* 

cm 


H-'j 

csi 


is very stable, not being altered by long digestion at a high temperatare ^ 
disulphide or witli carbon disulphide and lead oxide (Hofmann, Aw/. Ch^ 
w.240>. 
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= C*iP |q^ , is produced by distilling monox- 

itUyl-cldoi'bj'drin, C®*HCl(OII)(00*IP), the product of the action of cohl dilute hypo- 
chlorous acid on allyl-cthyl oxido (p. 49) with caustic potash. It is a colourless 
mobile liquid having an agreeable odour and very pungent taste; solublo in water, 
and combining readily with Uin haloid acids. Phosphorus pentfichlorido converts it 
into **' body wliich is also produced by the action of chlorine on allyl- 

etliyl oxide (L. Hcuiy, IMut. Chcin. Ges. Her. v. 449). 

BTHTUDEXTB COMPOUXTBS. Bromide, ClP.CHBr^.— Chlorinated ethyl 
ihlorido is known to be identical with ethylideiie chloride (1^^ Sujppl. 606), whereas 
Ijrorainated ethyl bromide differs entirely from the so-called othylidone bromide Avhich 
AViirtz and Prapolli {Ann, Ch. Phi/s. Ivi. 144) obttiined by the action of phosphorus 
lumlabnnnide on aldeliy<le. Henoe there has existed considerable doubt whether the latter 
compound is real ly the bromide of clhylidene. This question has lately been examined 
Ijv Paterne a. Pisati {GasscUa chimica itaUana, i. 696). By treating dichloral dchy'de 
witli phosphorus pentachloride, they have obtained results which seem to show that 
llm product of the action of phosphorus pentabromido on aldehyde is an oxybromido 
(if ethyl idciio analogous to the oxychloride described by Lif;ben. On adding aldehyde 
^hoftphorvs hromoefdoride, PCPBr*, treating the product with water, and distilling 
In Si current of steam, an oily product is obtained Which, by rectification, gives a liquid 
of the fornnila G^IPBr-, boiling at 110®-! 12^. Its mode of formation shows it to bo 
ili(‘ Irnc othylidone bromide, and from its boiling point it would seem to bo identical 
vith the brominated ethyl bromide obtaintid by lIofmaTin and Caventou by the aclioii 
of brniiiiiu! on ethyl bromide, and by Reboul {Compt. rotd. Ixx. 399) by that of hydrogen 
liromide on brominated ethylene. The less volatile portion of the product appears to 
contain nioro highly brominntod derivatives of ethylideue, an analysis of the portion 
lioiling at about 180® corrcsiwiiding very nearly with the formula C-H*Br®. 

Kfhi/lide7i(‘ Chloride, CIl* — CHCT, is obtained in considerable quantity from 
tho by-products of the luaniifacturo of chloral (p, 490). 

fOTT 

Trichloreihylidene Glycol, CCP — CH |qj£, is identical with chloral hydrate, 
fliicl its cthylic ether, CCl* — chloral alcoholate (p. 314). 
aTBn-MBTBVB CjamBmoXi, (C*H»)(CH»).CIIOH. See Butyl Aj.ooiiors 

(p. 218 ). 

STBYBOXY-OBBXiTB CB&OBZBB, COCl— C0(0C'H»). See Oxat.ic 
K riiKiis. 


&TByXi*PBOBPBZBBB 
liTRYXi-PHOBPBZirzC BeXB 


See l?nospitiXKs. 


BTByB.PB08PaOPBBTZlf OVB GOMPOUBBB. 

COMI'OVNDS. 


See rUOSPHOPLATINUM 


8Tan-TBZOSVXiPBimXC A^XB, C®H‘'.S-0* * | S®0». EthyUhypo- 

^ujpJittrous acid . — This acW is produced by treating ethyl sulphide (boiling at 81°) 
vitli an equal volume of strong sulphuric acid. On adding water, saturating with 
''■iriiim carbonate, and concentrating, tho liquid deposits colourless rectangular Uiblos 
Ju- summits, having the composition C^n'*BaS‘'0* or (C*H*S''*0*)“Ba + 

‘U’O; Ibis salt is easily solublo in water, less solublo in alcohol. Tho copper sail 
pnpjiml from it forms small quadratic table.s very soluble in water. The eiiver salt 
j'n-stallises in small shining lamina*. The hydrogen salt or free acid does not appear 
liavo hccii obtained (R. H. Smith, Chein, Stw. tf. [2], vii. 302). 

&VCABTPTOB, C>*Ha»0 (Clooz, Ann. Ch. Pharm.c\iy. 372).— Tliis compound is 
‘ ontiiinod in large quantity in the volatile oil of Eucalypiue globulus, a tree indigenous 
j” lasuiania, and much cultivated in tho south-w'cst of Europe. The crude oil con- 
•ns also a number of products Isnling between 188° and 190°, and above 200°, tho 
cncnljptol being contained in the portion which passes over between 170° and 178°, 
1 oht-ained pure by contact, first with solid potassium hydrate, then 

p chloride, and subsequent distillation. 

-nc}il3^it()l boils at 1 75°, has a specific gravity of 0*006 at 8°, and turns tho plane of 
of molecular rotatory power is +10'42° for a length 

®hghtly soluble in witer and dissolves completely in alcohol ; tho 
Ora' lyis an odour of roses. Vapour-density, obs, — 6*92, calc. « 6'22. 

lUiil acid slowly attacks eucalyptol, forming, amongst other products, an 

probably analogous to camphoric acid. * Sttoiig sulphuric acid blackens eucalyptol, 
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and water separatos from tlio product a tarry body wliich yioldaby distilfcitionaTolatilo 
Ixydrocfirboii. 

Eucalyptol lieatcd with phosphoric anhydride gives up water, and yields encalyv). 
t(Mio, C'-II'" (Viipour-density — TrSl which boils at 165®, and lias a spociflc grarity 
of ()‘S36 at 12°. At thfs same time there is formed another liquid, eucalyptolenc, 
which has the sarmi composition, but boils above 300°. EuCiilyptol absorbs a Isn-gi! 
quantity of dry hydrogen chloriilo, the liquid first solidifying to a crystalline miLs's, 
which, however, afterwards liqnolii-s, with sepuriition of water, and formation of a body 
apparoutly identical with eucJilyptoue. 

BimXA.la'TTB and BITBOXiXTB. — From the analysis of cudialyte from Gnca* 
land (A), and of cukolitc from tlie zircon-syonito of Norway (B), Nylander (JuArft./. 
Miiicraloffin^ 1870, 488) concludes that both these minerals are includctl in ij'iy 
formula, liO.2(k>i(')".Zr0-‘) given by lluminolsburg for the former. 



SiO* 

ZrO« 

CeO 

FuO >ruo 

CaO 

Na“0 

Cl 

Xf 

A. 

51*86 

1467 

• - 

6*5 1 1*46 

9*82 

12 32 

1*37 

1-43 = 99*47 

B. 

5017 

14*26* 

4-.30 

5-42 3*67 

9-58 

10-46 

1-68 

1-57 101-41 


* Loss by ignition. t Togotlicr with Tii-’O", 


fOH 

BVGBXrOXi or BVOBfTXC ikCXB, C'»lT'-0<. The formula C^IPJOCIP, ay- 

lc»ip 

signed to this body on .account of tho formation of methyl iodide by lieating it with 
liydriodic acid, and of protocatechu ie acid, C‘*n*(OHy'*. COOH, by fusing it with pobish, 
(ii-^ Snppl. 609), is further supported by the fact recently observed by Grache a. 
IJorgmnnii (Ajt». CA, clvhi. 282), that methyl eiigouate, C'‘fr*(OCH>)*C=«Tl \ 

when oxidised by chromic iicid, is converted into dimcthoxybcnzoic acid C“II*(0CJIT')- 
00-K. Tho met, hylic ether, obtained by heating sodium ougenato with inulhj^ 
iodide, was dissolved in glacial acetic acid and heated for two or three days on a watoi ' 
bath witli 2 parts of powdered potassium dichromato; the liquid was then diluted with, 
water, and ether added to separate any unchanged methyl cugciiatc ; the cthcrivil 
solution was shaken with a solution of ammonium carbonate ; and the alkaline liquid 
concent ja t ed. On addition of an acid, a crystalline substiinco separated, whicli. aftir 
rccr^'stallisation from hot water, exhibited tho composition of dimcthoxybcnzoic 
acid. 

yiVAy/f evgmaU (which boils at 251° and not at 240°, as st.ated by Cahours) is con- 
verted by oxidation into tho corrcspoudirig diothoxybonzoic acid. Eugciiol itself 
gives by direct oxidation merely a brownish uoii-crystallino mass, not soluhlo in 
water, alcohol, benzene, or any other solvent, and not yielding any dofinito chemical 
compound. AVlien heated, it gave otf carbonic anlijalriJo and waiter, while the rcsiduo 
smouldered away on exposure to tho air, leaving pure chromic oxide. 

BUKOBXTE. iSce Eudialyte. 

BmTTB and BTBBTTBa These names were given by Baup to tw'o su1>BUnces 
which he obtained by the action of strong nitric acid on citraconic acid, the raorosohiblo 
being called evdyte^ the less soluble, dyslyU (ii. GOG). They have lately been more 
fully exaininoJ l.'y Bassett {Chcm» Soo, J. |^2], x. 98). 

To prepare them, cr 3 'stalliscd citraconic acid w'as treated with nitric acid of sp* 
gr. 1'45, using 10 gr.anis of the former to 15 grams of the latter— larger quantities 
being found to cause a too violent reaction. Tho mixture was gently hoati*d upti 
action cominencod, iind tho lamp then removed. After completion of tlio reaction, 
when most of tho nitric acid was decompenied or driven off, the solution dopa-sitcu »in 
oil, the quantity of which was incrcascil by adding a certain quantity of Writer. 
oil was thofi washed two op three times with frosh quantities of water. It remain, 
fluid occasionally for days, unless touched with a glass rod, when it crj’staJlises m n 
short time. Tho acid mother-liquor contains a large quantity of oxalic, and some mewi* 
conic .add. , « * 

The oily product, tho quantity of which is very small, consists of a mixture oi 
neutral crystalline substances, and a small quantity of a yellow oil. ^ 
separation of these is a matter of considerabio diificult^r, notwithstanding their ^ _ 
difference in solubility in alcohol, from tho fact that the less soluble ^y, 

taken up and obstinately held in solution in presence of tho more j,y 

which js tho main product of the reaction. They may, however, be obtained pw j 
numerous fractional rwpystallisatioHs. •i-T tlic 

Eidyta, C*H®N*0^, the more soluble substance, agrees perfectly in character wi 
eulyte of Baup. It is best crystalliscul from warm chloroform, which and 

cooling in large crystals belonging to tlio quadratic system, »» 

brilliant faces. It melts at 09*5° (corr.), but its solidifying poiiit is veigr unCw*®* » 
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. QC(.{iBionally remains fluid for hours unless touched with a hard body. By very 
*-'iTefiil healing, it appears to sublime unchanged, but decomposes at a liigh leinpeni- 
ture with evolution of niti’ous fumes, and if in somewhat large quantity, witJi violent 

Jiulyte gives by anHlysie (mean), 29*26 p.e. carbon, 2*61 hydrogen and 22*60 nitro- 
jren, the formula requiring 29*27 C., 2'd2 H., and 22‘76 N. Heated with alcoholic 
iKjtilsh, it i** decomposed, with formation of a nitrite, and a brown resin soluble in 
Vkalis*. When moderately heated with tin and hydrochloric acid, it 3 uclds ammonia, 
SI iitl a volatile base smelling like picoline. In one experiment a solid base w'as also 
olitiiiied, precipitated by ammonia, soluble in potash, and forming an oily hydro- 
chloride almost insoluble in cold water, but soluble in alcohol. 

ByslytCy C"1I®N*0“, separates from boiling alcohol, in whicli it is sparingly soluble, 
in long needles melting at 189° (corr.) On cooling it solidilies suddenly, but at tem- 
juratures varying beC^t'oen 135° and 165°. It gives by analysis 37'80 p.c. carbon, 
‘> n0 hydrogen and 21*97 nitrogen, ihp formula recjiiiring 37*80 C., 2*36 H., and 22 05 
N. It is decomposed by alcoholic potash, with formation of brow'n resinous products. 

The fluid product accompanying the two solid substances was precipitated by water 
fruiii ll>e last motlier-liquora of the crude product, and purified ns far ns possible by 
dibtilhitioii in a current of steam (a small quaiitily of the solid products coming over 
also), and the distillate shaken up with ether. On evaporation of the clear ethereal 
fioliitiou, a small quantity of a yellow oil remained, liaving tho characl eristic, smell of 
volitlih! nilTo-compounds. On tho application of n strong heal, it exploded violently. 
On reduction it gave appJirently nothing but ammonia, and some tarry matter. 

BUFKOSBZA. The fiowors of EtipJtorhUi Cypariasias yield a yellow colouring 
mutter call ed liiteic acid, which has been proXKired and cxarnintul by II. liiihn i^Arch, 
Phari/i. [2] cxl. 218). Tlio fresh flowers are oxhausted with alcohol of CO p.c., tho 
greater part of Ihe alcohol distillcil ofli and the rosidiuil liquid filtered and precipitated 
nitli liaaic lead acetat<?. The W’ell-W'ashod precipitate is siispondod in warm water, 
(Ipcoinposed by hydrogen sulphide, ajid tho Jiltruto is evaporated and loft to stand over 
Miijiliuric aci<l. Yellowish green crusts then sepjiratc, an additioual quantity* of which 
may be obtained by evaporating Iho rnothor-liquor, dissolving tho residue in alcoliol, 
]>recipita( ing with ether, and eva]^x>rating tho filtered solution. A further quantity of 
the same product may also be obtained in greenish-yellow crusts or warty aggrega- 
tions by exhausting the procipitatod lead sulphido with liofc alcohol, and distilling. 
Tho coloLiriiig matlor thus produced maybe purified by w’Jishing it thoroughly with 
cold water, then digesting with a little ether, to remove a green soft resin ami chloro- 
phyll, dissolving in ethor-alcohol, leaving the solution to ovapwrato slowly, and rocrys- 
tallising the residue, which is then tolerably pure, several times from hot water mixed 
with 3 or 4 p.c, of alcohol j five kilos, of fresh flow ers yield about 3 gi*ams of pin e sub- 
Btaiicp, 

Tho colouring matter is pure yellow, and crystallises in slender needles which appear 
Jindcr the microscope as four-sided, or more rarely as six-sided p>ri8Tn8 W'itli porjiendicu- 
mr or less frequently with oblique end-faces. It sometimes separates from a liot 
jqueouB solution in granular, amorplious, or spdierical warty groups. It is scentless ; 
has a bitterish, somewhat astringent taste ; sublimes at about 220° in yellow flocks 
niiuloupof shining needles; molts at 273°-274° ; dissolves in 11,000 parts of cold, 
ftnd 3,400 parts of boiling water, in 23*7 parts of cold absoluto alcohol, and in 27 2 
®thep. The solutions liavo an acid reaction, and tho body exhibits generally 
Jjie chitfacters of an acid. Tho name luteic acid has been given to it by Hohn, because 
a exhibits considerable resomblanco to luteolin, and, like the latter, yiolds proto- 
®cid when fused with potash. It dissolves in caustic and carbonat^l alkalis 
With a dark yellow to reddish-yellow colour, tho solutions vdcldiug green (k yellow- 
Precipitates with inotallic salts. It reduces silver nitrate, mercurous nitrate, 
Bol t* solutions, when heated therewith. With ferric chloride, it forms a 

iidlV flno green colour, changing after awhile to red-brown on further 

with ° iron solution. Strong sulphuric acid dissolves the colouring matter 

hoili and water separates it again in yellow flocks. It is not altered by 

casil"^* .tijluto sulphuric acid, and is, Uierefnro, not a gluooside. It dissolves 
fiio 1 strong nitric acid, and is oxidised to oxalic acid by boiling^ with 

yields^ with potassium chromate and dilute sulphuric acid,^ it 

T ^*^^*^*®*'® reduces silver solution and therefore probably contnins 
ovaporation of tho aqueous solution^ tho colour becomes continually 
Hohn ■ • ^ residue is finally obtained, no longer soluble in water or in alcohol. 

colouring matter tho formula C**H*®D'*, but the analyses from 
" w deduced differ considerably from ono another. 

*****•■ The following analyses of this mineral have lately been published : 
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KVERNIO APID— EXCRETIN. 

a. From Hittoro (.Tohn, Vogg, Ann, cixiv. r>94) ; b. From Alvo near Arcndui, up. 
4‘984-6 vol. (Iliiiiimelsberg, Chcm. 8oc. J. [2J, x. 200); c. From the same (ForbusV 
Dahll, iAvl. 208) ; rf. From Moroljar near Arondal, sp. gr. — 4-672 (BammoUbciv 

e. From Eydlaijd, Lindornas, sp. gr. 5058-5-103 (Fammolaberg, loc. cit). 
f. From the samo, sp. gr. 5' 108 (Bchrcnd, Dent. CJunn. Gcs. Bcr. i. 224): ' ' 



a. 

&. 

c. 

il. 

e. 

I 

Niobic oxido 

! 18-37 

35-09 

3-i-58 

34*59 

33-39 

3108 ! 

Titiinic oxido . 

, 34'9G 

2116 

14-36 

23-49 

20*03 

19-17 

Alumina . 

, 5-41 

— 

3-12 

— 

— 

_ ' t 

Ceric oxido 

8-43 

— 

3*31 

— 

— 

: 

Corous oxido 

— 

3-17 

— 

2*26 

3-50 

2-81 i 

Yltria 

: 13-20 

27*48 

20-36 

16 03 

14-60 

18-23 I 

Erbia 

— 

3-40 

... 

9-06 

7*30 


Uranous oxido 

7*75 

4*78 

5-22 

8-55 

12*12 

19 r»2 , 

Ferrous oxido . 

254 

1*38 

I 1-98 

3- 19 

3*25 

4-77 i 

Magnesia . 

1 3-92 

— 

i 6-19 

— 

— 


Li Tlio 

i 1*63 

— 

i 1-37 

— 

1-36 

1-19 

Potash 

— 


1 

1 

— 

0-82 

j 

Water 

1 2-87 

2*63 

1 2-88 

1 

3-47 

2-10 

1 2-40 

i 99-08 

1 

99-09 

; 100-37 

101-51 

98-77 

j 100-10 


The composition of tlio ouxcnite of Hittero differs considerably from that of .all tlio 
rest, especially in the prcdominaiico of the titanic over tho niobic acid, and in tho 
large proportion of tlic ccrimi oxide. 

BVBRSrZC ACZS, This ncid is obtained, together with nsnic add, ly 

niacornting Evernia prunaMri with milk of lime, and precipitating tho filtered solution 
with hydrochloric acid : it is extracted from tho dried precipitate by repeated trout- 
mont for a short time with boiling alcohol, precipitated by water, and rocryshdliwil, 
without further digestion, from strong alcohol. It forms groups of small needles 
which melt at 164° ; docs not decompose solutions of sodium bicarbonate in the cold; 
its calcium salt is decomposed by carbonic acid. 'When treated with pobisli or bnrytn, 
it yields, as formerly stilted (ii. 611), only one fixed product, viz. ovoriiinic acid 


Tctrahromevernic acid, C”1I’-Br*0^ is obtained by treating perfectly dry finely 
pulverised everniciicid w'itha slight excess of anhydrous bromine, washing with carkm 
sulphide, and repeated cry-slallisation from boiling alcohol, from which it separates, 
after long standing, in small colonrleas prisms. It is insoluble in water and in eorboii 
sulphide, slightly soluble in hot benzene, easily in ether, melts at 161° (Stonhoiisc, 
Proc. Itoy. &c. xviii. 222). 


Tho excrements of the common bat, and of the IJgyptian bnt, 
have been examined by O. Popp Ch. Pharm, civ, 351 ; clviii. 115). Those o 

tlio Egyptian bat are found in caves in slalactitic masses. Tliey dissolve cosily 
almost completely in water and in alcohol, have an acid reaction, and yield by onaly®*J 
37'2 p.c. nitrogen. They contain 77*80 p.c. urea, 1*25 uric acid, 2*55 creatine, !•> ® 
sodium phosphate, Na*‘‘l[PO^, 3’6G water given off at 100°, and Q*675 lusoJu J ^ 
residue ( = 99-285) ; they appear also to contain a little xanthine. From this compo- 
sition it is evident tlnit tlie.se excrements consist of the urine of the animol- It m n 
known what becomes of the faeces, or why the urine should bo free from thoni. 
non -decomposition of the urea is duo to the dryness and warmth of the cli^j^* 

The excrement of tlie common bat {Dkhiofophus Hipposiderits) was 
a locality where it luul accumulated to the thickness of three inches. It Vi"** 
form of dry, small, long, granular mnssos, of a dark brown colour, and (Jf 

composed of tho fiecos of tho animal intermingled with the doconiposition-pf<W'^^^^.^, 
tho urine, viz., ammonia salts. It contained not a trace of urea, and no uric or ^ 
acids. The cliitff portion seemed to be made up of tho undigested 
insects. Cold solution of soda extracted a brown hiimiis-Jiko bodyt ^itro- 

evolution of ammonia. Dried at 100° tho excrement yielded 8*25 
gon, and 6-25 per cent, of n.sli, containing potaflsium, sodium, calcium» 
ferric oxide, chlorine, sulphuric, silicic, and 36 per cent, of phosphorio ftcifl* ^ ■ 

SXCBSTnZa Marcet, wdio discovered this body, assigned, to it .2l8}> 

gwijisBgO’ (ib 6J4)- according to Hinterbergor {Amu 
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tlie body tlms formiilftted is a niixUiro. Puro oxcretiii contains no sulphur, and hns 
flic composition C-"JI •'U. It iH obtaininl by exhausting fresli oxcromente with boilin.^ 
iilcohol, and leaving tlie solution to stand for a week. A black precipitate tliun 
f^opfiratesout, contiiiniiig oxcretin and the salt C^*H”’MgNO“. TJio filtrate isprccipi- 
::U(*(1 with milk of lime, and tho dried precipitate treated "with a hot mixture of ether 
;:nd alcohol. On exposing tho solution during a week to a temperature below 0“ 
ri'iale rxcretiri crystallises out in semi-globular masses consisting of yellow needles 
li is purified by crystallising it repeatedly from alcohol, witli addition of blood- 

Bromine converts it into dibrom- 
oxcrctiii, C* H ilr-O, wliich separates from a mixture of other aud nlcohoL in hard 
linltle LTj’Stals groii^ped in globular masses. A crystalliiio chlorine-compound could 
not be obtaiijoil. lOl) pounds of fresh oxci*cments yielded 8 grains of pure cxcrctin. 

EXPXiOSZOXr. 'riift conditions which dotermino tho explosive force of cuii- 
jwdiT and other dH.onahngsnbsb^^^^^ been discussed ]>y Beithelot 
lY^inii/ique, 1871, 40). Ho Points out that, for Iho oxjiression of explosive force, four 
are nc.ces.sary vus. 1st. The composition of the substaneo. 2iid. The composition 
ci thymlnds of the explosion. ;jrd. Tho quantity of heat disengaged in tho rSiction. 
Itli. The volume of gas ]>i*odiiced. 

Tho composition of tho proaucts of tho explosion may ho predictal in all cases when 
,00 substoo contiiins sufhciciit oxygon to forn. .stable, TOmplotoly oxidised compounds. 
Bui il the .|U.intity (It oxygen is less tiniii this, tlio nature of the products will vary 

ivi h the procure, ton, poriiturci, work done, &c-., and cannot be prcilictod : in tho cul- 

‘S wriwi,,“''“ Berthelot adopts tho simplest expressions oonsistout 

may bo experimentally dotormiiied, and if the rc- 
1 2^1 1*0 calcukted. The uiimmnn, work that can 

bi, cftLaul by duy explrisivo material is proportional to tho heat evolved. 

.■■ilcnlVto “7tlm!‘ln^r“*?“^^ oxperimentally determined, and may also bo 

• iiiumatcil, it the reaction bo jiccuratcly known. ^ 

U itli these data the pressure pniduced might easily be calculated if Bovlc’s laiv 

^^0 (‘xporiment, and if the specific lioat of Uie gases 

».r mithdvli’'^' with tim temperaturonnd p.es™r^ 

mH -iW ^ unknown, whilst the law.s of Boyle ami Gay-Lussac are wholly inap- 
U 110 P ^ ^ 0^ several thousand atmospheres. As, however ^t 

] noci;s8ary to use some comparative expression for the pressure produced bv different 

rf tho trao nrallr "I f P»i'PO«Oi »ot as Iming an exact measure 

clomoiits. ^ obtained from two characteristic and experimental 

tho lotions occurring at tho explosion, it is necessary 
idler wfing d„ i “wording to which, the products founi 

ttliliiccd l/morfshf^ ‘ ^ temporaturo produced by the explosion, but aro 

>'»l«..ding ,riS fhe i impounds. _ Henco it follows that the ijuantity of boat cor- 
■lottH foiiml .Xr cooUng'^ reactions is less than the quantity calculated front tho pro- 

pteXMvlries"XclfmnP™*“'ii V tl ‘0 oxplosioii, it is probable that tho 

K and as the mmllifir” temperature than is admitted by Boyle’s 

‘''rapliixitv wilii tbfX olomente. other conditions being the same, advance in 

hail of aXTp^ “ »'“wn by Bortholot’s experiments on tho dccomposi- 

W6), it wfc'fj^^r by the doctric sporr(^»». Ch. Pkya. [41. xriii. 

"'“St ensue. This in^* ooiwiderablo modifications of tho phenomena of dissociation 
paasato the decomposing Muomo of heat ^ tlierefore, be supposed to com- 


Tlio uhiann J iunuonco oi neat. 

ymnm of Sases'-T^^'lff very commencement of tho 

|ht;iiis(jlv(..s iij nioro oninnr expands, it cools, and its elements ro-arrango 

this Sn comixmnds; this produces a fresh disengagement of 

will time of expansion. The actii.'il 

of heat pressure calculated from tho quaii- 

tliau the nrSl il ^ temperature, and at first it inll bo 
volume from the results given by tho calorimeter ; but us 

graauallv ^ diminish, and, finally, disappear, the reactions 

The total nuantlfi^, constant disengagement of heat, 

substance in consequently, tho maximum work done by burning 

r tomneratnivT n Ji" calculated without roguitl to dissociation, if 

-Viii'tly known combination of the eiements of tho products arc 
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Tho following table exliibits the heat evolved in the combiiation of various explosivo 
compounds, the volnmc of gas produced, an<l the product of these two numbers : — 



Qimiitity at 
liirat livnlvcLl 
by 1 kilo, 
in iiiiitii 

Volnmc 
of gns 
foruiwl 

Product of th«=c 
tAvo numbers, to 
serve as u term 

of Cfiinptirison 
of the pressures 
produced ■ 

Sporting powder 

Jriilitary powder ..... 

641000 

cub. Tint. 
0*216 

139000 

622500 

0-225 

140000 

Blasting powder ..... 

380000 

0-355 

135000 

Powder with excess of charcoal . 

420000 

0-510 

210000 

Powder made with sodium nitrate 

769000 

0-252 

194000 i 

„ ,, potfiPsinm chlorate . 

972000 

0-318 

309000 

Chloride of nitrogen .... 
Nitroglycerin 

316000 

0-370 

117000 

1282000 

0 710 

910000 

Gun-col toil . . . . . • 

700000 

0 801 

560000 

„ with nitre . . . . ‘ 

1018000 

0-184 

492000 

,, with ^xitassiuni cliloi-iitc 

1446000 

0-481 

700000 

Potassium picrate . . 

872000 

(>■585 

510000 

„ „ with nitre 

057000 

0-337 

323000 

Picrate with potassium chloi-utc . 

1405000 

0337 

471000 ! 


Ordinary Guwpon'tUr . — On comparing the actual products of tho explosion -with tho 
results of the theoretical equation, 2NO»K + S+ 3CO- + Iv-S + N=, it appears that 
tho quantity of heat developed in the theoretical reaction is iimch less than that ac- 
tually produced : henco it may bo inferred that those products are most readily pro- 
duced, III tho formation of which the greatest quantity of heat is evolved, the pressure, 
represented by 139,000, being tho same. 

Powder eoniaining fsodiiim nitrate was largely cmploved in excavating tho Suez 
Canal, and with con8i<lerablo economy: for experiment shows that tho substitution uf 
s^ium for potassium in any dcfiiiito salt occasions a nearly constiint disengagement 
of heat. As the alkaline metU exists as a salt, both before and after the explosion, 
this influence is eliminated if tho quiintity of heat be cah'ulated for equivalent weights 
of sodium and potassium salts ; but, witli equal weights, tho volume of gas and tlui 
heat, conaequeiitly tho total work done, will be grojiter in tho case of sotliimi nitrate, 
the equivalent of sodiuiu being lower than that of potassium. 

Powder containing potassium cMoraie . — Tho extreme rapidity with whicJi this 
powder explodes is due to the enormous quantity of heat evolved by tho explosion w 
tho particles first ignited, to the low specific heat of tho products, and tho compara- 
tively low temperatures at which the chlorate decomposes. As the pn^uots are t i 
most simple and sUiblc possible, being binary compounds, the progressive 
dissociation are less marked, and tho variations of pressure during tho expansion oi tne 
gases are not aficclcd liy rcc-ombinations of tho elements successively produced during 
cooling. Hence tho great detonating quality of this powder. Similar roniarks are 
applicable in a still higher degree to chloride of nitrogen* 

mUroglycerin combines tlio properties of chloride of nitrogen and ordinary gunpow or. 
This is explicable by considering tho effects of dissociation. At tho first 
elements of water and carbon dioxide are separated ; but as they rectmibiuo du b 
expansion, fresh quantities of heat are ovolvocl, and regulate tho fall of the 
therefore during expansion nitroglycerin behaves as ordinary gunpowder; on 
effects of dissociation are less evident, because tho products are more simple, ao 
initial pressure is higher. ^ ‘mAnts de- 

Bertholot Jilso discusses, from tho thoimiodynamic point of view tho cxMnmo 
scribed by Abel (1^/ SnppL 486), ou the detonation of nitreglycwin , f^Sr^hefot 
Taking tho case of tho explosion of nitroglycerin prorlucod by a falling «ould 

calculates that the inipict of a weight of several kilos, falling through 0*5m* 
raise tlio temperature of a mass of nitroglycerin but a fraction of a degree, “ . ^ 
were distributed equally* throughout tho mass; but tho 
hont is too sudden to allow of this distribution ; the particlca struck 
attain tho exploding point, 190° ; a largo quantity of gas is 

this produces a second and more violent shock on tlie Htljaoent js alio 

liavo had time to cscttpq, from tho sphere of action. The force 
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coiiverLcd into boat, and in this way a continuous succession of changes is established 
j-jjr, mahout tho whole mass. The Tioleiico of tlie initial decomposition will increase 
with tho intensity of tho first shock, and consequently tho pressures produced through- 
out the entire series of decompositions will rise in equal proportion. Hence one and 
tlie same explosire substiiiico will behave in different ways, according to tho manner 
of its inflammation. 

These eftbetb arc loss marked in the cfise of loose gun-cotton, on account of tlie largo 
quiintity of air interspersed through its bulk. As compressed gun-cotton is less coin- 
jiMct than nitroglycerin, it should follow that it is less easily detoniitod than nitro- 
glycerin ; and this is found to be the case. Nitroglycerin may be detonated by tlio 
fall of a weight from a moderate height, by a gun-cottoTi fuse, or by a mixture of 
jiotas.'iiiiim chlorate and fulmintito of mercury. Gun-cotton detonates only w'itli pure 
fiiliniuato of mercury, and the best results are not obtained unless tho fuliiiiiiato bo 
iriuloscKl ill a rather thick case of sheet-tin, and placed in contact with tho gun-cotton, 
I'Diiditions whicli realise the greatest initial presusuro. Tho quantity of force thus con- 
virtcd depends on tho suddenness of the shock, and on the amount of w'ork which it is 
capaUe of doing. These elements vary with tho detonator, and Abel has found that 
i liloride of nitrogen is not very efficacious, and that iodide of nitrogen, which explodes 
liy I lift slightest friction, is incapable of tjxploding gun-cotton. But chloride of nitrogen 
flevelrips le.'^s heat limn any other compound hero treated of (see table), therefore a 
larger quantity of it must be employed, and judging by analogies drawn fi-om other 
iodiiK? .sul)siitution-subst.-nices, iodide of nitrogen should develop less heat and work 
than tlio .smile weight of chloride of nitrogen : hence its inactivity in tin's respect. 

Dviianiite is found to po.ssess lc.ss bursting or breaking power than nitroglycerin ; 
tins is explained by tho intervention of the inert material, which shares wdtli the 
iillroglyccrin tJio heat developed by tho exploding shock. Thus silicii and alumina 
hfivo nearly iho same specilic heat as the gaseous products of tho explosion of nitro- 
i:lyc(Tin, tho volume being constant; if therefore equal weights of nitroglycerin and 
eilhur of these siib.staiiees be fired in a space filled by tho mixture, the silica or alumina 
will absorb lijilf the heat, and proportionally reduce the pressure. 

On comparing nitroglycerin ivith guiiijowder, it will bo scon that if a given weight 
o[ niiro were couvertotl into tho exactly equivalent weight of nitroglycerin, it would, in 
a Ijl.'i.st, develop^ throo times ns groiit a pressure as would bo produced by tho giui- 
j'owdcr made with tho same quantity of nitre. 

Cum-cotfon docs not, like iiitroglycoriii, contain siifiieient oxygen for its comphsto 
enm hunt ion ; the products formed on explosion ai*e therefore highly complex. It 
•liliiTs tpoiii other explosive substances Kither by gi*«itor initial pressure than by 
ni.iximimi work; ancftlie ompiricJil rewultsof Tiobert [Iraiie d'Ariillcrie, parHc thh- 
riqm, IDG] agree wdtli tho calculated result (sc« t#iblo). Theory shows tho desirability 
I'l cfUi si tig gun-cotton to explode in tho smallest possible space, as pRicti.sucl by Abel 
in coiiippessing it. 

More werk may bo obtained from giui-colton by adding to it nitre or potassium 
‘ 1 orate ; hut as tho combustion is then complete, tho effwns of di.ssociation during cx- 
JwvxT products are less evident, and the mixture acquires greater bursting 

lo^ssium pkraic does not contnin sufficient oxygon for its perfect combustion, an<l 
^ »n ermcdiate between ^n-cotton and gun-cotton mixed with nitre (see table). Mixed 
sub eliloralo it should develop more force than any other solid explosive 


o/' — The temperatures required for tho detonation of 
renif T ®?^P*osive compounds have been determined by Lengno and Champion (Compt. 
Ixxui. M78), vith the following results 


Prinnng powder for Chassepot • 
;^elminate of mercury . 

owilcr formed of potii.*isiiiin chlorate 1 
Oun ** (paper-pulp) 

lowdor formed of antimony snlphiilo 
J.part. , . . , 

hhooti rig ponder . 

bunpowflop 

J’jcpiLto of mercury \ 

iKTrateofleacl deloimte at . 

iicmteofipoii j 
A icrate powder for torpedoes 

X x 2 


part, .sulphur 1 part. 


part, potassium chlorate 


o 

lUl 

L»00 

20.‘> 

2i<l 


280 

28S 

20o 

200 
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Picrato muKlvct-pomlei' 358 

Piorate giini>o\vdor 380 

Artificial salfpon . . . . . . . . . , 315 

Picric acid, picrato of niagncsium, of amnion iinii, of potassium . 330 

Nitroglycerin detonates at . *2o6~257 

Inflanmuitioii of sulpliui* in the air 246 

Ii. Blckrodo {Phil, Mag, [-1], xvi. 30) finds that a flanio may ho applied to gun- 
cotton which has hern jircviously wetted with carbon sulphide, without explosion 
taking place. Only tlio l.'itLer substance takes fire immediately, tho gun-cotton re- 
maining apparently intact amidst the burning sulphide, present ing almost the nspeefc 
of a mass of snow sloivly molting away. Ether, alcohol, atidbeiiEone may bo employod 
with tho same result, Blekrode regards this slow combustion, which hikrs 
place when tho cotton is moistened with carbon sulphide or any other volatilo 
liquid, as a most direct and satisfactory proof in favour of the conclusion to which 
Abel was led by liis researches, viz., that if the gases resulting from the first action 
of heat on gun-cotton upon its ignition in open air, are impeded from completely en- 
veloping tho burning extremity of the gun-cotton twist, their ignition is prevented: 
and as it is the comparatively high temperature produced by their combustion whioJi 
effects tho rapid combustion of the gim-ootton, tho momentary extinction of the gJiscs, 
and the continuous extraction of heat by' them as they escape from the point of oom. 
bustion, renders it impossible for the cotton to continue to burn otherwise than in a 
slow and imperfect manner, undergoing .a transformation similar in character to de- 
structive distillation. A piece of phosphorus placed in the moistened mass of gun- 
cotton, is melted and even boils during tho combustion, but docs not burn, as ir. is 

S revonted from coming in contact with tho oxygen till all tho gun-cotlou has 
isappeared. Blckrodo suggests that gnn-cotton should bo preserved under carlum 
sulphide or benzene, to obviate the danger in case of firo. Should the liquid become 
ignited the cotton will be only slowly dostroyed. 

Dependence of Explosion on Vibration. — Transmission of Explosion at a 
Distance . — Champion a. Pollot {Compt. rend. Ixxv. 110) have nifido a scries of experi- 
ments with the object of following out Abel’s theory, that for the explosion of deto- 
nating compounds a oerlaiii kind of mechanical excitement is necessary, the nature of 
wliich depends on tho nature of the compound itself (Kv^ Supxd, 487)- These ex- 
periments tend to sIkjw that, at least in corbiiu c:isos, the heat and tho shock of an 
explosion at a distanco operate in producing a second explosion, only by producing a 
certain vibratory motion, which may also be obtained by other means. 

Tho first experiments tried were on explosions produced by means ofR previous ex- 
plosion at a distance. The detonator employed was io<lido of nitrogen, which wiis 
found particularly suitable for delicate cxx)erinien1.M. A tube, at first over two meters, 
and afterwards seven meters long, was constructed of two lengths joined togetlier by ft 
jmper band. »Sma]l quaTititio.s of the iodide wore phveed at each end, and it was found 
that an explosion produced at one ond of tho tube immediately caused tho explosion 
of the iodide at tlie other end. A pith-ball pendulum suspended within the tubo re- 
mained quite motionlc.ss, showing that the second explosion was not caused by the 
pressure of tho air in the tubo, due to tho sudden X)roduction of gas by the first explo- 
sion. If the tubes are not joijiod together by tho paper band, but separated by an 
interval of five or six millimetors, tho second explo.sion j.g not produced, or can 
obtained only by using a comparatively large quantity of the iodide for the first c - 
plosion. •If'. 

lilxperimonts were also tried on producing explosion by moans of other 
citement. Iodide of nitrogen was fastemod by means of a morsol of gold-beat^ 
to tho strings of a doublo-ba.ss. It was found, on bowing tho strings, 
iodide which was yhicod on the twp lower strings did not explode, ijons 

on the string giving the highc.'^l. note e.xplodeil. Tim lowest number 6f' Tibra 
that would prodiuje an explosion was found to Ijc about 60* iier second. aongs 

Experiments on the vibrations of metallic plates and of two small ® ^oso 

^nelded similar results : vibrations which gave deep sounds had no effect; 
giving the higher sounds readily produced an explosion. ^ ■ , . - 

The experiments above described illustrate tho effect of vibr.T,tions m 
plosion of n detonator. The following show that heat, unless it is acoonjpftw 
mechanical vibri&tioiis of the proper kind, does not readily jheus of 

lodido of nitrogen was placed at the focus of a parabolic ■mizror, and 
a second similar mirror, nitroglycerin, fulminate of mercury, and gunpowdtf 


’* According to ordinary Euglitsb re<3konhis, 30 imr me. Tbo French oount hp3t 
of complete ribratlons frmn (»nc end of the range to Ibc other, and back ngidn* . 
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iilodoJ. Tho results showed that, to cause the explosion of the iodide of nitrogen in 
tlio otlicr foeus, as much gunpowder was required as would produce ten times tho 
licat given out in tho burning of the required quantity of iiitroglycorin. The mirrors 
were afterwards covortid with lanip-bliick, and then even this largo quantity of powder 
would not cause tho iodide of nitrogoii to explode. On tho other hand, the Limp-blaclc 
irtV»Ting did not in tlic least prevent tin; nitroglycerin in one focus from exploding tho 
iudido of nitrogen in tho other. 

A furtlior set of experiinoiita was made to dotermifio tlio difference between tho 
vila’iitory motions excited by various detonants, and thus to account for tho difference 
in their power of causing by means of the intervening air, the explosion of other de- 
toTiiinls placed at a distance. Kor this purpose a series of sensitive tiames was ar- 
rj-ngod corrcspomling witli the complete scale of ^ major, care being taken to tune the 
llaiiies exactly to tho j)roper pitch. .Small quantities of various detonants w'ero then 
ixplodtid at small distances from tJio flames. In the ease of iodide of nitrogen and 
aiorcuric fuhninate, 0'03 gram of ojich being oxplodi'd ; the former produced no effect 
ii[»on tho llanios, wliihs cxciteniont of the flames, a, <?, was noticed on tho explo- 

sion of the Jiitter. This seems to show that the ribratioiis excited by the two explo- 
sions Jiri! very different, find that tho vibrations excited by mercuric fulminate act on 
llic llnirii's b(?loTigiiig to some notes of the scale to the exclusion of others. 

iSticoridly, exploding tIie.so bodies at a shorter distance from the flames, it ivas found 
tliiit, while the iodide of nitrogen affected the flames corresponding witli tlie higher 
iiulcs of the scale .‘ind those only, the mercuric fulminate acted on all the flames. 
Two-teiillis of a grain of iodide of nitrogen placed at a short distance from the flames 
was fouiitl to Influeiipo them all. 

Tho ^lbov(^ experiment s seem also to indicate, from the difference observed with tho 
sumo aiuoimt. of the same dctoii.int placed at different distances, tliat acute sounds pro- 
iluuiiiiiito in cxplo.sions. 

Tlio flsimos above doscril)o«l were not nffected by t he explosion of nitroglycerin, 
uitroglycol, nil.ro(?rytlirito or nitrodulciU?. It is probable that this negative result was 
iliietothe siiiuil range of tho apparatus, and that by constructing a set of flames graver 
thaa those employed in the.se experiments, the upi>er sounds of the explosion duo to 
llicso bodies miglit be reached ((Unnpl, reml. Ixxv. 712). 

The transmission of detonation tliiough the agency of tubes has lately been made 
tho subject of an elaborate series of experiments by Abi l {Proo, Iioy» Soc. xxii. 160 — 
171), in wliich the explosive agents used were less liighly susceptible, and more 
uniform and constant in composition than iodide of nitrogen, such as guii-cotton in 
‘lifliiront nujcliauical conditions, dymuuite, mercuric fulminate, and preparations con- 
taiiiiiig tho l^ittcr as an ingredient. 

'I lie following are some of the points cstibli.«:hod by tlio.so experiments: — 

1. The distance to which detoiintion may be transmitted tlirough the agency i»f a 
tiil)i} le a distinct mass of explosive substance is regulated by the following cori- 
dilioiis : 

f/0 by the nature and tho quantity of tho .substance employed ns tho initiative do- 
tmifitor, and by the nature of the sub.«(tanoo to bo dotonated, but not by tho quantity 
ot the hittiT, nor by Ihe mec/mu?cal condiiion in which it is exposed to the action of 
thu detonator. 

by the relation which tho diameter of the ‘detonator,’ and of the charge to bo 
uetoiijitud, bear to that of tho tube employed ; 

(c) by the strength of tho material composing tho tube, and tho consequent rcsis- 

anee which it offers to tho lateral transmission of tho force developed at tho instant of 
detonation ; . 

(d) by the amount of force expended in overcoming tho friction between tho gas 
• tho sides of the tubes, or otlicp iinpedimonts (such as looso tufts of cotton-wool) 

itoduced into the latter; 

H,; 1 degree of completeness of tho channel, and by the positions assigned to 

^ ^enator and tho charge to bo detonated. 

of til (apart from strength or power to resist opening up, or disintegration) 

acb *** compiling tha tube through which detonation is transmitted, generally 

diffw important influence upon the result obtained. At any rate tho 

tlio.so*^^.i°*i rt^spect to smoothness of the interior of tlie tubes fiir outweigh 
tli.-ni may prove traceable to differences in tho nature of the materials composing 

with gun-cotton, many instances occurred in wliich the 
•'fteot upon was exploded, but with comparatively little, if any, destructive 

l ^'o-*** gun-cottoii being at tho same time dispersed and occasionally 

a«»Qncv* V mercuric fulminate was frequently exploded, Ihrougli tho 

° j a transmitted detonation, m a biannor quite distinct from the violent detona- 
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tions at otlior times dovclopotl. Kron silfer fnlmiuatc wliich, umlop all ordbapy cir- 
cumstances, detonates violently, and oven when only one particle of a mass is subjected to 
a siifficiont disturb! ng i nfi uence. was on one op two occasions exploded by the transmittod 
effect of a detonation of mercuric fulminate without tlio usual destructive action. 

The dilution of a liquid and of a solid explosive body by inert solid suljstiinccs pro. 
duces very different results on the susceptibility of the compound to detonation. If 
tho dilution docs not affec^t tho continuity of tho explosive Ixjdy, as when an exi)lo.siv« 
liquid, like nitroglycerin, is diluted with an inert solid, there appears to be no loss of 
sensitiveness to detonation ; but if the continuity of tho explosive bo interrupted, sis 
happens when a solid explosive is mixed wdth an inert body, tho susceptibility to du- 
tonation is mu(di diminished if the ma.ss is loose and iinconfmcd; but l)y compressimr 
the diluted explosive, or strongly confining it, dc'tonation may be much more ea.sily 
produced. Thus mixtures of gun-cotton w itli potassium chloride, or still better witii 
the chlornte or nitrate of potassium compressed with addition of water aiid then dried, 
wore found to be more susceptible to detonation by nitrogl3’Ccrin than undiluted gun- 
cotton itself. 

The dilution of a solid explosive by a liquid greatly reduces its sensitiveness to de- 
tonation. .'Damp gun-cotton can be exploded only by largo charges of mercuric fulmi- 
nate ; it. is, however, much more easily exploded by an initiative detonator of dry gun- 
cotton. 

Gun-cotton made up into a pulp with water is not susceptible of detonation, even by 
di7 gun-cotton, unless the escape of force bo retarded at the instant, of the first detomi- 
tion ; but if this condillon be fulfilled, cither by the resistance of the material of tliu 
ca.so, or by the prossun? of a con.siderablo column of water, the tletonation may be w 
complished with certainty. J^y confining tlio gun-cotton lightly in sheet-tin cases ol- 
bags, or even in fishing nets, and sinking it b) a sulTieient depth under water, or bv 
placing the pulp in a sliedl and filling up tho interstices with water, the whole can bo 
detonated with a small charge of dry gun-cotton. Komarkable results were likewiso 
obtained by detonating small charges of com pres.sccl gun-cotton in shells filled up with 
wat<?r. A quarter of an ounce of compressed gun-cotton detonated in a shell filbd 
with water, broke it up into nearly eight times tlie number of fragments obtained by 
exploding a shell of the saiiiokind full of gunpowder (13 oz.) 

Vflociiy of Trans'jiiissioii of Detonation, — A series of experiments, in which 
the time was raea.surod by Nfiblo’s electric cliroiiograph, showed that with dry com* 
pressed guii-cotton the rate of transmission is bet ween 17.f)00 and 20,000 feet per 
second when tlie masses are aiTaiigcd so as to touch one another. Tho separation of 
tho masses retails tho transmission to an extent depending on the size of the masses 
and the distance between them. When gun-cotton saturated with water was employed, 
a marked increase in the rate of transmission wns observed. Nitratetl gun-cotton 
gave a slower rate, 15,500 to 10,000 feet per second. Dynamite, in continuous masses, 
gave 19,500 to 21,600 feet ])er second ; but separation of the masses reduced the rate 
t/) a greater extent than was the case with gun-coUon. Nitroglycerin, contained in 
V-shapod troughs, gave a velocity of only 5,500 feet per second. 

New Classt of Explosives. — A class of explosives which are non-expl^ive 
during manufacture aud transport has lately been introduced by Dr. Sprengel (CMm. 
80c, J. [2], xi. 7O6). Tlieso explosives are mixtures of a combustible and an 
substance which can be kept separate during transport and mixed only when r^uirw 
for use. The examination of a considerable number of such mixtures showed that tnc 
mo.st effective were mixtures of nitric acid, sp. gr. 1*5, and nitro-compounds of tlic 
hydrociirbons, fired by a deton.-itiiig cap. A mixture of nitrobenzene or picne acu^ 
with nitric acid explodes with the greatest violence, compurablo with that 01 the ex- 
plosion of nitroglycerin. Porous cakc.s of potassium chlorate ssiturated g 

bustible liquid, such as carbon sulphide or nitrobenzene, wore found to bo five 
as effective in open granite quarries us an equal weight of gunpowder. 

Experiments on tho composition and tension of the products of combustion of 
powder, when fired in a closed vessel, and in the bore of a gun, have 
published by Captain Noble and Mr. Abel {Proc, Roy, SocAiiU 187^)^ 

POWDEH. 
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Tlio sepiriition of fopper-pyrites .-iTid coppcr-gliinco fj’om tlio fnlil- 
f)io of Wolilfach has IjroTi oijpom>(l by .S!iiidljerger(J<77«rA../. Mineralogie^ 1809, 301), 
who shows liy caleiilat.iori liowr tin's falil-ora 3 do]d 8 , ia iiddition to tlics two minorals just 
iiiontioiKMl. ziiic-blendo, brittle silver ore, and 8t.ibmte,.whiL‘h also occur at Wohlffic'h in 
:i, manner i I idicatiTi^ the jn-obibility of their formation fi-oni the falil-oro. Tho weathor- 
imr of this saiiu) fahl-oro yields autimony-bloom coloiin>d j’ollow by stibnito, besides a 
Inwii-pud innss ii(it yet exiiminoil. 

lihmnih Analyses of two specimens of this mineral have been published 

hy 1870, 464, 690) : A. From Neiihuliu-h in tho Wurtem- 

hiirg Sfhwarzwald, in crude lumps iutimutely intergrowri witli tho qimrtz ganguo, and 

only onco found ciystalliscd in the form 9- . . ooO; sp.gr. ■» 4-908 ; anal^'sed 

1)V R. SrjifO’r. 11. Occurring with licavy spar and quartz at Cromoz in tlio Finfisch- 
tfiiil (Val d'Aiinivicrs) in tho canton Wallis; anajyseil hy Fraiins, who names it 
liionih'. 'Hie iniaiilitirs of tlio metals found by nndysis retpiiro only 2i)‘13 j».c. 
siiljiliur. JVJorsun found 26*67 p c., which lie regards as too high, because copjaa* 
jivritcs is mixed with llio iniTicral too intiinatel}' to allow of coinpleto separation. 
IVt'-'isi ii is tln rcfore iiicriiKid to refer tlio analj-sis to the general formula SliS.IlS*, 
wliich lit! rcganls as the typical formula of the I'ahl-oros : — 


S As Sb ]U Cii Aff rii Zn To Co Isi 
A. 21-80 13 03 4-28 6*33 41 *13 trace 1*02 3-82 3 74 trace trace = 99 00. 

r,. 20*10 11'14 2*19 13-07 37 02 0*01 — 0*51 1-20 —= 101-07. 


TATm Tlie Storing up of Fat in the Animal Organi$ni , — ISxporimonts liavo been 
made by K. Hofmann (Zeiifsahr. f. Jiiologie, viii. 153) to detennine in what way fat 
I'Pfoiiies deposited in llio bod^*, whether it is derived diivetly from tiio fatty olomeiits 
of the lood, or whether, as Toldt and Subbotin hold, it is derived from the splitting 
iiji of albuminoids ; or whether, accoi-ding to tlio views of lladziejewski, all fats must 
ho lirst saponified, and again undergo synthesis into neutral fat in the organism. To 
tills latter conclusion Itadzlejowski wa.^ led by Ills expcrimoiits on the feeding of 
animals with fats -which do not normally exist in tho body. Hofmann, how'ever, is of 
opinion that Kadziqjewski’s conclusions are much wider than his premises, as his 
oxporinionts merely prove that foreign fats are not stored up. Tho same is .show'ii bj- 
iSubbotin’s experimorits with spermaceti. 

Hofmann’s method consisted in starving dogs till all the body-fat was used up, and 
then feeding them with large quantitieB of fat, mixed with as small a proiwrLion as 
possible of loan meat. After a few days the animals were killed, and the W'holo 
<[u.‘iiirity of fat in the body determined. Tlie fat found w'as regarded first us tliat 
<krivud from albuminoids. If tho quantity found is not greater than might possibly 
ho ilorivod from ulbumino'ids, it is considered that all tho fat of tho food has been 
hiirnt and none deposited. If, on the other liund, a larger proportion of fut is found 
tliHii can bo accounted for in this way, it can only have come from tho food. Tliis 
Would not. however, docidu tho question wliothor tho fat w-as stored up in the cells, 
it might exist in tho blood. If, however, not iiioro than usual is found in tho 
blood, and an amount corrospondingw’ith tlio quantity absorbed is found, this quantity 
nj-iy be considorod as fat really deposited in the tissues of tho body. 

llio first point to determine was when the whole of tho fat of tho body had been 
used up by tho process of starvation. Cousidcrablo difforonces in time are observed, 
[iccording as tho animal has or has not n large store of tillnimino'ids, as well as fat, in 
system. In goiieral it is found that the fat of tho body is almost entirely absorbed 
^ht'ii tho excretion of uroii suddenly liecomes grofitly increased after a long petriod of 
starvation. This indicates that the wants of Uie organism require the combustion of 
'*■ oniount Of nitrogenous constituents to make up for the fat which has now dis- 
'‘ppenred. 

so starved was found capable of assimilating considerable quantities of fat 
small proportion of flesh. At tho end of a few days, however, 
vspepiic symptoms appeared, and iilmost pure fat was passed as excroniont. I’his 
•18 attributed to the fatty condition of tho liver which was induced. Tho animal in 
‘W‘ days incpnased in weight more than 21 p.c. of its weight on the last day of star- 
ion. This increase was shown not to bo duo to water alone, or to the small 



amount of lonn meat of tho food, Analjrsas of the blood likovise proved that this rlij 
not cdntuin more than the visual proportion of fat. 

Tho whole amount of fat in the body waa determined by tliorouglily mincing the 
whole animal, and reducing all its tissues to a uniform mass. Fractional analysis of 
this mass gave uniform results, and allowed of easy estimation of the whole fat in tho 
body. 

Tho results show that in five days a dog had absorbed 18a4'0 grams of fat If 
130*7 grains be tsikeii a.s the anioiint derived from albuminoids, a total of 1081*7 giswis 
represents what was used by tho organism. The quantity found in the body by 
analysis was ]3u2*7 grams, giving 632*0 gmms as the quantity which had undergoii 
combii.stion. These figures show that a very largo amount of fat may be absorW 
fi-om the food and deposited in the tis.snes. The deposit takes place principally iu the 
liver and inesontcry. 

Hofmann questions whel her it will be possiblo by tho above method to determine 
whether fitty acids may undergo synthesis into fat, as it is impossible to givo large 
quantities of soaps l,o animals without iminciiig serious derangcriiont of tho alimentary 
canal. 

TJiat fats arc deposited in tho organisni, and not all burnt oft*, is also shown by the 
i^xperimcTits of rettonkofor and Voit, which prove that the amount of carbon given off 
by an animal receiving a large proportion of fat in its food is far below what would 
be required to cover llie amount of fat coTisumed. 

E.v(racUoii and Vitrification of Fats. — The following process is described by 
H. Pohl {Divgl. polyt. J. cci. 231); — 

The fresh raw fat, freed as far as possiblo from fleshy matters, is cut into thin slices 
and wiushed free from Mood, &e., with purtj cold w.ater. The wa..shcd fat is then placed 
in a cylindrical etoiiewaro vessel :iboat 1 feet high and 18 inches wide, stiiurling 
in a water-bath which can be h(>at<^d by steam. A cock of wood or Ktonownro attlio 
bottom of this vessel cnabh's it to be emptied without removal from the water-bath. 
After the cylinder has been three- fourths filled, a kind of sieve of stoiiowaru is laid on 
the surface of tho fat ; 16 per cent, of pure highly’ diluted hydrochloric acid is added 
(3 lbs. acid of sp. gr. 1*12 to 100 lbs. water), and a well-fitting cover of stoneware is 
laid over the top. On warming, a.s tho fat melts in the cells, the acid dissolves tho 
membranous portions, and the sieve gradually sinks to tho lower part of tlio cylih^^ 
carrying with it the skinny matter.s and unmoltnd fnt, while tho puro melted po^H 
collects in tho upper part of the vessel. Wlien all tJio fat is molted, tlio dilute acid 
solution is run off at tho bottom, and the fat is W'aslied two or throe times with boiling 
water, to the last portion of which a littlo magnesium carbonate is added to ensure 
perfect natnr:ilisation. 

Tho wasliod fat is dissolved in an equal volume of Canadian oil, which separates a 
nitrogenous matter. The solvent is then recovered by distillation. Tho resulting 
fat is scentless and tasteless, almost colourless, ami absolutely neutral. Itconbiins no 
trace of w’atcr or of nitrogenous matter, and therefore romnins free from all tendency 
to bocomo rancid when kept. 

Tho rancid odour which fats often acquire by keeping,- arises from tho presence of 
volatile fatty acids and other volatile products, which do not exist in thofre^ fat, but 
are produced by decomposition. These substances may be removed by heating tbft 
fat to a ccrbiin temperature. According to Bubrunfaut {Compi. rend. Ixxi. 37) fish- 
oils are entirely deprived of thoir odorous principle by simply heating them torMO , 
and fatty acids distil over w’itli steam when heated above 100°, whereas neutral fat** 
ore fixed under these conditions, Init bchavo liko tho fatty acids when eubmittod_li^. J 
current of steam at 300°-330°. When fat i.s melted in a frying-pan at 140°-160 fl3P« 
then cautiously sprinkled with water, the steam thus evolved carries off with it all tno 
offensive matters, and leaves tho fat sweet. 


SaponificatioQi . — A mcthotl of saponification was described some 
H&ge-Monri&s rend. Iviii. 8C4), depending on the property of fata in the ewM 

emulsion {etat glohulaire) to take up" soda-ley containing sodium chloride wiWQU 

i^S^lving in it. Melted tallow is brought into this state by heating it to 46° 

‘IS to 10 pep cent, of aqueous soap-sol ulion ; and if soda-ley containing common 804! 
then added, and tho action promoted by assiduou.s mixing, tho tallow J 

saponified at tho same temperature in a few hours (2,000 kilo, in three hourfl)'i. At _ 
somowliat; higher temperature, a littlo above 60° C. (140° F.), tho 
thus fornilsd unite into a semi-fluid transparent layer, which doats on ” ■ 
oontaining glycorin; and by decomposing tliis layer with the exact ^ 

sulphuric ocjd required, and prossing tho mixture of fatty acids 
stearic acid melting at tj8°-59° is obtained, together with nearly coloupl^ 

The process is said by its inventor to be rccommendodby th^: rapidity of, 
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l]v‘ Tjcauty of tho products, and the avoidance of loss (the product of fatty acids 
jimoiinting to 96-97 p.c. of tho calculated quantity). According to Do Milly,' on tlio 
Ollier hand (DinffL ^olyf. J. olxxvi. 145), this method of saponification is less advaii- 
tii'Toous than that commonly pracljsed,^ being more costly and not yielding any 
glvecriii. Lcgraiid also {JbitL 151) finds itdisadvantagoous, at hrasfc Ibr llio luaiuifac- 
tiuv of soaps, chieily on Jiccount of imperfect combi nation of tlio fatty acids, an<l the 
coiisequoiit too great solubility and want of durability of tho soiip. 

K Knapp {Dinyl. iwlyt. J, clxxx. 309) has obtainml the following results in accord- 
anco with those of Moge-Mouries. Wlien molted tallow is triUiratcd in a mortar with 
j,tai%*li-pasto and water, a uniform mohilo emulsion is formed, from whicli on standing 
tho tallow separates on tho snrfacu-as a creamy layer. On freeing it from adhering 
fitirch-pasto by agitation witli w’atcr, tho milky mixture appears under tlu^ microscope 
ns un aggregate of very small, globular, transparent liodies, wdth soim^wlnit ragged sur- 
'faco and Iniving usually a, ilianieter not exceeding that of the starcli -granules of legu- 
minous fruits. Tallow, in tho form of this emulsion is quite permanent. Wlieti 
(lilfiiscd in sodii-ley, either concentratetl or dilute (3 p.i*.), it forms in a few lioiirs at 
.tr)O-60'’,inasoraewlnitloiigor time at ordinary tempeiMturos, a cohorunt iloating layer 
of soiip, snmll quantities of iirisajMmiliod fiit remaining however onelosod in it. Jlliero- 
scopic oxfimiiiatlon show's that a rapid interchange of constituents is g^nrig on bet ween 
each individual globule of tallow and tho suriYninding ley, and that the atbiek of tho 
Uy, even wdien it is rather concentrated and tliei*uforc forms a soapy envelope round 
each granule of tallow, noverMiole.ss paiotrates hy ditfusioii into its interior. T]\e easy 
and rapid paponifiaition of fats in tho utricular state depends therefore on their 
microscopic division ; it takes place in the same manner in ethereal solutions, and in- 
stantly in liquids coritiining fat, alkaline-ley, and stiap uniformly dissolved, or wIumi 
the hasn employed forms, not a gelatinous, but a pulverulent or fiocculont s(wip. In 
tlfc ordinai’y .soap-boiler's process, tho fat is likewise emnlsionated at tho beginning, 
r.ml almost completely .‘^iponiliod by prolonged contact in tho cold witli the alkalino 
loy; and if the sntxmificatiou afterwards proceeds hut slowly when lieat is applied, 
thi.s arises from tho eircunnstanco that tho soapy cMivcslopos melt tho individual fatty 
glohnles, and thus destroy tho minute division of the fat. The further action is then 
brought about chiefly by the .solubility of tho fats in the hot soap already formed. It 
appe/tfs therefore advantageous in nil cases that tho fat cniiil.siofiatod by tho alkaline 
loy'jihoiild fir.st ho lefl:, (o itself for some time at a moderate heat. 

.Further experiments by Knapp (JJ-mql, polyi, cxcii. 198) havob'd to tho following 
result p; Tho soap produced from enmlsionaUxl fats hy digestion in the cold, sciparates 
oil the surface of the liquid in tho form of :i cake, wdiich, according to the .strongtli of 
the ley employed, is sometiincs liard ,nnd brittle, somotimes soft and more or less 
liYdratid. After repeated rin.sing the cakes do not dissolve completely in boiling dis- 
tilled water, hut a few drops of the alkaliiie-h?y suffice to render tho turbid boiling 
litinid perfectly clcfir.^ Cukes prepirod from tallow dissolve completely in warm strong 
alcohol, after the subjacent liquid ha.s been saturated with carbonic, acid, with excep)- 
tioii of a residue of sodium carlionate. Tho filtered and evaporated soap-solution 
gives, on decomposition W’ith sulphuric acid, a quantity of sodium sulphate equivalent 
b>U p.c. of anhydrous sodium oxide, that is to say, an amount not diiforing much 
ifoni th.at of ordinary soap, showing tljat tho saponificafion is complete. lu carrying 
out the process on the largo scale, it would be necessary, after removing tho excess of 
ky, to dissolve the soap-cako at tho boiling heat, without jjreviously rinsing it, so tis 
to obtain a clear solution at onco. For tho preparation of tho emulsion, mucilaginous 
juibsbinces, siicli as gum, would bo too costly ; soap is better adapted for tho pmqwse, 
lut the ch.aiigo is most advantageously ofifocted by means of tho caustic ley whicli 
fiprves for the saponification. It must be diluted wth very pure water, which may bo 
u ilod to it in any quantity -without producing turbidity, whereas water containing 
comiaon tjalt, acids, &c., iniraodiately causes tho separation of white flocks which rise 
(Irl thick cream. Excess of ley must especially bo avoided, as it 
vpc'^i to the* surface. In saponifying solid fats, tho containing 

•^ei and tho water must of course bo rai.sod to tho melting points of tho fats. 

fat V Fodder . — The quantity and elementary composition of the 

wow straw’, &c., has been determined by J, Konig (Land- 

in xiii. 241). Tho fat was extracted by ether, and 

which oxidise quickly, both tho seed and tho etherc^ extract 
lil-s * ^ stream of hydrogen. Tho ethereal extracts, except in tho cnfiio of the 

iuvoiv ’ from chlorophyll by moans of animal charcofil. This treatment 

es a Blight lose, rs the charcoal obstinately retains a small quantity of fat: — 



Tatilk a. Quantity of Fat in Seeds, (K 8 n i g.) 


1 : — 

Fat per 

I'oiit. ill 

frcflh siib- 
stanco 

Fab per 
cent. in 
dry 8ub- 
Htoiice 


Fat per 
cent, in 
fresh sub- 
stanoo 

Fat per 
cent, in 
dry Hub. 
Htnnoe 

Linseed .... 

31*0+ 

35*21 

Rye 

1*35 

1*44 

Rape seed . . . 

41*00 

45-49 

Wheat .... 

114 

1*23 

Hemp seed . . . 

32-37 

35*25 

Oats 

4*04 

4*53 

Poppy seed . . . 

40*07 

43-39 

Barley .... 

1*51 

1*59 

Beech-nut . . . 

23*08 

28*18 

Maize .... 

4*47 

4*85 

Palm-nut kernel 

48*07 

52-85 

Lupine .... 

5*20 

6*10 

Earth-nut . . . 

51*51 

55*25 

Peas 

•81 

•93 

\Vliito sesamii . . 

49*31 

52-50 

Beans .... 

•83 

■90 

Black sesame . . 

46-02 

49*28 

Grass hay . . . 

1*39 

1*52 

Cocoa-nut . . . 

64*48 

67*76 

Clover li!iy . . . 

1*43 

1*61 

Madia seed . . 

37*32 

40*44- 

Rye straw . . , 

•76 

*83 

Cotton seed . . 

19-49 

21*72 

Oat straw . . . 

*81 

*88 


Tlio fat obtained from the purified ethereal oxtmot is, in the case of hay, a mixture 
of fat and wax. These may bo separated with tolerable accuracy by dissolving the 
crude fat in hot absolute alcohol, the wax then sopai-ating on cooling ; it is was*]io(l 
with cold alcohol, and weighed. Among the soods examined, rye alone conbiined un 
appreciable amount of wax. Dry fodder gave the following percentages of fat aflil 
wax : — 

Table B. (Konig.) 


1 Fut 

i 

Wttx 


Fat 

Wax 1 

Meadow hay (moanl | ^ 

of five samples / ; 

•45 

j Rye straAV . . . 

*52 

*31 

; Oat straw . . . 

*56 

*33 

Clover hay . . . | 1*23 

*38 

1 Rye grain . . . 

1*35 

•09 


The elementary composition of the various fats was determined from fats puri- 
fied by treating their ethereal solution wiUi animal charcoal. The lupine fat ■was 
further treated with hyvlrochloric acid, and again exhausted with ether, to separato 
the alkaloid which it contains. In table C (page 507)i tho fluid or solid nature of 
the fat is indicated by the letters/* and 5. 

TInj percentage composition of the various fats agroos iu most cases with tliat of a 
mixture of tho 3iroo glycerides : — 


Triolein .... 77’38 carbon. 11’76 hydrogen. 10*86 oxygon. 

Tristenrin . . . 70 85 „ 12-36 „ 10*79 „ 

Tripalmitin . . . 75*93 „ 12*10 „ 11*91 „ 

Rape oil gives an unusually high proportion of carbon ; this arises from its contain- 
ing the glyceride of braasic acid. Karth-nut fat apparently contains fatty acids low 
in the series, as tho fats known to bo present, namely, palmitin, arachin, and hypo* 
giein, have all more carbon than was found on analysis. Palm-nut kernel fat is pro- 
bably rich in some of tho lower fatty acids, as indeed is suggested by its odour. 
Cocoa-nut fat is known to contain tlie glycerides of capric, capiylic, andcaproic iwiosi 
the presence of these accounts for the low amount of carbon found. The 
erf oat, maize, and lupine oil had become somewhat oxidised by exposure to sir. 
oil of maize is apparently a drying oil. *nfid 

The fats of the seeds of oats, rye, taros, and linseed, have been further 
by Konig, Kiesow a. Aronheim {Landw, Verauchs^Stationen, xvii. 1). The 
saponified with lead oxide to remove glycerin, &c.; the watery extract 

plaster treated with ether to remove lead oleate ; and tho residjml Iw » 
'were decomposed with acid and extracted with other to obtain the solid acMw* 3 


tho lo^ plaster treated with < 
were decomposed with acid a 

tins treatment 100 parts of the several fats wore found to yield : — 

Oati Bye Tores 

Oleic acid 60-6 91*6 96-8) 

Solid acids 36*7 8'1 2'Ii 

Soluble in water, glycerin, Ac. . . 2*8 1’3 


Llnierf 

loa-B 

■-IH- 
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Tahlk C. Elementary Composition of Vigeiable Fats. (Konig.) 


o 

J 

ti 

goiu-ceof fat 

C. 

11. 

0. 

1 s 

'■H 

[t 

Source of fat 

C. 

n. 

0. 

f 

IjiTi.scod\ . 

77-40 

11-10 

11-50 

1 * 

CJoco.a-nut . . 

74-16 

11-72 

14-12 

P'»ppy . 

70-57 

11-41 

12-02 

/ 

Kyo .... 

76*71 

11-79 

11-50 


Hemp seed . . 

70-00 

11-30 

12-70 

1 ” 

Who-.it . . . 

7719 

11-97 

10-84 


Kape sued . . 

7804 

12-04 

9-92 

i./> 

Barley . . . 

76-29 

11-77 

11-94 


Hiecli-nut . . 

76-65 

11-47 

11-88 

/ 

Onts .... 

75-67 

11*77 

12-56 


Madia seed 

77-23 

11-41 

11-36 


Maize . . . 

7570 

1 1 -43 

12-78 


White sc.siiinc . 

77*38 

11-59 

11-03 I 


Lupine . . . 

75'94 

11-59 

12-47 


black sesatiK! . 

70-17 

11-44 

i2-3a 


Peas .... 

76-71 

11-96 

11-33 


Cotton .seed 

76-40 

11-53 

12*27 

,, 

l$ean.s . . . 

77*5() 

11-81 

10-69 

.S' ! Earth-nut . . 

76-73 

11-57 

12-70 


Potatoes . . 

7617 

11-85 

11-98 


Palm-nut kcr- 





Mangolds . . 

7612 

11-69 

12-19 


nel : — 

1 

1 


./* 

Rico meal . . 

76-17 

11-51 

12-32 

/ 

ia, s<il. in col(l| 
t alcohol . .1 

73 0.3 1 

|ll-04 

15-33 







little sol. ill} 

( cold alcohol/ 

75*23 

11-83 

12-94 



i 1 

1 


. Portion soluble in cold alcohol 

- 

Portion scarcely soluble in cold 

1 alcohol: — 

,/■ 

Meadow hay . I70*13 

11-17 

12-40' 

s 

Meadow liav . 

8170il3 70 

4-60 


(Mover bay . ,77*14 

12-78 

10-08 


Clover bay . . 

82-5() 

13-26 

4*21 

n 

Ryo .straw . . 

77*39 

l‘2-30 

10-31 


liyo straw . . 

80-17 

12-46 

7-37 

'Oat straw . .' 

78-GO 

12-30 

9-01 . 

» 

Oat straw . . 

83-54 

13-85 

2-61 

; Pea straw . . 

71)*29 

12-77 

7-91 : 

*’ 

.Poa strau' . . 

83-61 

14-24 

2-25 


No glycerin could be detected in the first three fats, and the quantity of solid acids 
in linseed oil Mas hut small. Tho eloineiitary eomposition and molting point of the 
solid acid indicated in each case a niixturo of palmitic and stearic acids. The ncids in 
the lat of oats, and tnres, must be present almost entirely in tlio free state, a 
small portion being probably combined with chi orosteriii ; and linseed oil must contain 
a p()nsi(icrablo proportion of frcjo acid, as 5*2 p.c. glycerin is equivalent to only 42*7 p.c. 
of linoloic acid, if present as trilinolontc. 

Tho fat of meadow Jin y extracted by ether may be soparnted by cold alcohol into 
a fluid soluble portion, and :i solid waxy matter which is insoluble. Both these fats 
saponify in great part when treated with alcoholic potash; and tho resulting soaps, 
dei’omposfid in the usual way, yield ccrotic, pilmitic, and oleic iicids. 

" he unsa})oiiifiud portion of tho waxy matter liwitod 'with benzoic acid to 200° in a 
sealed tube for several hours, is resolved into a hydrocarbon and the benzoic ethers 
oisovcral fatty alcohols, viz. eery 1 .alco hoi C”H“0. an alcohol of tho samo species, 
I'rohibly C*ill«0. c holes tori n and a fluid alcohol which forms 

iwUi benzoic acid an ether liquid at Quinary temperatunjs and easily soluble in 
i^tsoluto alcohol; tlie fluid alcoliol is readily oxidised by chromic acid mixture to 
aettic jickI nnd an acid which molts at 20° and contains 73-57 p.c. carbon and 12-41 
.vurc^en. The hydrocarbon gave by niia1y.sis 84*96 p.c. carbon and 16*28 p.c. hydro- 
Stefi nearly with tho formula, but not improbably consisting of 

straw conltiins tlio same acids as that of hay. Tho portion soluble 
fv'. . wntiins tho same fluid and solid alcohols as hay-fat but not the hydrocarbon 
Kiv '^ V- Eandw. Versuchs-St. xvi. 47 ; i)ciU, Cheon. Ges, Ber. vi. 600, 

Aroiiheiin, loc. cit) 

xy .Sestibilityof the Fat of Meadow Hay, see E. Schulze (Xandu*. Versiichs-St. 

Q xyi. 329 ; Chem, Soc, J. [2], x. 1037 ; xii. 85). 

Bicistn ^*^nneiico of the Addition of Fat to tlio Food on its Digestibility, see Hof- 
^^^{Landw. Virmclis.St. xvi. 347 ; Cltem, Soc, J. [2], xii. 83). 

AC JDS. Occurrence in Wood Vinegar. — According to Barr6 {Cong^, 

tho crude acid obtained by the dry di.stillation of wood, contoins, 
•''cctie acid, small quantities of formic and larger quantities of propionic, 
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butyric, valeric and caproic acids, these latter separating as an oily layer on addini? 
Bulphiiric acid to the difficultly crystallisable mother-liquor of the sodium acebito. ^ 

In Hmigarktn FtfSti~oil.~A sainplo of vino fiisd-oil froiii Pesth having a dark Iinofc 
colour and a strong nauseous odour, ■when freed by distillation from water, ctlivi 
alcohol and aniyl alcohol, left an acid residiio (a littlo more than half the original 
liquid) wliicli was found to contain caprio acid together wh-h a littlo caprylic and 
perhaps cenanthylic acid ; no pclargonic acid (Grimm. Ann. Ch, Vharm, clvii. 264). 

For the nuxlo of soparatioii seo Capric Acid (p. 249). Tho same acids were found 
by FiscluT in crude imianthic ether (iy. 174). Capric acid has also been found by 
Eowney in the fusel-oil of tho Scotch distilleries (ii. 753). 

Preparation from the. Soa^g Waters obtained in the washing of Wool. — Those waBh- 
waters are acidulatcMl with sulphuric acid — on tho average oOlbs. sulplinric acid of 66° 
llin. to 7,000 litres of liquid. The separation of the fatty acids is facilitated by warming. 
Tlio fatty mud thus obtained, containing on the average -100 lbs. of solid niattorid 
7,000 litres of water, is pressed after draining off the water, first while cold then when 
hot. The quantity of fat thus expressed amounts to only 100 lbs. to 7,000 litres of 
w'ater, w’hilo 200 lbs. of the mud remains as press-cake. Tho fat is clarified hy boil- 
ing with dilute sulphuric acid and subsequent washing with ivatcr, and bleached liy 
treatment with potassium chlorate or with potas.siiim cliromate and sulphuric acid. 
Tho mixed product of solid and liquid fat may bo used as such for soap-making ; or It 
may bo separated, by slow cooling after fusion, into the solid and liquid portion, and 
tho two used separately for lubrication, soap-making, &c. Tho press-cake still contaiiiH 
o4‘74 p c. fat and 22'37 p-C- of other or^^nic sub.stanccs ; it is said to bo applicable 
cliiefly for gas-making (Marker a. i^chxXzio^Dmgl.poIgt . ./. cxcv, 173). 

Prcjiaration of solid fatty acids without distillation. — Solid fatty acids may be jiri-- 
pared in a short time without distillation, hy treating neutral fats with 2 p.c. of .stil- 
phiiric acid. Tho black mass thereby formed is soluble in oleic Jicid and nuiy bo 
H(!paral.od, together with this latter, by prc.ssurc. If tho fatty substances bo mixed 
with water, the addition of the acids produces at first a slight coloration which afttr- 
wards disappears; and if tho addition of acid bo continued till tho colour bocomfS! 
permanent, a solid perfectly white mass separates, from which tho acid may bn 
separated by decantation. Further addition of acid and boating converts this solid 
m.iss into charcoal, no longer soluble in tho fatty bodies, which melt and float on thu 
water (Bouis, Dent. Chem. Gcs. Her. ii, 79). 

TB&SFAR. Orthoclase and A I bite. — Tho following Bnalyses of thesn 
minerals from tho granites of Scotland are given by S. Haughton (Phil. Mag. xl. 69). 
a.~d, Orthoclase \ a. From Stirling Hill, Peterhead: sharp opaquo flesh-coloured 
crystals with a coating of albitc. b. From Kubislau, Aberfleeri : flesh-coloiwod opaque 
crystals associated with white mica, from a granito not conteining albite, which in 
contradistinction to tho eruptive granite of Stirling Hill, is designated as ‘metamor* 
phic.’ c, Pctorciilten, Aberdeen : largft white transparent ciystnls from *motamorphic 
granite, d. Callcrnish on tho west coast of Lewis : largo grey crystals with a tinge of 
ilcsh-colour from inetamorphic granito. c. Albite \ clearly translucent, spotted on 
the surface with ferric oxide ; occurs as a emting on tho orthoclase a. 



SiO= 

Tvro* 

Po--0' 

CaO 

MgO 

Ka“0 

K=0 

n"o 



a. 

66 10 

1904 

trace 

0-22 

trace 

3-63 

11-26 

0-20 


99-75 

b. 

64‘44 

18-64 

0-80 

0-66 

trace 

2-73 

12-15 

0-80 


10022 

c. 

64-48 

20-00 

— 

1-01 

trace 

1-72 

12-81 

0-64 

n 

100-66 

d. 

64-48 

20-00 


0-78 

— 

2-19 

12-10 

0-08 


99-63 

c. 

6800 

20-00 


0-35 

trace 

10'88 

0*68 

— 

sa 

99-91 


AlMte and Orthoclase from Harzbtirg. (A. Strong, Jahrbuchf. Mifteralodvii 18< • 
715.) — ^These tw'o minerals occur in the graphic granite of tho Eadauthwj 
ilarzburg, Tho rdbito is found — 1. Crystallised in druses, mostly i*nplsDW“ . 
orthoclase in parallel rows. 2. Imbedded in tho orthoclase in distinct lay« 
parallel to oP, partly to odPgo . 3. Intergrown with orthoclase in 

nisable only by the microscope, the lainollic Iming partly parallel to ^ tijig 

to (ooPflo). 4. As an independent constituent of tho -nenils, 

case also intergrown with small quantities of orthoclase. Thin slices of both iw 
when examin^ by the microscrjpe, are seen to bo interspersed with 
or greyish-blue, granular, and extremely thin brown-red lamella m 
mineral or minerals. Tho lamellse probably consist of iron-glance oorpeu’ 

The albite crystals are mostly twins, having their axis of. 
dlcular to the brachypimicoYd oofoe, voiy rarely parallel to the PI*”® 

Simple crystals are, however, also found, not exhibiting any re-;0ntenp$; J 



FELSPAR. 


509 

dlgcs. The ciyslals »« mostly combinations of tho faces es P/, go ,P, oo/P3, eo P/3, 
„p. ggfoe.afgo (occurring ns a truncation of the acute edge oP/: ojf oo ),,P^ oo 2,P,go , 

:in‘l A- 

Tiio facts oP and ooPoo are mostly predominant, the prismatic faces subordinato, 
•sriiiK't imos, liowovor, equally developed with the other faces. Tho eight prismatic 
liiccs are never pi'cscjiit altogether. Tho ciystals are white to colourless, hare a strong 
lustre, and are IraiisluCGiit to transparont. Sp. gr. = 2-609 at 12°. 

The analysis ot this albite showed that it is a mixturo 20 mol. piiro albito (sodio 
fcli^pir), and 1 mol. .inorthito (calcic felspar), or 94-85 p.c. albite and 6*15 anorthile. 


SiO- . 
AP0=* . 
1V0» . 
OaO . 
MgO . 
K^O . 
Na«0 . 


Colo. 

Pound 



Cule. 

Found 

67-40 

67-75 

Or: 

Si . . 

. 31-69 

31-86 

20-43 

18-42 


A1 . . 

. 10-92 

9-85 

— 

2-08 


Be . . 

. 

1-52 

1-03 

0-92 


Ca . . 

. 0-74 

0-66 

— 

01 4 


Mg. . 

, — 

0-08 

— 

0-38 


K . . 



0-32 

11-14 

11-81 


Na . . 

. 8-26 

8-76 

100-00 

100-00 






The orthoclasc occurs in drusy cavities of tho graphic granite, in crystals from 
1 to 2 indies long, and of simple form, exhibiting mostly only llic prismatic face oo P 
aud thu throo piimcoids. P oo is rarely visible. Tho mineral is groyish white, opaque, 
and dull. Annlysisgave— 


Or, 


AI-'(.V‘ 

Fe-'O^ 

CiiO 

M^O 

Jv-0 

Na^O 

20-10 

104 

0-55 

006 

9-27 

4-77 

A1 

Fc 

Ca 


Iv 

Ka 

10-91 

0-81 

0-39 

0-04 

7-78 

3-54 ^ 

give- - 


ini'- ; 

: : 1 

Si = 1 

: 1-15 

: 6-81, 


101-40. 


blowing tliat tho ortlio(?lnsc in question is very impure, since for pure ortJioelase tho 
pilio is 1 ; 1 : G. If tho impurities be regarded as iron-glancc, .ind tho iron be.-iccord- 
inply loft out, tho ratio becomes 1 : 1*07 I 6-84, wliich docs not differ much from that 
of iiure orthoclasc. Tlie ratio <ff tho alk.-tlis and alkaline earths shows that tho mineral 
IS a mixfunj of about 6 molecules of pure orthoclaso with 5 molecules of a sodio-calcic 
Ulspar coutaitiiiig but a small proportion of calcium. 

J*V*™ncral from the augitic granite of tho Kndaiithal described by Fuchs {Lconh. 
f V ; 1802, 789) as oligochiso, Jind containing 66-83 p.c. SiO*, 20’46Ai*O* with a trace 
of re-O*, 0-7lCaO with trace of MgO, 6*94K*0, and 6-89Na*0, appeai-s rather to bo 
ail albite rich in potash, since tho proportion of lime is much too small for oligochiso. 

vlrthoclaso from Film, in which G. void. Bath found 3-40 p.c. Na"0 to 11-93 K*0, 
T'Jis also found by Streng, on microscopic examination, to bo iiitersectod by lamellae and 

small crystals of albito. 

Ihc following orthochiHcs and mixed orthoclastic felspars have boon described and 
' 1870, 890; Poffg. Ann* cxlW. 375, 

ocp ^ oi' yellowish Orthoclasc j'rotn S. Piero in W.ha, — Characteristic forms : 
oocnr T r ‘ The crystals are mostly simple, but twins likowiso 

prodii laminae of albito give the crystals the appearance of perthito, and 

•^elfctS phenomena of -weatlicring, resulting in a corroded appearance. 



SiO'* 

64-64 


AV-'O’ 

19-40 


KH) 

11-06 


Nn=0 

3-40 


09-39 


1 , to he inter- 


found by Streng (toe. cit), on microscopic examination, 

(2^ crystals of albito. 

largo’ from BoUon in MassachiiHctts . — This mineral is accompanied by 

‘Irusv titanite. The surface of the crystol is rough, 

u of a. yellowish colour, tlie interior pure wdiito, somi* transparent. The 
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cleavage faces OP and ( ooPoo ) are slightly curved, but ivithout any trace of ui 
Btri.-ition or albite lamellfc; colour and lustre similar to those of adularia. iSn 
2'686. Loss by ignition 0-05 p.c. _ - ^ 

A very similar felspar, accompanied by line crystals of aiigite, seax)olito, and Ut;i 
xiite, is found in tho rioighlK}Urhood of Liana, Lewis City, New Jersey, 

(3). From Pargas in Finland^ Jilso accompanied by augite. The crystals are some 
times 2 centimeters long, but inostly much smallor. They are white, ami covera 
with a dull white crust of milky aspect. The edges are rounded. Sp. gr. 2*,576. l^g. 
by ignition ()-13 p.c. 



SiO^ 

AW 

CuO 

^UsO 

K^O 

Xa-O 


(1). . 

. 64-64 

39-40 

— 


11-95 

3-40 « 

9939 

(2). . 

, 65-23 

19-26 

0-42 

— 

11 80 

2*98 « 

99-69 

(3). . 

. 64 96 

19-40 

0-49 

0-25 

1 2*80 

2-32 « 

100-22 


All three .'in alysos agree nearly with the coinposit ion of an orthoidasu contfiiiim^ 
3 at. K to 1 at. Na (or a luixtiire of 3 mol. potash felspar to 1 mol. albite), which 
requires 6o 5fi SiO-, 1873 A^-0^ 12-87 K'-O, and 2*82 Nii-0. 

The two folloTiving ortlioclastic felspars exhiliit abnormal composition, and should 
perhaps bo regarded as mixtures of orthoclaso, albite, and anorthito. 

(•1). Felspar from the Syevite of Laur rig.- --Thin mineral is tbe principal constituent 
of tile remarkable rock wliicli cxtiuids along tho co;ist of Norway from the Jjaiigcsuud 
fjrml to tlie Christi.'inia fjord. Tho crystals are bluish to brownish gro}*, and exhil>It 
a coin^xisito structure. A thin sertioii parallel to OP appears, even by oiilinary lljL^lit. 
as an intimate combination of curved lamelbe, exactly like tho iiitorgrowth of ortliD- 
claso and allnte oxliibitcd in perthitc. In polarise<l light this striation of the surfiu-i 
is much more evident, the lanielUc which .'ire inserted nearly parallel to the ortlio- 
pinacoid exhibiting a v.-iriety of brilliant colours. Sp. gr. 2 G19. Loss by ignition 
0-.31. Analysis gave numbers agreeing appro.ximatsly with a mixture of 1 mol. ortlio- 
cluse, 3 inol. albite, and 2 rnol. anorrhite: — 

HiO* A1“0^ CaO MgO KH) Na“0 

Analysi.s . . 02-81 23-21 2*60 0-07 4-23 7-54 = 100'46 

Calculation . 62 48 22*94 4*16 — 3-50 6*92 « 100 

(5). Felspar from the Syenite of Monte Montoni (Toal, near Bizzoni), J.'’a88.-i. - 
This felspir forms tho predominating constituent of tho 1>oautiful coarso-graiued syenite 
which in some places may bo regarded as of more or loss pure felspathic constitution. 
Tho light-grey felspar occurs in grains J to 2 centimeters in diameter, together with 
small quantities of black hornblende and a very few small granules of tifcinite. Micro- 
scopic ezaminution in jxilarisod light .showed that this felspar also contained a quantity 
of small grains of plagioclaso imbedded in its substance. No striation was, however, 
visible, the granules of plagioclaso being merely intergrowii with tho orthwlaso in 
pamllol directious, but otherwise irregularly. Sp. gr. 2’66d. Ia)ss by ignition O ofl 
p.c. (the mineral splits when ignited). 

Analysis gave the following numbers, agreeing closely -with the composition ot rt 
mixturo of 6 mol. orthoclaso, 4 mol. albite, and 2 mol. anorthitc : — 

,SIO* A1=*0" CnO K*0 Na»0 

Analysis . . G3-36 21 18 1 66 889 4*91 = lOO 

Calculation . . 63 96 20*78 2*06 8-66 4*65 == 100 

Tho somowlmt considcrablo quantity of lime is accompanied, m in tlus 
ifelspar, by an incroasc in the proportion of alumina nnd u deCTcasein 
tlthich is in accordance with the supposition that tho plagioclaso mixed with - 
felspars is a mixture of albite and anorthito. Other orthoclastic felsnaw, Joxociaw 
example, containing lime with a large proportion of soda, are probably constitu c 
a similar manner. ^ 

Triclinic {sodio-calcic) Felspars, — Those felspars, viz., albite, 
andesin, labradorite, and anorthito, form anisomorphous group, tho end-terms o 
are albito nnd anorthite, tho former being a pure soda-folspar, the latter a pu 
felspar, whilst the others are isomorphoms mixtures of^^ese two, 
physical properties and chemical composition to tlie one or tho Other 
soda or too lime predominates. This view*, first suggested by furth*?' 

haiisoq {Ueher die vulkanisckcn Gesioine in SicUim u. Island, J8p3), mi . . 
dereloped by Tschermak {Wien. Akad. Her, 7 {1 abth.], 566 ; |g7J, 

lately been corroborated by the obsor\'ationB of Strong {JaM* / t 

598 and 715) and of G-. vom Hath {Pogg, Ann. cxliv. 219). 
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fjtcstig observes that the composition of albite and anorthite may be represented as 
follows:— ^ _ Ctt"*!-**. Ca"d«'' . Si«0'‘ • 

Albito .... Na»iW’‘ . Si» . Si‘0'* 

atomic eroup CaAl in anorthito being equivalent to the group Na*Al in albitt', and 
tho second group CnA 4 in tho former to Si* in the latter. 

Tho lormul® of tho two minerals may also be written as follows : — 

Anorthite . . . . . . Ca''»Ad'» . A4Si*0>“. 

Albite Na'»Si'»* . AlSi* 0 >*. 

The eenoral formula of a soilio-ca-lcic felspar may then bo written in the form 
in which n is a fraction intormocliate between 0 and 1, 
whose dciioniiiiator shows tho number of molecules of albite which aro present in the 
iiuiiibor of nioloculos of any other trielinic felspar denoted by tho numerator. 

These forniulic must nob bo looked upon as constitutional formulie, but merely as in- 
ilienting that equivalent groups Ca^rU, Na-Si^ play an nnalc^ous pirt in tho two com- 
pounds. Amilysis shows indeed — and this is the chief chomicjil argument in favour of 
the Ihcory— that, an increase in the proportion of lime in a sodio-calcic felspar is at- 
tiiiidcd with ail increase of tho alumina and a decrease of the silica, while, on the other 
hand, an ineroasod proportion of suda is attemded witli a diniimitiuu of tho alumina 
mill .-in increase of tho silica; also that a dciinitopro}X}rtion of lime to soda corresponds 
ill nil iMses with a definite amount of silica. 

Thu crystfillograpliic differences betwfcen tho Uiroe most important members of tho 
series of sodio-calcic felsjiars, viz., albite, oligoclase, and uiiorthito, are shown in the 
j'oUowing tabic, in which 

c denotes the principal axis ) 

A tho inclination of tho axial planes ah^ ac | 

31 „ „ ah^ he I in the riglit 

C ,, „ at’, be }• upper 

a the angle belwocn tlio axes 6, c | octant. 

., ,, Uf c \ 

7 „ * J 


ft : 

h : c 

|l A 

B 

° i! ■ 

1 1 
J J 

y • 

0-6281 : 

: 1 : o-doSG 

II 93°36' 1 

Albite. 

1 11G®18' 

1 89®18' [■ 94022 ' 

j 116024' I 

87°26' 

0-6322 : 

: 1 : 0'o52d 

Oligoclatc from Vceuohis. 

II 0.-J'’28' 1 118°13' 1 91®86J' || 93<»4J' 

1 n6®23' 

-s 

0 

e 

o» 

0-6311 ; 

: 1 : 0-5o0i 

II gdoio- 

AnorthitCi 
j 116®3' 

1 92034 ' || 93013 ' 

j 1I6®55J'|91®12' 


fhe values of A and B, as also those of a and P, are nearly the same in tlio three 
nuncrals, the chief differences lying in tho values of C and 7. These differences, how- 
uvur are not grentcr tlian those exhibited by many other isomorphous substances which 
jro (yqaljlo of crystallising together. It must be observed also that tho magnitudes of 
■ therefore also tho I'atios of the axes, arc not constant, even- for one 

Vtl '***''^” uiystal, but Avniy with tho temperature, and that bodies are conij[\irablo 

1 lit * •'^notber, as regards their physical properties, not at the same tempeniturcs, 
til equally distant from their melting points, which dififer grojitly for 

liip. 1 felspars. Wh^ a triclinic crystal is heated, not only the angles of tho 
1 ** their paimnetric relations, ore altered, ns also the angles of the 

9Qo‘ . and of the axes. If tho angle of the axes a h in oligoclase, which is nearly 

ou ! in either direction by boatinff, it will bo altered in tho opposite manner . 

«-uoiing, the angle in question becoming in the one case more acute, and causing the 


« U aBAl*. 
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form of tlie crystal to approximate to that of albito; whilo in tlio other caso it 'ftilL b. 
i'omo more obtiiao. and nearer to that of unortliito. ^ 

Ijfistly, tho mode of formation.of its twia crystals shows that oligoclase is inter 
mediato between albito and aiiorthitc. In aiiortliito tlie axis of combirifitiou is 
parallel to the maerodiagonal ; in al bite it is pcrpoiidicMilar'to the brachydingoniil 
while in oligoclase it is sometimes in the first direction, soniotJmes in the second. 

This view of the constitution of Iricliuicfclspirs is further supported by the crystiillo- 
grapliic despription and chcniieiil analysis of nine of these niluerals from iliflbreiit 
localities lately published bj- G. Vom. Hath (Pot/ff. Ann. cxliv. 219). 

a. A^idesin from Vesuvius : identical in crystalline form with tlie formerly-described 
oligoclase fiv-su the same locality. - ■ ■ 

If. Oligoclase from Nicdcrmcndig^ 

r. Oligoclase from a tourmalin rock in the Vcltlin, from a coarso-grained mixtinv of 
black tolinnalin ami quartz. TJio oligoclase appears in crystalline grains an inch in 
diameter, having a bluisli-white colour and u fine, distinct striation on the facep. 

d, Amlesin from the homblende-molaphyro of Monte Mulatto, near Predazzo : vm' 
distinctly stiiatcd on oP. 

t’. Awlcsin from the diorite poiqdiyry of Fr^jns (Dop. du Var). 

f. lAihradoritc from the diorite of the Vcltlin : a coarse-grained mixture of distincLlv 
siriatod pbigioclase and blackish-green hornblende. The labradorite is bluish-wliilJ, 
and translucent wlicn frt;sli ; snow-white when someA\ hat decomposed. 

g. Lahradoriic from the porph^Tito of the Tan nbergllml (near Schdnockin iIioSjix'j:! 
A’<dgtiand). Nearly transparent and colourless crystals, sometimes 3 centim, 
acconiiuiniod by red orlhoclaso, roundish red qinirtz-grains, and iron pyrites. 

h. Labradorite from the dolorite of HafnoQord in Iceland. This mineral which. bj- 
gctlicr Avith augite, constitutes a doleritic hiA’a, the so-called KlolthiAm of Iceland, was 
called HafntfjordUe by Foreham mor, who regarded it as a (listinet species : but his 
analysis, which gave Gl'2 p.c. silica to 8*8 p.c. limp, appears to have been made on au 
impuve specimen. 

u IHagioclase (oligoebaso) from the basalt of tho Ilartcnberg in the Siebengebirgo. 
This felspar which contiiins a much larger proportion of pobisli than any of tho pre- 
cciiing, may bo regarded either as a mixture of nibite (8 mol.), anorthitu (3 mol.), and* 
ortlioclaise (3 mob), or of 3 mol. of an albito rich in pota.sh and 1 mol. anorthite. 

Tho follOAving tiiblo contains the i*esults of the analyses of the nino sodio-calcic fol- 
.spars ahoA'o specified. TJkj small figures denote tho percentages of sili&i, &c., as cal- 
culated from the formulae ; — 


Comjwsilion of Sodio-calcic Felspars, 
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The composite nature of these folspars is indicated by the striation of some of their 
ticcs, which would naturally result from the juxtaposition of a number of thin lamollacj 
of two different minerals. ^ 

Two sodio-calcic felspirs from the Ural, analysed by vom Rath {Pogg. Ann. cxlvii. 
;J74), exhibit a similar constitution : — 

“ a.’oiigoclaso from Schritansk near Miirsinskf -where it occurs in elofts in Ibo 
(rruDite wliii-li formerly yielded the w’oll-knowii red f ourmiilincs. The crysfcil exaniincil 
Jiousured 3 or 4 contimotors in its several dimeusionH ; it is terminated at both ends 
by tlio cloavMgo-faccs oP. It is transparent and tfolourlcss, whicJi is seldom the ca.'io 
vith sodio-calcic felspars, ,'iiul is more like iidularia and some varieties of saiiidinc, in 
not exhibiting the twin-strisition jiarallel to the brachydi agonal which is usually seen 
intricJinic felspars. gr. 2-64:i (;it 18°). Loss by ignition 0 38 : - 

SiO“ CaO K-Q KirO 

63-83 22-58 3*42 0-06 1 02 8-88 = 90-77 

Oxygen ratio: (CaO -I- K-0, N,a-0) : APO® : SiO^ = 0-985 : 3 : 9-687. In com- 
pwition this mineral is more nearly related to the oligoclase from the tourmaliiio-rock 
o!'rh(! Veltliii than to any other of the nine triclinic felspars, and, like the hitter, may 
l;o regarded as a mixturo o( 5 ])arts by weight of albite ami 1 part of anorthite. 

1). Ando sin I’roiii t,ho Uvelka mountain no.ar Orenburg: a fragment 7 Conti met: r.s 
i<jiig :nid broad, 2.i oeiitimoters thick, marked on the very perfect cleavagc-faco oP, 
v'wU ;iii »-xlreinoly fine stri.atiori, which, however, does not cover the whole fsuji?. Tlie 
.liiiicpal is frnsh, translucent, white, reiidisli in some parts from admixture of a small 
tiiMuiily of ii-on -glance. I'ho felspar is intergrown with grey quartz and black mica, 
tiir latter being soiuotimc.s interlaminatcd in a peculiar manner parallel to oP. iSp. 
gr..2'0dl. Loss by ignition ()-33 : — 

Ai=o=‘ ivfp i:^lO K-o Nil-0 
60-31 24-39 0-18 5-.56 073 8 44 « 99-64. 

Ddilncting the ferric oxide, which probably belongs to the iron-glance, the oxygwi- 
ivitio is 1 025 : 1 : 8-478. 

This aiidc.siii is most nearly related to that from tho molaphyro of Monte Mulatto 
Hour PrcdH/.zo (p. 512), and, like the latter, cannot be exactly represented in com- 
jKisition by a niixtiu’o of albite and anorthite. If wo start from tho proportion of limo 
and alkalis shown by tho analysis, the proportion of silica comes out rather too liigh 
fur such a mixture ; and if, on tho other hand, wo start from tho ubsorvod quantity of 
dlica, the calculated quantity of the linio is too great in proportion to that of tho 
toda. 

Tlaniinclsborg has lately pointed out that tho analysis of every sodio-calcic felspar 
dc’lds two at omic ratios, namely, that of AP ! Si and that of Jfa ; Ca. Ho desigmireS 
iis normal aimlysos tlioso in w'hich theso two ratios Ic.ad to the samo result. It is only 
however, in about 10 p.c. of tho analyses discussed that this condition i.s ex.-ictly ful- 
filled ; in 10 p.c. the two ratio.s ItMwl to nearly tho .same proportion of .albito and 
finoi-thite, while in tlio remaining 50 p.c. the calculation founded on the ratio Ca : N_a 
hiids to a result essentially different from that which is founded on tho ratio Al- : Si. 

Tho sinalysis of the Sclieitansk folspiir gives AP T Si = 1-484, correspond ing w-itli 
ii luixtuvo of 5 mol. albite and 2 vol. anorthite, which requires C.a I Na = 1-6. Now 
die .'in!ilysi.'<, after conversion of tho potash into its equiyalent quantity of soda, gives 
til : Na 1 = l*o02, showing that this mineral has the normal constitution of a sodio- 
i-iilcic felspar. 

hi the Orenburg ininer.‘i], AP : Si — 1-426, corresponding w-itb 6 mol. albite + 4 mol. 
aiiorthito, w'hich requires Ca : Na = 1 25, whereas the analysis, after conversion 
Ml into tho equivalent quantity of soda, gives Ca I Na — 1-290. If, on tho 

‘ pw hand, we start from this, tho ratio Al* : Si bocoines = 1 I 4*367. The Orciiburg 
iMuoral^ belongs, therefore, to those sodio-calcic felspars in which calculation from the 

y ratios leads approximately to tho same re.sult. 
f 1 (J. pr. CAe?n. [2], vi. 197) objects to tho mixturo theory of tho sodio-cakic 

following roiisons: — 1. Tho striation peculiar to plagio- 
fron ^*ot always observed whero it might be oxpoctod to occur; orthoclasu 

diow ' of Laurvig in Norway, containing a l.-irge amount of soda, does not 

1 fho plagioclaso from tho basalt of tho Hartcnbcrg in tli^ 

dnse ” 0 ’ though very rich in potash, exhibit any traco of admixing of ortho- 

th&WB the possible isomorphism of albite and anorthite, it is nover- 

it ^*®cult to imagine the replacement of Si* by CaAP, or of Ca®AP by Na*Si'-, 
dio fii necessary to admit special law’s of isomorpbisra in the case of 

such supposition is made in oIIkt ea8f.s of .similar chursicter. A 
*^^^>-“spai'out crystal of calcs^ir, for oxamph*. containing a considerable 
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proportion of magnesium, is still vogartlcd as calcspar, and not as a mixture of calcsnap 
and bitter spar. Garnet also, though sometimes rielicr in ferrous or manganous oxid,. 
somotimcs in lime or magnesia, nevortholess forms ■\voll-dofiiu:il, transparent, homo’ 
geneous crystals, which can scarcely bo regarded as mixtures. The same is the cjii' 
with the liyalophane of Uinnenthal, whitih ha.s the composition RO.APO* . 4 Si(jj 
(It = -jBa + iK-,Na-), and shows that a largo proportion of potash renders felsmi-s 
iiionoclinic. There are also iiiirnorous eases of artificially prepared crystals contaimuir 
several isomorphous tdements, which cannot easily bo regarded as mixed crystals’ 
SVelUie-n’s experiments have shown how much copper cun lie introduced into rhombic 
zinc sulphate, ZnSO* + 711*0, or into monoclinic ferrous sulphate, + 7li-0 

without altering tlio crystalline form or the amount of water. This could scarcely 
be the case if the crystiils containing copper were mixtuTos. 3. Anorthite is eiisilV 
and complcloly decomposed by strong hyilrochldric acid, whereas oligocluse is scarcidv 
jittackod : hence, according to the mixture tlicory, hydrochloric acid might be exporlcil 
to dissolve out the limc-constitucnt of sodio-calcic felspars more easily than lliy soda- 
constituent, but such is not the case. 4. Oligoclaso from the flioritc of Ilof and from 
the diabases is free from lime ; that from the gneiss of Aschaifoiiburg contains only a 
trace of lime. Iti all tlieso oligoelascs the oxygen-r.'itio of the alkalis, the ahnimia 
and the silica is as 1 : 3 : 10. whereas in albito and ortlioclase it is as 1:3; 12. 
5. Although crystals of albito arc found intergrown with those of orthodaso and 
vice versttf nevortholess transp.arent orthoclascs rich in soda are perfectly homogeneous, 
and probably therefore contain soda jis an essential constituent. Since, then, these 
orthoclases rich in soda, and transparent albitcs rich in potash, must be regardcii, not 
as mixtures, but as individual bodies, the .same is most probably the case with oligo- 
claso, labradoritc, and andcsin, wliich last, roterson regards ns only an oligodaso rich 
in lime. 

DfxomposUion of Fdspnr hif Saline Solutions, — Birkera. Ull'richt {Annalen dt r Land- 
wirthachnft, 1871, 170) have examined the influence of saline solutions and othir 
agents on the weathering and decomposition of felspar. I'or this purpose 1 kilogram 
of powdered felspar and 2.i litres of distilled wattu* were placed in a flask, together 
with the substances mentioned below, the amount of dissolved ingredients bchig 
determined after the materials had remained l^^getlier for about 2^ years. 

In the cases in which air or carbonic anhydihlo was used, the gas was passed to tho 
bottom of the flask at intervals of from 2 to 4 weeks; in the other cases tlicllasks 
wore made air-tight, and shaken at the .same intervals. 

Tho felspar used contained 8'51 p.c. K^O, 3*37 Na-’O, 1*3 BaO, 16*03 A1*0?, and 
65*52 SiO». 

In tho following table the quantities of ingredients found in solution are given in 
grams : — 




Jixperimontd 


K.“0 

1. 

Distilled water 


■051 

2. 

Ditto, with air . 

. . . 

■037 

3. 

Ditto, with CO- . 

. • 

•071 

4. 

Caustic lime . 

J. equivalent 

•209 

5. 

Calcium carbonate . 

1 

•042 

• 6. 

Ditto, with CO- . 

I 

•067 

7. 

Calcium sulphate . 

1 

•053 

8. 

Ditto, with CO- . 

1 

■068 

9. 

Calcium nitrate 


•041 

10. 

Ditto, with C(^- . 


? 

11. 

Ammonium sul- 1 
phate • . / 

i ” i 

■161 

12. 

Ditto, with CO- . 

1 1 

1 

•162 

13. Magnesia 

J .. 1 

•359 

14. 

Ditto, with CO® . 

1 » 1 

■312 

15. 

Potassium carbonate 

^ »» ' 

— 

16. 

Ditto, with CO= . 

1 i 

— 

17. 

Sodium nitrate 

t 1 

a »i 1 

•089 

18. 

Ditto, with CO* . 

1. 

Ti »• 

•006 

19. 

Sodium chloride 

1 

•163 

20. 

Ditto, with CO* . 

! 

•183 

21. 

Perrons hydrate, \ 
with nir . J 

1 * 

c 

•086 


NjrO 


*078 

*064 

•114 

•174 

•073 

•091 

•074 

•097 

•062 


•094 

*107 

•315 

•256 


•(169 
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I'rom thcso mimbera it is seon thnt tho action of distilled watci* with and without 
practically tho same. Calcium carbonate, calcium nitrate, with and without 
i rboiiic acid, gypsum witJi and without carbonic acid, potassium carbonate .■iiid bi- 
■•irlioiiutc, and ferrous hydrate, had littlo more actiou than water alone. Carbonic 
■iciil, mikI calcium carbonato with carbonic acid, showed an increased action on tiuj 
and silica. In tho experiments with lime a much larger quantity of alkalis 
v;is illssolvod, the lime ;it the saino time entering into combination with tho silica. 
Hnlpliatc of ammonia had an energetic action, more esi^ecially on the potiish ; only in 
fin, experiments with Ibis salt and in that with lime, was potash dissoh’ed in larger 
(iiiantily than soda. In the case of tho ammonia sulphate, tho base had entered into 
'JoiiitJ combi nation Avith tho silica, which Aras not decomposed either by Avashing until 
■ill fjiilphui’ic acid aa’ms removed, or by heating to 100° C- Kiehhoni {Jahi'Ctib. f. Agri- 
iiilturvkcmic, 1859-CO, 16) has already shown that silicates which are decomposed 
I.v]iy<l?*f>*'liloTic acid, such .as chabazito, absorb ammonia from its salts. Magnosm acted 
luorc rnergi tically tlian any other agent, seven times more alkalis and three times 
morn nlica being dissoh’ed with its aid than wath AA’ater alone. Its somcAvhat slower 
aitioii ill combi nut ion with carbonic acid was probfibly due to the crystallising of bi- 
oiirbonulii on the si«lcs of the A’essed. 

Stxliiim nitrate dissoh'od about double the quantity of potasli that W'ater did, but 
its iiciioii Avas less than that of sodium chloride. These comparative results am in 
uiiisou Avitli tliose of Dietrich on basalt («/. pr. Chem., Ixxiv. 12, and Juhresb.f, Agri- 
ci'itHrckcmWf 1862-63, II). 

rSRMElO'TATXOXV. Liebig {Ann. Ch. IVtarni. cliii. 137) bus continued his 
( viHTiinents with refercnc.o to Pasteur’s germ-theory of l-'erinentation (Ja-^ Siq^pl- 012). 
I’l'jjttur rigards tlie formation of acetic acid from alcohol in tlie ordinary process of 
\iiui#^!ir-iuiiking, as essentially dependent on the presence of a peculiar fungus, the 
Mi/fxdcrma areti. According to Liebig, on tho other hand, it is .a simple process of 
rjxi«Jiition. Many organic substances possess, as obserA'cd by Sclioiibein, the power of 
;ibsorbitig oxygon from tho air, just like finely di Added platiniinj, the oxygon thus 
t.ikcij lip being transfora bio to other bodies ami capablo of oxidising them. This 
indeed Avas shoAvn thirty years ago by J)o Smissuro, who oxidised hydrogen by contact 
vilh organic matters in a state of putrefaction or dcciiy. In the same iminiier vapour 
"I'alouJioI is oxidised in contact Avitli decaying aa'ooJ, the latter being used, ns is well 
knoAvii, ill (Jio quick method of vinegar-making. A wood-shaving which had been used 
ill .1 vinogiir-AVork for twenty-fiA’o years, did not exhibit, on microscopic examination, 
tliu sligbtost trace* of a fungus. Mother of vinegar may in like m.anncr bring about 
lilt! oxidat ion of alcohol, but tho process is not .a physiological one, and the acetic acid 
is ii product, not of a fungus, but of oxidation. 

Ihe procc5.S(!.s of decomposition of org.anic matters may bo diA’ided into three groups, 
lie first including alcoholic, lactic and butyric fermentation ; the second .and third, tho 
'umution of acetic .and of nitric acid,, and tho fermontiition of urine. Pemiontations of 
!Mj first class, Avhen once sot up, do not require tho further aid of oxygen, whereas in 
liosc of tho second and third edass, oxygen plays a definite part. Urinary fermeii- 
iitirm is determined by tho t-AA'a pnx'.esses going on simultaneously, -.and tho same is 
ri«- Avitli regard to tho putrefaction of animul b^ies and to the fermentation of dextrin 
n beer-wort. 

I’liateuT on tho other hand {Compf. rend. Ixxiii. 1110) defends liis A'ioAA’Son .alcoholic 
acetic fermentation, and in.aintains Iho exactness of the experiments on which they 
ro based. He 8tate.s that ho has boon able to produce fermenting media by bringing 
'f^cthep only three kinils of substance, namely a fermentable body, properly selected 
and fermentativo germs. If, for example, to a very pure solution of 
cnlcium Inctuto thcro be ;uldod tho phosphates of ammonium, magnesium, 
ralcium, together wdth small quantities of ammonium sulphate, and finally vibrio- 
' ^ developed vibrios, tho lactate will disappear in a few days, and an im- 

liiiiK *!?.*'*’ vibrios will bo developed. As long ns any c.alcium lactate ro- 

ich^' ■ multiply and niovo about in tho liquid ; but when tho w'liolo of the 

nntit*** f the vibrios fall dead to the bottom. MoreoA'er not tho smallest 

turns sour in contact with the air, Avithout tho previous presence 

rend. Ixxv. 781) that if a saccharliio liquid suitable 
i'liout in a vessel in which it can be sown with a particular organism, 

Pure other getting into it spontancuusly from the air, and then a trace 

'mil K<^wn in it, the liquid will in a few days bo completely 

''!'ir t-ho fungus, which can bo sliown to grow at tlie expense of 

ti) and giving out ne.aply the same A'olume of carbon dioxide, 
I uco no .alcohol in tho liquid. If now tho polliclo bo submeigod in the liquid, 

x» Xi 2 
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bubbles of carbon dioxido soon begin to rise from it, ajid alcohol is formed ■ at fj 
same time its cells swell up and cease to multiply, and the internal structure of tl 
plasma becomes very greatly modified. "I’hns the same cells acquire or lose the now t 
of acting as a I'ernieiit, according as they uro deprivj;d of air, or exposed to i ' 
action. This experiment also succeeds wdtli the true fungi, such iis^ PtiiiiciUiii 
glauciwii, 

Yeast and other fi rments thoi*eforo differ from the other lower organisms only in 
possessing the faculty of living and multiplying regularly and continuously witliom 
contact with the atmosphere, 'riicso observations appear to removo the mystory ol 
fcrniontjitioii. Instead of n'.q airing free oxygen lo burn the materials w’hich serve for 
their nutrition, they obtain tho heat necessary to their existence by living upon oxv- 
gonated bodies like sugar, wliieh can furnish liout by 1 heir decomposition. ^ 

Viewing fomiontatioD in this light, all living bodies may become ferments uiulct 
certain conditions. Thus. wJion an animal is snddtmly killed, life docs not at onoi 
coaso in the organs of the body, or in the physiological olomoiifcs of these organs, iimi 
when this goes on in them, witiiout tlie iTiflmnice of free oxygen, it does so al tliVox- 
penso of the surrounding materials from which the necessary heat is obtained, fiiici 
they behave like ferments to these materials. 

Bcrnrd has shown that when fruits are exposed to tlie air, they absorl) oxygen .nml 
replace it by carbon dioxide, but t hat wlion placed in an inert gas, like carbon dioxide 
itself, they also evolve carbon dioxide. The g;is evolved under the latter circiim.srriiii-(s 
ho considers to be a product of a sort of fermentation. I’asUnir confirms l.lii.s view, lor 
ho finds that alcohol is formed even wlicn the fruit is placed in an inert gas. Whin 
this experiment is miido with suitable precautions, no becr-ycast or other ferniciit is 
produced. 

Grapes thus exposed to carbon dioxide acquire at the same time exiictly the oiloiir 
and flavour of expressed grape-juico, quite distinct from that of the fresh grape. 

Dumas (CompL rend. lxx\\ 277) regards fermentation iis t lie chemical deconipOHilioii 
of sugar by the vital force of y«?ast-ccll.s, and considers that Pasttuir’s researches liavu 
placed the matter beyond dispute. He has liiniself made a number of experinionts, 
tho rc.sul(.s of wliich are opposed to the views of Berzelius and of Liebig, and sliowtlmt 
fermentation is not merely set going by tho ferment, but is continuously dcponilent. 
upon it, and susceptible of mousurement and modification like nny other clioiuicjil 
pnenomoiion. 

In one series of experiments he endeavoured to transmit the movements of a fer- 
menting solution of sugar to a solution of purosugar separated from it cither by vJirii ms 
]iquid.s or by a septum of collodion, or else i-csting upon it in direct contact, and fiiiltd 
in every case to do so, or even to cause tlio inversion of the sugar. 

Berzelius having attributed the ferment atioii of sugar to the contact-action of tlip 
yeast, Dumas tried tho i^ffuct upon sugar of another chemical phenomenon also attri- 
buted to contact, namely, the liberation of oxygen from liydrogeii dioxido and nian- 
ganoso dioxide. Tlii.s was eflTected in a solution of sugar, find produced no change’ 
whatever in it. Various other chemical actions cxcitoil in a solution of sugar wem 
found to bo without fiiiy effect upon it ; so that its filcoholic dcconijmsition cannot ap- 
parently bo produced by another chemicftl fiction. 

iSchiinbein has shown that ozone and hydrogen dioxide are formed during slow 
combustions, and among these Liebig classi's fermontationa ; but Dumas does notfiu'l 
that cither ozone or liydrogeri dioxide i.s produced during fermentation. Oxyg®’^ 
passed through a fermenting liquid does not fippisfir to fiffoct it in nny way. 

By dmding a mixture of yaist and 'watereqiuilly among solutions of sugar, the ye^ 
being always in excess, it wu.s found that, under simihir circumstances as 
pressure and temperature, tho duration of the fermentation was proportional to the 
quantity of su^r.^ Caiic-sug^r requires twice as long for its fermentation as glucose j 
so that as much time is requireil to invert the sugar as to ferment it. It is 
that about 400 milliards of yoast^cclls fire required to ferment a solution of one grft’Jj 
of pure cane-sugar in one hour. Fernionlatiou proceeds more slowly in darkness. 
in a vacuum. , 

Neutral ^ases do not affijct the power of yca.st. Sulphur, in a fermenting 
converted into hy^drogen sulphide having iiii odour of onions, and appcJirs to ho 
only substance, besides sulphuretted compounds, that enters into reaction witli 
Yeast is by tlii.s reaction shown to bo a reducing agent. Sidphur docs not 
hinder fermenbit^ion, as it Jins been stated to do. Very dilute acids do not 
mentatiou ; larger doses destroy it. Very dilute alhalU retard fermentation *• 
doses arrost it. Alkaline carbonates hinder it only in very large doses. , , 

. Sal ammoniac causes yeast to precipitate almost ns rsipidly poi»to-Bterch 
from water. Potassium siUcale and inn'ax coagulate it, so t^at it bocomea dotteo 
silver chloride. 
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AVlion fresh yeast is j)lacod in a aaturatocl solution of neutral potassium iartrafr, 
is peiwi\'('<l, niifl on removing the yeast, to a solution of sugar, fermentation 
'T ^ fit iiistantlv commences, anil rapidly follows its course. I’ut the liquid, after the 
t'l" lontation. pVosonts all the characters of a solution of ordinary albumin. When 
^M irlriUc, iho yeast, and the sugar and water are mixed togetlier at once, no such 
Tet is pro'^hiccd ; so that it must be caused in the other case, 1st, by the absorp- 
'./) ot' tlu! saline .solution by tho yeast, and 2ndly,by the displacement of this by the 
solution. Tho action of the neutral tartrate and of such Siilts ;js potassium sili- 
boriix. soiip, can therefore otfect a pliysioh)gical analysis of yeast, similar to 
ti'iu of hloo'l by tlio action of ceifain neutral salts. 

Tlio m'kl tartraie ofpotassiim and some other salts seem ratljcr to favour fermeuta- 
tiyii • otliers retiii’d it ; ullurs, again, such as common salt, permit inversion of tlio 
ILir to occur, but pn^veut its forimmtation, wliilo others altogotlier prevont both in- 
v-riin :ind fcrniciitation, these being potassium cyanide;, potassium monosulphide, and 
tTPiUigc to say, potassium acotato. 

i^liitvi sulphite and thiosulphate, and potassium sulphoeyanale fiirni.sli, by a femien- 
liilion wliich .‘sometimes soon ceases, and somelimes continues to its natural termina- 
lioii :in alculiollc lieplid wliicli, when distilled with .solution of potash, yields an 
iileoiiol coril iiiiiiiig aldehyde and a matter exlialiug a very agreeable fruity odour. Tim 
islonhol bccoiiu’S milky when ir.ixcrl with water. Tlu' iwm.sh-solution (lopo.sits much 
■ildrliyde-i’csin on cooliiig, and yiidds on evapijration salts having special characters. 

Votassiuiii ihiosvlphatv disengages hydrogen sulphido during the whole of the fer- 
im Illation, and llio product wliioh accompanies tlio nlcoliol exhales an odour of 
garlic*. 

' Lastly, with regard to tho action of salts as bearing upon the theory of fermentation, 
it Miiv iu! me ntioned that wlicii, as in tho preserico of tho acid potassium tartrate, fer- 
inr!il:Iti')ri procoods actively, tlio ycuist-ccdlsaro clear, well delinod, and full of aplastic 
iiiMUcrcimloinirig brilliant and very active corpuscle.s and send out iiiinicrous off- 
i-!icii>t.s; whereas, when the I'crmontation laiiguislies, as in the proscnco of salts of iron 
unnaiiganeso, tho cells appear contracted, tuboreulatod, granular, and shrivelled, and, 
witliout roijont offshool.s. 

A stjliilion of honac coagulates yeast, and the supernatant liquid cannot, like ycast- 
v.ati-r, invert cane-sugar. Ilorax })rcvents tho action of yeiist-water upon sugar, of 
h'lmjihiso amygdalin, also that of diastase upon starch, and the action of 
lay rosin. (Dumn.s.) 

Accoiiling to ll^champ {Compt rend. Ixxv. 103C), two yeasts, apparently identical 
mill pure, iloiiot always yield tho same results. Under tlio .same conditions, yeast from 
tile siiiiKi lot always produces an equal quantity of acetic acid ; but, other things being 
o.iiiil, one sample of yeast may produce four times us much acid, ormay require atimo 
J - 111 * or live times as long to complcto the fermentation, as another. Contact with tho 
iiir, even with a largo surface, far from augmenting tho quantity of acetic acid, dimin- 
idirs it, ImtgonoraUy sJiortons the period required for tho fermentation. 

Li cxporiinonts machi in apparatus where the air was displaced by a current of car- 
bmic uuliydridc, fi-om two to four times .i.s much acetic acid was produced ns in similar 
'■xperiments made under exposure to the air. It is possible to produce iu a saccharine 
Mill ion a weight; of acetic acid gi'caler than tho dry weight of tho yeast used ; the acid 
eamiot therefore come from tho yeast. Tho better the yeast is nourished in tho solu- 
lion, tlio less is tho amount of acid produced. An increase of tomperature shortens 
Ihc iluratioii of the fo rnienUition, and augments the amount of acid. Prossiiro increases 
die quantity of iicid. 

Influence of Vressure on Fermentation . — Experiments on this subject have 
Ipii made by 11. 'J\ Urowii {Chem- Soc. J. [2], x. 570 ; xi. 973). Ho finds that during 
dll'- alcoholic fermentation of grnpe-juico or malt-wort, besides carbonic nnhydrido, 
tnori! are evolved — nitrogen, hydrogen, and hydrocarbons of tho paraffin group, and 
wiiK'tiiniis nitric oxide ; that, moreover, the jiroportion of tho gases unabsorbod by 
ptbissinin hydrate is largely increased wln?n the operation is carried on under 
‘Ijinijiished pressure. At the ordinary pressure, by far tho larger proportion of these 
ia nitrogen (70 to 90 p.c.), but under diminished pressure (400 to 450 mm.), tho 
‘0^‘hogen preponderates (60 to 90 p.c.) Nitrogen, however, does not occur when the 
■'''lutioiiH are free from albuminoids, oven if ammonium salts are present in considor- 
■I' h quantity. The increase of tho proportion of hydrogen, resulting from diminution 
0 1 10 presKuro, is accompanied by formation of u comparatively large amount of acetic 
‘ «hhhyde, so that it would sooni that water is decomposed during tlie alcoholic 
^J'niontation, and that this result is facilitated by tho diminution of tho pressure. 
10 presence of nitric oxide in tho evolved gases was found to be due to the reduct jon 
titrates originally present in tho solutions. 
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Dimiiiislietl prossuiv; rohirds tlio progress of tho alcohol io forniontfition in a rem i- 
nble way, although thori! docs not seem to bo any simplo rolatiou botwoeu them i 
is ccrtjiin, hi)-\vovor, that uikUt diminished pressuro less sugar is doc()in})os 0 d m 
during an equal time at tho ordinary pressure, and that, iJio proportion of tho wirl 
anhvdride to the alcohol produced is grtmter. This difforoiic <5 is not due to anv-ii'^ *^^ 
of tho yeast colls caused ]>y tho removal of tho pressure, but JippcMr.s ratiier to lx"'^'' 
oxoiuplifieation of Sorby’s law, ‘that pressure v.eiikoiis or strengthens eluaiiical 
iiccordiDg as it ac*ts against or in favour of tho ehango of voluino ; ' Ihoro is indeed 
deeidod contraction in a'oIuiiio during tlio alcoholic fermentation. Tho acetic .leid nr ^ 
diUM!<l is dpriv(!d directly from tho sugar. ^ 

Influence of Tcynperatnre. — According to J. .Pierre (Compt. rend. Ixxili. 
tho moro rapid ferment ill ion of suga r which takes place a t compiratively high tJn 
poratiires is attondod with a more abuii<hiiit fonniition of tho higher alcohols, hiitvlio 
and aniylic, and conHcqucntl 3 ’' with a diminished production of olh^dic, alcohol.' AVhrn 
t he temperature is kept down to tho lowest point at wliich fermcnlntion can go on 
scarcely any butylic or amjdic aleulml is obtained, but propy^lic alcohol is formed 
which, in testing b^- tlio a Icolioli metric process, is reckoned as common aleoliol. 

Alcoholic Fermentation hy meane of Mucor Mticcdo. (A. pitz, Dmi 
Chem. Gcs. Ikr. vi. 48-58). — Mo Bar^' in 1857, and afterwards Jli^os, discovcruil tli.it 
tho moil 1(1 -fungus, Mucor Mucedo, ininici-sed in saccharino solutions, is Ciipable of st i- 
ting up tho alcoholic fermontation, tho spores of the fungus muUixdyingbvgommiillon 
after I ho manner of beer-yisist . Tho mucor cells, howcjvcr, aro easily di.stingiiisluil 
from y-east cells by their enormous size and by the red coloration produced hy zinc 
chloride in their cellulose eiivolojio. In tho presence of air, mucor alwe doA^olop.^ ii 
luxuriant mycolium. Pitz also finds that the spoiH^s of this fungus dovolop diffcrciillv 
according to tho presoiico or absenco of oxygen. In the abseiico of oxygen, tlu v 
multiply by gommatioii. and alcoholic feririontation is set up, but in the pres cnce' uf 
air, a luxuriant reticulated mass is produced, no fermentation occurring at first, bur 
only oxidation of the sugar through tho agency of tho mycelium. This continues till 
the oxygon is consumed, when tho myetdium breaks up intoisolattjd cells, and fermen- 
tation commences. 

Mucor fermentation proceeds best at a teiupcraluro between 25° and 28°. Tho ga.s 
cvolv(‘d is puro carbonic anhydride. 

Mucor yeast is very sensitive to tho presence of alcohol, and tho fermentation soon 
comes to an end. Mucor can only bo employed for the fermentation of solutionM con- 
taining less than 7 per cent, of sugar, and is therefore useless for tho formoutation uf 
wine. 

Succinic acid is formed in tho mucor fermentation, but no glycerin has been detooud 
in tho product of tho reaction. 

Dextrin, inulin, and milk-sugar do not ferment under the influence of mucor. 

Alcoholic Fermentation of Milk-sugar. — Blondlot finds that milk, uiuKr 
favourable circumstances, produces a special alcoholic ferment, which differs from 
ordinary ycjist in requiring agitation to enable it to become active, in operating in mi 
intermittent manner, requiring rest and agitation .alternately, and in not miiiiifestingiiny 
action below 20 °. A temperature of 30° to 35° is tho best for tho purpose. No «ir- 
bonic acid gas is evolved until the milk is shaken, and the quantity diminishes gradu- 
jilly as tho formentat ion approaches completion. When tho fermentation has eoivseJ, 
an addition of milk-sugar or of ordinary gluco.so causes it again to become active- 
Tho alcohol producc.fl has an ngroeablo taste, but is apparently contaminated with a 
little butyl ic alcohol. 

New Theory of Alcoholic Fermentation. — A. Vct\t(Compt. ret^. Ixxiii-SOO 
supposes tlmt in a solution of sugar containing globules of yeast, water is decompose' • 
the oxygon uniting, nt least for a moment, with the substance of the glolmles, whi c 
th'e hydrogen in tho nascont state attaches itself to .a molecule of sugar, and causes i j 
decomposition, the prcxlucts lieing alcohol, carbonic anhydricle, and one moloculo 
hydrogen, which decoinposos a fiirlher molecule of sugar, and so tho wnctioxi p 
ceeds : — 

2C«H»20« + in - 4C2n®0 + 4CO* + H*. 

A single molecule of hydrogen should therefore theorotically docoTnp(>90 an 
quantity of sugar, wore it not that secondary reactions occur, tho principal of 
consists in the formation of glycerin ; — 

C«J1'=0« + 4n = 2C*II»0». . jjj 

yhe reason for considering the hydrogou the prime agent — although the 
equally well bo so regorded, and nothing proves that uu'lei cer+ain ccndiwcas 
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,vriinont it is not so— is tliat, on allowing two similar liquids to ferment, but with tlio 
■ulilition 1 P-C' sodiuiu sulphite to the one, the same discngagomorit of carbonic 
ItnliYdridu umk place in both oases, altliougli tin; ox>'g(!n had served to convert the 
liiilriliite info sulpliato. In this (ixperiment no acids w’ere foriuod. 
lt‘ the furnicntiition takes place in the absence of sulphites, the oxygen forms suc- 
and acotie acids. 

rermentatlon of Fruit* — I'rnit protected from the air evolves considerahio 
quiiTititicM of carbon dioxide, alcohol and acetic acid being at the same time formed in 
I iu'. iiiti riop, whilst a proportionate diminution bikes place in tlio quantity of sugar 
L'oiitiiinnd in the triiit, 

OlLscrvatieiison tlio foriuoutatioii of apples yielded the results given in the following 
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In tlifi l.'iicT stages of the ovoliition of carbon dioxide, tho nlcoholic ferment was in- 
variahly foujid to hi' fully diivoloped, and budding at all parts of the interior of apples, 
tlie peel of which rernainod intact. In tho juice of apples tho globules became trans- 
formwl into long chains in tho course of a few hours. During tho first stage of evolu- 
tion of gas. however, no ferment in tho growing state was found either in the apples or 
ill tho juico cxpro.ssed from them. The juico contained only isolated globules of 
viirious 8iy.i?s : l)ut even at this stage, alcohol wa.s formed, as shown by experiment 5. 

Thu fcrnu'nt iu the budding sUito was not observed in apples exposed to the air. 
Tlioqiiostioii, whether in this case alcohol is formed in tho fruit, is not yet decided. 

Thu gas evolved from tlio interior of an apple under reduced pressure was found to 
contain In p.c. of oxygen and 5 of carbon dioxide, tho rest being nitrogen. The gas 
uYolvuil from iiuillow or rotten apples contains no oxygen (Lecliartier a. Bellamy, 
J. Vharm. |4J, xiii. 2r)l ; Cmnpt. rend. Ixxv. 1203). 

Tho following observations on tho fermentation of bilberries, wine, and honey have 
I'ccn made by lloussingault (Ann. Ch. J?hys. [-1], xxvi. 3G2). 

Ihlhtrr 'm (fruit of Vacciniuin Mijrtilkis ), — The berries were allowed to ferment 
spoiitiinoously in a llask connected with a jar standing over mercury. 
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grams 
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64-88 
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-320*2 
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+ 239-63 

+ 0-56 


which, judging by its rotatory power, seemed to bo wholly inverted 
alcohol; only 239*63, or 78 per cent of this was 

The W grams of alcohol produced represent 229*3 grams of carbonic anhydride, 
but roi-v • fermentation was 320*2, and there was, ns shown in the table, 

WMu incroaso in tho proportion of acid, 

from lb of sp. gr. 10796 at 17® was toicn and strained 

lae stalks, skins, and stones. 
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Tho alcohol obtained was about 91 p.c. of the amount which the sugar should llieo- 
roticjilly have yielded. 

The alcohol produced ropresents 747'8 of carbonic anhydride, tho loss actually cx- 
perionced being 76U'5. 

By a series, of observa lions of tho rotatory power of tho must during the progrosBef 
tho fermentation, it was found, as already shown by Bubrunfaut, tliat the uextro- 
glucose is destroyed by formontjition before the laevuloso. 

Honfy. — I'Vmientt-'d with washed beer yoast- 



1 

1 Volume 

i 

V* ei"b.b 

Siisar 
by oopper 
test 

Alcohol 

Acid i 
exprostiodas I 
HW j 

Before forniontation 

1 litres 
. , 3*815 

(Trains 

4012*87 

frram.s 

378*73 

grams 

grams ■ 

0G2 

After „ 

. j 3-837 

j 3823*00 

truces 

177-65 

3«7 

Difference 

. 1-0-008 

-189*87 

-378*73 

■1-177G5 

+ 2’45 j 


'fhe sugar should have produced 103*57 grams of alcohol. Calculating from the alcoliol 
proihiecd, 170 grams of carbonic anliydrido should have been orolvod. The nctu-il 
loss incurred wus nearly 190 grams. 

STatiira and Oiivln of Ferments. — A. Mayer {Ann. Chem. Fharm. clvii. 227) 
has made a series of experiments on alcoholic fennontation and tho mode of nutri- 
tion of tho yeast-plant, from which tho following conclusions aro drawn. Tho salt 
mo.st intimately related U) the proper physiological function of yeast — conversion 
of sugar into alcohol and carbon dioxide — is acid potossium phosphate, since tho exclu- 
sion of that salt exerts immediately, and directly, an injurious effect upon the fermeu- 
tiitivo proce.ss. It cannot bo replaced by tho .sodium or ammonium phosphates, or by 
any other salt of potassium. 

Other salts iirc, however, necessary to tho complete nutrition of the yeast-plant, h 
a mixture of water, sugar, and an appropriate nitrogenous body, in proper pro^r- 
tions, bo taken, and no mineral constituent except }X)tassium pho.sph!ito bo added, ut- 
meutiition sots in actively, after the addition of a very small quantity of yeast, but 
after a time tho yca.st-ceils are found to bo incompletely formed, and they aro 
longer capable of keeping up vigorous alcoholic fermentation. 

Tho sJilts which prevent this degeneration of tho yeast-plant, and so must he re- 
garded as food for it, aro those of magnesium, although these stand in no direct rela- 
tion to the decomposition of the sugar. Tho minutest quantity of sulphur suffices tor 
tho nutrition of tho yoast-plaut, and this substance appears to be present even m tnn 
purest sugar-caiidy. All the other constituents of the fishes of the plant bear no re a- 
tion to its mitrilion, and calcium may be entirely removed without injury.^ 

These results show that tho requirements of the yeast-plant are much simpler tlia 
those of the higher plants and animals. Iron, for instance, and probably oalenun J 
bo completely absent from growing yeast. It is also manifest that tho several fuuctio 
of plants demand specific forms of nutriment for their due performance. , 

With regard to the nutrition of yeast by nitrogenous substances, the 
suits were obtained : they are somewhat different from those commonly roceivoa. ^ 
albuminous, and many otlier highly organised bodies, are ill adapted to the nuW 
of the yeastrplant. Ammonium salts, and nitrogenous organic substances j 
constitution to ammonia, are ciuito competent to the nutrition^ of the 
But this plant diffS^rs from tho liigher vegetable organisms in being izicapable 
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■ -nn- tho cl’iof portion of its nitrogon from tho nitrates. Pepsin was found to bo tlio 
1 t tboil for* yeast, and tho diastase of beer was also found t o l>e a good nitrogoinais 
enUt t nee lor t his purpose, and for supporting vigorous alcoholic fornieiitation ; Ijutwh ii 

• . -t to diastase, it was found that this result in no way dcpoiidod upon the iacilily 
^ ■■drwinch tliaL body ferments, for previous heating of tho liquid to tho boiling point 
'v' .reised no iiitluoiico on tho subsoquont fernientation by moans of yoast. 

Ouriiie aleohoUc fernientation yoast not only decomposes sugar into alcohol and 
< ‘irl)OTi dioxide, but tho organism secrotes unknown nitrogenous substances wliicli are 

no longer capable of afti>rding nourifihincnt to the plant. , , i v 

With regard to the connection between tho nutrition of the ycast-plantanil alcoholic 
f 'riniintiitiou, Mayer’s experiments show that yeast docs not require tho access of free 
esv"-cn for its gi-owth, and difFers in this respect from other vegetablo organisms; it 
docs not hreaific in the saino sense as tho higher plants, juiiiiuils, and even other fungi 
do Tlu) dictum that every orgmiisin, in order to furnish manirtsstations of Lfe, nnul. 
■iimroprisito oxygen, cannot, therefore, ]>o miroscrvedly iidmilli d, and the foil o^ying is 
propos'd as a substitute for il-: -that for tho completion of the manifcstMtiojis of 

l.r 

( i.ly os a special ease, of l.lin above general law, although the most common one. If 
Il’.is iiif)difi<-ntiori of the goncrallv r(«?civea theory bo admitted, the vital changes 
iiiulcrgoiii! by yoast in a. .saccliarino solution may be classod W'i ill those changes ot 
Tiiaircr wliicli take place in the higher organisms, and at. the sami- l.inn? the scrieH of 
pluinonuiia taking place during the growth of the yeayl -plant biH-oinc cxjdicuble. 'I ho 
splitting up of a carbo-hydrate into alcohol and carbon dioxub? is nccompanicd by a. 
joss el cliomic il force- -tlio .ilcohol formed having a mneh smaller thermic equivalent 
than llin sugar from which tho alcoliol w'as formed, "riie case is one of internal coiri- 
Imslieii (/awtw Vcrhrniming'), "Moreover, the formation of cellulose in tho ccdl-w'all 
of till' iii'wly iMiaiied yoast-plaiit is a case of splitting up of sugar into more highly 
;ind less (jxidised products, and during Uio process tlicre is a consumption of choinleal 
I’ji'cc. The <*oinicjction l)e.tw(!(m tlu; s}>littiug up of tlic sugar and the budding of tili 
yeast -plant, is thus indicated with imitli probability. 

I'min the experi incuts of Bechanip {^CompL rend. Ixviii. 877) it appears tliat, under 
.sdiuc circumstances, tlio mother of vincg.ar, a conglomeration of micro/ymes, can bo 
I I'.insIVii'ined inlobncteria, and under .other circumstances int o n cellular ferment w'hicli 
I :iii ]»rofluco the normal alcoholic fcrmeritatioii from canir-sngar. Subseiineiit researches 
i.h'/o Ch. rht/s. [4], xxiii. 4-13) have shown that tho converse of this is nl.so true, and 
rJi.iMlm cellular ferment, may be transformed into microzymo.s and bacteria. 

mixture of starch and yeast kc]>t at a temperature of 24^-35° soon liquoiies, and 
die yoiist iiiiflergocH rcmarlvablu changes. The cells swell, become transparent, and 
jiiMdimlly disiipj.)(jar. Myriads of microzymos of great agility spin g into existence, 
rhi ii vibrios appciar, and as these increase the mierozynu's diminish. Tho vibrios in 
ilii’ir turn are succeeded by myriads of bacteria, and finally iho bacteria gradually 
leaving nothing present but microzymes, simplo or coupled together. 
During thesochanges a small qiiantityof gas is disengaged ; no butyric acid islomictl, 
•wil blit little acetic, and lactic acids. ■ 

-V similar iixperimcnt made in presence of calcium carbonate produces somewhat 
^■■lallcr ]?hy.siological results, but, iii addition, Iho vibrio.s .are preceded or accomjKinicd 
".V a crowd of little bodies resembling tho amylohaciers of Trfjcnl [^Conipt. rend. Ixxiii. 
lb>3), which, however, soon disaiJpear, leaving only bacteria present. In tin’s experi- 
nl. pure carbon dioxide is disengaged at flr.st, find afl'.orw’ard.s a niixturo of c.arbou 

■ and hydrogen. Tho soluble starch Rinl dextrin disappear, producing a coitc- 
q'onding quantity of alcohol, ncctic, and butyric acids. Tho ferments whicli proceed 
"om those operations can serve indifferently as lactic or butyric ferment, ^ 

-Is, then, the mother of vinegar when changed into bacteria becomes lactic or butyric 
and when transformed into collular matter becomes alcoholic forinent, and .as 
■ ‘ i r-yoasl hecomos lactic or but 3 rpio ferment when roituced to microzymes, vibrios, or 
‘'■'‘-tiiria, it is evident th.at tho property of being a ferment of any particular n;itiiro 
•'‘L'-'i not depend os.sontially upon tho matter of tlio ferment, but upon its org.ani.sat:on 

Liubig contested the Btatemont that an alcoholic ferment caFi be produced in a sac- 
^JiniKj mixture without the previous addition of an .albnminoid substance. Becliamp, 
^oMo\cr (Cfjwpt. rend. Ixxiv. 125), arrives at .a contr:iry conclusion. A mixture of 
r>lv ^''■''t^-^ugar, 1 gram of magnesium phosphate, O S gr.ain of calcium iihos- 

L .*/ 1?500 c.c. of water, when exposed to tho .air, soon becomes very acid ; g.as 
aburidniitly as in a fermentation with ordinary yeast; and in 91 days, 
"lien the evolution of gas has censed, the mixture yields 356 c.c. alcohol of 36®. 
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Acotic acid is also present, but neither but^’ric nor lactic acid. Tiio formont con«i' 
of very srasill oval cells and niobilo gi'anulations. Kxporiinonts with canO'8u<yap i 
other tsalts, as potassium nitrate, sodium phospliato, alum, &c., mivo vorv 
results. «» cry 

I>6ehamp also finds that beer-yeast, when suspended in water, exliausta itself • i 
secretes phosphoric acid, and that amongst other i^roducts fonnod, ouo^ named by hi 
is capable of inverting catio-sugar. The phosphoric acid and symase 
in tlie interior of the yeast-cells, from which they are separated by exosmoso aiKi 
amongst tho olJier products are leucine and tyrosine. An experiment upon 3o0 lilur 
of moist yeast, ropresoutiug 84 grams of the dry substance, liimished 6 grains Ilf 
loiicino and 5 decigrams of tyrosine (^Compt. rend. Ixxi. 680 ; Ixxiv. 184). 

When tho yeast whieh works oil’ from new beer in cask during the process of cleans- 
ing is allowed to settle, the fluid portion removed, and water added to the reniaimli r 
nearly all the cells of yeast rise to the surface in three days, and under tlie microscoDu 
they are scon to move with the agility of the most active nionads. Thoso bodies i- 
scitiblo in size and shape the yoast-cells from w'hich they have been dorived, and thrir 
surface is covered with fine dark grannhis which appear to have rc'sultod from uji 
alteration of the superficial membrane (IVecul, Compl. rend. Ixxiv. 23). 

According to Hoppe-yeyler (A^. Rep. Pharm. xx. 764) the ferment which convert.s 
c:iTio-sugar into grapo-sugur forms, wlieu separated from bccr-yeast, a white powdor, 
wliich is Holuljle in water, and may bo preserved unaltered iu tho dry state undi r 

alcohol. Living bocr-ycaet docs not give it up to water, but if tho yeast, be killed liy 

addition of a little ether, tho formont may easily bo extracted by water and sopirnUd 
from the solution. Tho aqueous solution quickly effects the transformation of tho 
sugar. 

«/ Yeast. — Tho ash of yeast has boon iimdysed by Bechamp {Compt, mjk 
Ixxiii. 337) with tho following results: — 

80^ P-0’ ]v-0 Nu»0 CaO M>;0 Pt'O* AV-’O’ SIO'' 

6 665 65'628 28*691 0-804 1*608 6 878 0 840 undot^minod « lOO lU 

Another o^riment gave 5*71 p.c. SO*, 56*94 P-O®, and 6*94 MgO. 

The incinerat ion was offcctod by means of bismuth nilrato in the manner described 
under ‘ Ash of Organic Bodies' (p. 108). 

On tho origin and development of Bacteria and Vibrioiios, and their relation to 
Fermentation and Putrefaction, see Bastian {Proc. Roy. 8oc. xxi. 129, 224, 325, 319). 

Antiferments or Antiseptic Substances. completely prevents 

alcoholic fermentation, and likewise the conversion of cane-sugar into grape-sugar; 
cupric salts act in a similar manner. Ferric salts colour yeast dirty yellow; after tvo 
or tliroo days, liowcvor, tho colour disappoars, and regular ferraentatiem slowly sets in. 
Tho c?iloride.<i of jMtassiufHimd. sodium appear slightly to accelerate alcoholic fornicnlii- 
tion. Caustic alkalis^ added in sufficient quantity to produce strong alkaline reactioD, 
do not interfere witli it, but they render it imperceptible for some time by absorbing 
the carbonic acid. Chlorofortn. prevents fermentiition to a considerable extent, a fi!V 
drops added to 100 c.c. of a fermenting mixture containing 5 p.c. sugar suflwinglo 
arrest it. Quinine HCt.s in the same way. F^icotine accelerates fermentation slightly; 
so docs strychnine at first, but afberwartls retards it. Creatine appears to retanl for- 
mentation, but is itself at the same timo converted into creatinine, which accolorates 
it. Hydrocyanic acid reUrds fermentation, or arrests it completely; its action, how- 
ever, doo.s not extend to the yeast-water or only so far as to exort a |)rGBervatJvea«ion 
upon it. Tho yeast when freed from the hydrocyanic acid regains its activity, lois 
action of hydrocyanic acid upon yeast is'similar to that which it ^vas observetl by 
Sclibnbein to exert on the colouring matter of tho blood (Liebig, Ann. Ch. Pharm. 
cliii. 137). f 

Calvert {Proc. Roy. Roc, xx, 197) mjido a scries of experiments on ® j 

albumin to which was added one-thousandbh p.'irtof an antiseptic substance. He " 
that such substances may bo divided into four classes . jj£^j 

1. Those substances wliich entirely prevent tho development of protoplssnu 

and of fungi : these are phenol and cresol. . v luction 

2. Those which prevent tlie development of vibrios without stopping the prot 
of fungi : zinc chloride, mercuric chloride, and zinc sulxihopheimte. 

3. Those, on tho contrary, which permit tho production of vibrios and prove 

of fungi : lime, quinine sulplmto, popper, and prussic acid. , nf fur*'!: 

4. Those -which do not prevent the production either of protoplasmic bfe « 
sulphurous, sulphuric, nitric, arsonious and acetic acids ; caustic 

ammonia ; solution of chlorine ; sodium, calcium, and aluminium Lqm bi* 

hypochlorite; potassium chlorate; calcium sulphate; ferrous sulphate; 
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lilnU'* Rodium tliiosiilpliato ; sodium phosphate; calcium phospliato ; potassium 
potassium and sodium sulphophciiates ; picric acid; lurpciitiiio; wood- 

^ids ’vvliilo not provcntin;? tho dovclopmoiifc of vibrios, facilitato tliu production of 
jV Vd ■ this .ippHcs especially to sulphuric and acotic acids. Alkalis, on tJio contrary, 
• r'^iot. tavoaraklo to tho production of fungi, but favour tho development of vibrios, 
/■ L'cliloi’ide and mercuric chloride completely prevent the dovelopmoiit of anim.ileiilcs, 
liuTdo not stop tho formation of fungi. Cldorino and calcium hypoelilori to stop llio 
I'.rrtdiiolioii of vibrios only Avlimi employed in great excess; and when calcium hypo- 
hloi'ito is so used, it acts with violence upon tho pit^teic matters, i>rodiicing a dis- 
.inrigenicnt of nitrogen. Quinine sulpliato comiiletcly stops the formation of fungi, 
•iiid this fact lejids to the supposition that, as qiiinino .sulphato is rimiarkably eftica- 
( ions ill cases of intermittent fever, thi.s malady may bo eaiisod by tho introduction 
into t lie liuiiiMii economy of fungoid bodies. This aeoms all tho Tiioro probable when 
j; is considered that this fever is most prevalent in swaiuiiy countries whero there is 
iiiiK’li deco inposi lion of vego table matter. Wood-eliarcoiil possesses no iintiBeptic pro- 
]).Tti{ .s: it absorbs the putrid gases produced and causes thc:ir oxidfilion. 


According to Rahntoau a. Papillon {Compl. rend. Ixxv. 7<'id) 1 p.c. of sodium 
silica t (5 prevents tho alcoholic fermcnt'itioii of grape-juice. Urino containing 2 p c. 
nf the salt uTithM'gocs no decomposition, oven in l.j days, and the evolution of ammonia 
is scarcely sensible Avith 1 p.c, Alilk mixed with one-fonrlli of its A'olurno of water 
coiitainiiig one tweiity-lifth paii; of tho silicate, remains free from acidity at the end 
oftivo days, and if the cream he tlioii removed, the reniaining liquid will be found to 
W. iilkidiae, and without a single flako of casein. An emulsion of iJirec sweet and three 
l.ittcr almonds made W'ith waUir containing ono twenty-lift h jiart of the, salt is quite 
iiMidoroiis, and remains so at tho expiration of ten day’s. It appears tlum that, silicate 
of sodium, like borax, proA'onls fermenlation and putrefaction, only its action is mortt 
tiurgidic. 2 grams of borax dissolved in 40 grams of water, and inj(;cted into tins 
veins of a. dog, produced no appreciable efFoct upon the health of the animal ; while 
an injection of 1 gram only of sodium silicate under tho same conditions caiisod death, 
III the hitter case the eliect.s proiluced wero l»urging and vomiting, and the urino 
rontaiiied albumin ; the appetite gradually diminished, and th(3 animal died in nino 
clays. 

Petit (Compt. rend. Ixxv. 881) finds that when a solution of cano-sugar contains 
1 p.e. of sodium sUkate^ fermentation commences sluAvly after tho addition of the yeast, 
hill when established it proceeds rapidly and very regularly. 1 p.c. of borax has no 
i lti ct ou ferniont.'iiion. Tho same pmportion of ferrous sulphate causes the fermont- 
fiLiori to prococil slowly but rc.gularly. With virppvr sulphate the fermontatioii com- 
nii'iircs, Lilt soon stops. AN'ith 1 p.c. of arsenic trioxiilo the fermentation proceed.s 
■slowly, hut Very regularly. 

Acetic acid is more antiformentatiAm than tho same quantity of a mineral acid. 
I p c. of oxalic acid markedly slackens tho rate <)f fenneutiition. 

Tlic most aiitifcrmeiitativo bodies tried wero mercuric oxide and chloride, 

Sulphifea do not hinder fermentation, tind are themselves converted into sulphates 
iis tho feririeiitation proceeds. 

Functim of Chalk in Butyric Fenneniation , — Bcchainp finds that tho addition of a 
drop or two of phenol orcrca.sote to 100 c.c. of sugar-solution chocks butyric, but not. 
ftkoholic fermentation, and liouco conclude.s that the butyric ferment is more easily 
kiU(?d than tho more highly dov'olopcd coll of boor-yeast.. According to O. IjOow, on 
thouther hand {Clicm. News, xxiii. 100), boer-yeast may abso be destroyed by a sufficient 
■alditioii of phenol ; and its greater A-itality is duo .simply to the relatively larger quan- 
tity of itconiparod Avith that of tho butyric ferment, which i.s introduced into a sugar- 
f-olution from the air. Bicliamp moreover finds in chalk a butyric ferment, Avhicli is 
jiot destroyed by phenol 614). According to Locav’s experiments, this 

vniicnt doe.s not exist in the chalk in its natural state, but is introduced from tho air 
I urmg pulverisation, and the inaction of phenol with regard to it is due to tho absorp- 
if>n of till*, plionol by the chalk, so that to arrest tho fermentation a considerable 
quantity of phenol is required. That marble excites fermentation in a liquid contain- 
ng piienol less easily than chalk, arises not from tho absence of microzjnnes, but from 
iiuirri of tho marble to absorb phenol ; for when phenol is not prosont, 

tL to tho nir excites the butyric formoutation just as Avell as chalk. 

of butyric fermentation by small quantities of phenol may also bo pre- 
^ ‘^tod by addition of animal charcoal. 


C'-’Il'®. A fluorescent hydrocarbon discovered in the portion of cojil- 
at 300^-340®, by Berthclot (.4«w. Ch, Phys. [4], xii. 222), who, lioAVcver, did 
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not assign any definite formula to it. It is best obtained by crystallising the norf* 
vliich distils between 300° aiul 305® from a mixture of alcohol and beiizono -vvlio 
a quantity of acenaphtheno is separated from it. * 

DH/romoJltiorenc frystallisos in beautiful moiioclinie tables. WJiPit '• ’ 

brought to II red heat in presence of lime, it yields a hydrocarbon melting below lie? 
and having tho odour and appoaranco of diplienyl. .FJuoreno is, therefore, probjiiji^.’ 
d i p h 0 n y 1 m 0 1 h y 1 0 n G Fltiorene 2 )ioratc crystfillisos i n fino pofi ? 

melting at 80®-82° and having tho composition C**H*®.U'^H=*(N0‘‘')’'0 (Barl)iep 
rend. Ixvii. 442). ’ ' 

rZiUOaHSCBZir Cf^ivny. This substance, tho phtlialcin of rosopcin, is oh- 
tallied by heating resorcin and phthalic anliydrido together at 195°. It omtalliv' 
from alcohol in brown cni.sts, and is precipitated by acids from its alkaline solulion 
as a brick-rod powder. By treatmont with zinc-dust in an alkaline solution it is ri. 
iluced to colourless fluorcscin, which is tho phthalin of resorcin. Whoa .stroiiffly 
lioal od with sulphuric acid, fluorescein yields a red laxly which dissolves in alkalis 
a blue colour. This rod-solution dyes blue like indigo, but tho colour is noithor so 
fine nor so fast (A. Baeyer, DciU, Chcni. Ges. Ber. iv. 058). 

VOBBIOL-PXiAIsrTS. Under this l\pad wo treat of those forage plants which arc 
not noticed under their respective names. Fodder crojis are always cut while mm 
and before the formation of seed, and are either consumed by cattle in tho fresh staU\ 
or made into hay. The composition of all these crops is, from their imm.ature condition* 
subject to a far wider range of variation than the composition of grain crops, which 
are not harvested till the functions of the plant aro completed. 

Tile composition of a fodder crop may be said to dcpond—1. On its age, and the 
relative development of its parts ; 2. On the composition of the soil in which it grows; 
3. On the special chametors belonging to its species. With crops harvostod in*.'! 
perfectly mature condition, the dement of species has a preponderating effect on tlio 
composition, and tho nature and richness of tho soil have a smaller influence. With 
fodder crops, on the other hand, it is tho state of development of the plant which most 
dftormiues its composition, and tho nature and richness of tho soil have a largo eifcct, 
while tho special characters due to tho particular nature of tho plant aro often so 
clfectually hidden by tlio largo influence of the two first-named conations, that it 
becomes a task of great difficulty to asccrhiiii what is tho intrinsic difference between 
two fodder plants. 

The proportion of water in a plant is greatest wlien young, and decreases during its 
grow'th. 

The percentage of nitrogen in tho dry plant decreases considerably during growth; 
tliis is true not only of tho whole plant, but of all its parts, save tho Uospom, 
wliich increases in nitrogen a.s ripening commences. Tho diminution of nitrogen in 
tho whole plant is, liowcvcr, largely due to the alteration of the proj:x)rtion of its 
parts as growth proceeds. In an immature plant the loaf is tho part richest in nitro- 
gen ; a plant in its 3 ’oungcst condition consists principally of leaves, and at thisperial 
1 be plant contains its liighcst pereontage of nitrogen ; as the s^eni, which is poor in 
nitrogen, is developed, the percentage of nitrogen in tlio plant falls. Tho fall in th® 
whole plant is thus more rapid in tho earlier stages of its growth than in any of its 
[»arl:s. 

Tho percentage of ash in the dry substance of the plant decreases considerably with 
ago ; while, however, the ash falls in tho whole plant, it rises in tho leaves as tho phir.t 
matures. The porcentoge of fat also diminishes wdth age. Fat occurs in greatest 
quantity in the leaf, and its proportion in the whole phint dirainislies with thegroulh 
of the stem. 

Tho percentage of carbohydrates in tho dry substauco, on the other hand, increases 
considerably during growth ; there is especially a largo formation of cellulose fts tlio 
plant matures, a fact which has great influence in determining the nutritive value oi 
a fodder crop. 

Those facts are well illustrated by the following tabic, which shows tho composition 
of pbints taken at different dates from the same field. Tho analyses of Grass from ^ 
water-meadow arc by Way {Jour. Uoy. Ayri. Soc. xiv. 171); the analyses of 
by Bitthnuson {Jahresh. Ayr. Chmie, 1850 60, 79); the analyses of Lucerne by Kuim 
{Landw. Versuchs-Stationen^ xvi, 86) ; and the analyses of Rod Clover by E. 

{Ann. d. Landwirthschaftf 18.71, 130). Tho table states the composition of the 
plant, and, where tho information is obtainable, the pcrcontogo of water in the Jw 
plant is also given. 



FODDER-PLANTS. 


r>‘26 



Grass 

Vetches 


Lucerne 

] 

led Clover 

! 

1 


■ 

April 

;jo 

June j 
26 1 

1 

May 1 Juno 1 June 
-.>3 { 12 1 23 

July 

12 

J UIJG 
i 4 

; 

June ! 
15 1 

i 

Young 

June [June 
13 ; 23 

1 

July 

20 

Alh'imiinoids . 

•25'9 

10-9 1 

28-8 jl9-7 :lG-3 

15-9 

18-3 

17-81 

21-9 

13-8|ll-2 

9-5 

I’at 

6-5 

21 1 

^ i 1 


, 3-2 

2-4 1 

1 



Extractive 1 

321 

43-9 : 

U6-7 ;37-2!41-1 

31-6 

'430 

39-5 j 

W3-6 

J 

46-2 i60'l 

1 { 

43-2 

i 

matter . J 

I'iliro . . • 

25*1 

34-3 ! 

1 23-9 i33-f) 32-7 

45*3 

25-8 

32'4 1; 

247 

32-8 I32-9 

1 

117 

Ash . . . 

!io-4 

i 

8-8 ‘ 

11-6 1 9-6 j 9-9 

7*2 

i 9-6 

8-0 ii 

0-8 

7-2 ' 5-8 i 

1 5'6 

Water in 1. 

1 

87-6 

1 

74-5 1 

1 I i 

83*7 ■83*2 ;82-9 i80*6 

i780 

0 


i 

1 

fresh . I 

1' 

1 

J 
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Tlio composition of tho f>sh of a plant also un(lorgoe.s alteration during growth. 
TIio jiuaiysus of tho ash of tlio water-meadow grass just referred to Iiavo been already 
given ill til is Dictionary (sec ‘ Grass,’ voL ii. 943); the increaso of silica in the older 
"KISS, and tlio dimimition of iiotJish, arc very striking. The changes which tako jilaco 
ill iho ash of graminaceous crops during growth will bo noticed in detail iindci* ‘Oats’ 
and ‘ Wheat ’ in the present volume ; wo W'ill here give some of the results of Ulbricht/s 
(1.1 1 If) rate investigation on lied clover {JAi7idu\ Vcrsiicks-l^ialinnc'nt iii. 241, and iv. 1). 
TJlbriilit examined clover grown on arable land, and clover grown in a garden soil; both 
ihe lirst and second crops were in each case tho subject of investigation. Samples of 
(’’leh of the four crops were taken in several stages of growth : 1. At tho first appoar- 
aiico of stein formation ; 2. At first appearance of flower biuLs; 3. At full blossom ; 
4. When the seed was ripe. At each of those stages tho various parts of the l>laiit 
wiTO separately analysed. The results yielded by tho fir.st crop on tlio gsirden soil, 
and the first crop on the field soil, are given in the table on page 526. 

It will bo noticed that in several point.s the results obtained in tho poor and rich 
soil aro very different, but tho following gcnc^ral facts are evident 
Clover increases in dry 8ub.slance daring growth ; the leaves aro tho driest pjivt till 
the blossom i.s matured. Tho proportion of ash in the dry substanco diminishes ns 
growtli pro(!ccds. In tho young plant tliQ loaf-stalk and .stem contain most asli ; the 
iish in tlu) stem, however, rapidly decrease.^, while tho ash in tho leaf in creases, .so I lint 
fit full bloom, and Jiftcrwartls, the leaf surpasses all other parts in its contents (.>f 
ciiiuroid mutter. In the yfmiig plant potash is found chiefly in tho leaf .still k am I 
stem, and in much smaller quantity in the leaf. The stem contains but little lime in 
]iropeption to its potash, Init the leiif ooiitjiiijs iniicli lime in proportion to it.«i potiisli 
(the same is true of graininHCOoii.s plants), and the ainoiint of lime in tho leaf steadily 
incruusc.s jus the phiut mature.*). The iiU!rca.so of lime and nmgnesiii during the matur- 
ation of leguminous phints 1ms been ;ilso noticed by TIitt hausen. Phosphoric acid 
ha.*? its first maximum in Ihe leaf, but after the formation of blossom it coiieentrati s 
in this part of the plant. Silica, as with graminaceous phinte, is found in greatest 
ciuantity in the leaf. Chlorine is at fir.st chiefly located in tho stem and loaf-stalk, 
fuid ai'torwjirds in tho blossom. [Nitrogen and .sulphur find their maximum in tho lord' 
till tlio blossom hfis become ripe, which then surpasses tho leaf in nitrogen, and perhaps 
m sulphur. 

iTellriogol {La7}dw. Vc 7 'suchs-Statunien, iv. 31) has shown that the amount of tho 
v.iriou.s ash-constituents presout in the sap v.aric8 with the ago of tho plant. Experi- 
ineiiting on the clover crops used by Ulbricht, ho found that tho amount of potfish 
yxisting cii.ssolved in tho Sfip was greater in the loaf tluiii in the stem, and diminished 
l>y ago. In the leaves of a very young plant 75 p.c. of the potash present 
J'as found in solution, l)ut at full blossom only 37 p.c. Avns found dissolved in iJie 
<?'ncs, and 16 p.c. in tlie stem. Lime, on the other hand, did not diminish in solubility 
•18 the plant matured, about 70 p.c. of tho contents, of tho loaves being uniformly sol- 
1 e, and about 50 p.c. in the stem. Magnesia, save in tho case of tho very young 
IJiwt, exhibited the highest solubility of all tho b:ises. Of ph6.splioric acid only about 
'*^‘**^** in solution in the leaves, but rather more in tho stem ; its soliilnlity 
• a not altered in any marked degree by age. In the very young leaves 27 p.c. of tho 
^nund in solution ; at full bloom this had fallen to 16 p.c. It is notable 
sili • time the blossom contained more soluble potash, phosphoric acid, and 

orpjin ■ other part of the plant. It appears that at those times, and in those 

tito process of formation proceeds most vigorously, tliero tho active 
b ct icnts of plant-food Jiro most abundantly present in a soluble form. 
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Voolt'kt'C {Jour. Roy. Agn. Soc, 1867, 30) determined the compositiim of clover at 
(lilfiTeiit wLfiges of growth, and also the toti'il amount of tho dry substance that was 
soluble ill water. On Juno 2, tho suliiblo matter was 41-04 per cent. ; this steadily 
fell, mid on July 28 it amounted to only 29-27 p.c. The changes in tho eompositioii 
of f()d<K:r iTops by ago are clearly of such a nature as to diminish their milj-itive value; 
crops cut I'lr hay, should, tJniroforc, not ho allowed to piss the conimcnconient of full 
Llnssom: the maximum amount of nntritivo matter is probaUy Uiori ul>taiiicd, but 
deteriorat ion follows if the crops aro allowcil to boconic older. 

As already stated, tho composition of fodder crops is largely influenced by the nature 
of till! soil, and ot the manure employed. On a rich soil, producing luxuriant growtli, 
foiMca* crops will be found to contain morii water, more ash, more nitrogen, and more 
fill, than (ho same crops growing less rapidly, on a poorer soil. Tho tendency of higli 
Tnaniiriiig is, iii hiet, to produce a great bulk of imnta1,iirc produce. We cariTJot better 
illiisl-rate the effect of manure in altering the composition of green crops than by 
ijiiotiiig some of the results obtained at Rugby by sewage irrigation on meadow laud, 
iiiid piililishcd by tho Royal Commissioners, Messrs. Lawes and Way, in their report. 
The following table ,show,s the composition of tho sow-aged and iinsewagcd grass in 
KSG3. The grass was cut for green food tliroiiglioiit the year, each cutting being separ- 
ately analysed ; fnmi tlieso analyses the average composition of the wh(»lo prr>dnco 
from each plot has l)i‘ini calculated. Tho produce is, for tho purpose of comparison, 
rivlvotied as hay coiibiining lo per cent, of water ; the average amount of water in the 
fre^ih grass is also given. 


(juajitify and composition of ^feadow Grass grown with and without Sewage, 
gra.9s reckoned as Hay containing 16 p.c. of Water. 


I Tons of .sewage per uert 


the 


jrt.‘r } 

' Weight of Jiay In ton.s 
per aero . 

I Per cent, of water in 
fresh grass 

i WalCT . ~ ~ 
AlluiminoYds 

; ];.'it . . . ; 

; rihi-e ■ . . 

; 1‘Alraclive iiiiitter 
AhJi 



9.000 


608 


83-08 

15-00 
18-57 
4 03 
22 23 
30-68 
9-49 

1 00-00 


T]u* 

2'5-27 ndrogen in the sow’aged gi’a-ss was in individual cases as high as 

^ve laire tiin ** green crops grown with sewage, 

tn(‘acWh.iv.* ninniiro 111 its most striking form; manures applied to a dry 
idiod if tiip Vv««*-** on tho comxiosition, and tho effect is further dimiii- 

>f>il-fo(xl uiidor extent before being cut ; the excess of 

niiiio a Bi-oatpi* <iischargo its proper function.s, and dotcr- 

'•T'lKars in tlm carbon from the atmrisphero, and tho result of manuring 

f'ilbort have fho quality of the crop. Messrs. JiHweH and 

meadow- liav nlitjj' ^ the WTiter w'ith an abstract of the composition of tho 

tliis period ^ oxporinients conducted for 18 years at Rothamstcal ; (hiring 

applied each year to the same plot. The 

''mrnuit of 'vv4't!eT^?n'fi^ there is a small iucreriso in the 

li ive been siitmlip.l • ® of the hay is greater wherever asli-constituciils 

•'Pplied uloiie^ \iirl fi*" 5 is greatest where ash-coiistitiieiits have been 

increased* bv relatively in greatest excess, and least where tlio croji has 

■‘Ppiicd for 18 ammonia, without any osh-constituents having boon 

’'^th regard to the nitrogen in tho crop tlio case is somewhat 
hitvo boon jiiinUi^fi highest, ns w'o should expect, whore ammonium salts 

one, and where nitrogen is, therefore, in great excess of all tho 
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Perccnto/ic couipot^Utoi^ oj liny grouyii on expci'inicuial plols in Xiothaiill^tcd Par/i 
] 8 years - 1 856-7 «'*• 



:<.'o Matiuiv 

Aiiiiiioiiinm | 
Salts 4 no lljs. j 

Mixoil rine- I 
ixial Maun IV. ! 

Ciiiei'cals, luii] 
Auunoiiiiini 
Siiltii 400 lbs. 

AnMIKiliil;;,, 
Sails fill!) iIk. : 

Average preduco ia 
cw'i.s. per iici'c 

1 2tii 

1 

27J 1 

i 

o5.^ i 

i 

i o2i 

i 

Go'f ; 

Dry matter ; — 

Highest 

liOWCSt 

..Vverago 

S,S-.‘>6 

7:)oo 

S7--16 ; 

7n-»i I 
83- IS ! 

S7-6S 
78-J7 
83-71 j 

R7-()7 

rs-oi) 

I 82-M 

70-nu ■ 
8MS 1 

Asliiiiilry: — 

Highest . . , 

Lowest . . ! 

Average . • ' 

■“ 

! 7h7 

1 5-.>() 

(j-SIl j 

800 j 

■1‘75 j 
5-85 1 



1 

8-67 

I fi-4!) i 

[ 7.71 

i . 

S'.hS 
i 5-71 

7T1 

m \ 

5-89 1 
7-29 ! 

All iiiui iiioh Is ill dry ; 
Average 

1 10-r/i 

13-48 ^ 

1 ■ 

! lO-OO 

9-64 

i 121G 


othcp food-constitaonts, liut it is not lowest on tlie plots receiving no nitrogen. Thi;; i.*, 
partly dm: to tlio liiet that on the pl<»t recemng only ciricroals (a mixture of MipiV- 
phosphate witli sjilts f)f potassium, sodium, ami inagnosinm), and to a less extent on 
tlio uumanureil plot, tlicrc* is a considerable amount of leguminous herbage, whini if; 
not found on tlie otlior plots. Luguminoua plants uro far more nitrogenous tluiu the 
grasses, an<l Jmy contaiuing some clover will, other things being equal, contain more, 
nitrogen than grass bay. The hay on the plot receiving cincro.als and 400 lbs. ol 
iimmoiiium salts appears to stand lowest as to nitrogen because it is u purely piass- 
hay, but still inoro l)ec;iiiso the crop, under the inflinmco of a liberal manuro supplying 
no excess of nitrogen, is hero better matured, tending more to stem and flower tliaii 
on the unmanured plot. 'When tlie ammonium salts are doubled, as in tho next 
plot, and tho nitrogen supply becomes cxcc.s.sive, tho percontago of nitrogen m po 
hay risc.s at once. There can bo little doubt that if the grass crops at llothanistccl 
wero cut in a less mature condition, tho difiference-s in their compo.sit ion would bebmii.. 
to be far more con.siderablo. Tlic same amount of food which is only nclwiuate lor .i 
large full-grown plant is oxces-sivo for a young, and therefore small, plant. 

The composition of the ash of a fodder crop is greatly influenced by the ‘ 

the soil. The ash of a perfected set'd is very constant in its exposition, vmwe'; 
be tho manuro applied, but the ash of a green plant i.s greatly affected by tno < 
of tho soluble matters in tho soil; a luxuriantly growing plant 
excess of many of tho ash-con stifuents which it requires. Tlio alteration in o 
position of the ash resulting from differences in the soil, OP in the manuro, wi j 
illustrated by giving the asli analyses of some of the experimental nay F . 
Kothamstod already desci’ibcd. Tho analyses represent the average 
the nsh in thr«o successive years, 1856-8 {Jonr. Roy, Agri, Soc. IBoU, j 

here recalculated to 100 parts, omitting charcoal and sand. ^ i f nne-hrvlf 

It is seen that wherever potash was applied tho amount in the ash is 
more than in the ash of tho crops receiving no potash. l•_-l y ridi 

salts (mixed sulphate and chloride) were employed, tho ash hepomes \ tionlv 
ill chlorine. Pliosphoric acid is increased in eveiycaso where it was appii ’ ^ is 

to a small extent. This increase, both of base and acids, resulting i ..-ig uliiil 

accomprinied by a corresponding falling off in lime uiid silica. The high ca 
and low silica in the a.sh of hay manured w ith cincrcnls only is due to 
amount of leguminous herbage present. . . r ni* will !>« 

A further instance of the influence of soil on the^ composition oi w • . 
found on comparing the ash analyses of clover grown in a garden ana neia ^ poorer 
given ; the clover from the field is far richer in lime and magnesia, ana ^ , J^gr. 
ill potash than clover of tho same age from tho garden soil. Kreuriwge 
Chemiff, 1866, 270) gives ash-analyses of clover manured with various 
is an increase of potash, soda, phosphoric acid, and chlorine, whore these 
but no increase of lime or magnesia followed their application. Ihe 
potash and lime can be substituted for each other iu green clover i» » 
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i - 

Xo Miuiiirc 

AuiDioiiiuiri 

-lOU lbs. 

1 Mixal 

rii«;r«il 
Manui'u 

CiiiLTcaJ-;, and 
AiiiiiiDninin 
.me lbs. 

(JiiicTcal.s, aii<i 
Atimiotiiiiin 
SaltB HOI) lbs. 

i i’ofasli . 

2i;J9 

lS-18 

30-79 

2!)-75 

30-32 

i f?oda 

8-83 

10-90 

4 73 

7-47 

8-91 

i fiiino 

15-73 

14-75 

13-8fi 

10-20 

9-10 

1 .U.igiiesiii 

1*34 

5-00 

3-82 

3-61 

4-17 

l'’(MTic <ixiile . 

■13 

•12 

•32 

■47 

•54 

I’lio.'iphoric ,'iciil 

5-09 

4-94 

fi-89 

6 67 

6 26 

1 .Sulphuric iumJ 

6*38 

8-04 

805 

' 6-64 

6-00 

; Cliloriiui 

6-52 

15-59 

(>■74 

1 17-47 

' 20-92 

: Ciirbonic iicid . 

o'89 

3-41 

(>•86 

1-98 

, 1*81 

: .Silica 

2717 

I 22-52 

19-46 

19-68 

I6-GS 

j 

! 

lOO-OO^f 

100-00* 

10000* 

J 00-00* 

10000* 


* The oxygeu-cqiiiviilcnt of the chlorine is here deducted. 


jn.rcoiit.'igo of potiisli in tlio ash ranging from 15-40, and tlio limo varying as greatly 
ill :i 11 in verso direction. The same is true of other loguminous fodder crops. The plant 
^^:f:llls to take pol ash hy prolerencn inrhoii it can got it, and to assimilato limo as a sub- 
Hiitntc?. It is thus well established that the composition of the ash of green crops is, 
vviiliin certain limits, largely dependent on the nature of the soil and of the manure 
ipplied. 

The infliienco of climate and season on the composition of fodder crops is mainly 
m affecting tlirir maturity. In a cold wet season blossoming is retarded, and takes 
^laco but partially; the crop then has a composition proper to a loss mature condi- 
i<m llwii when the season is dry and warm, and lilossoming takes place earlier and 
ill jrc abundantly. The groat influence of season in this respect lias been already 
Ihistrated, as far as tlio proportion of ash is concerned, by the table showing the 
'Jinposition of the hay grown at llothamstcd during eighteen years ; it will bo seen 
h.’it the percentage of ash in the liay is influenced to a greater extent by season than 
'} Diaiiurc; the same is true of llio variations in nitrogen, wliidi the table does not 
upply, 

^ come now to 1 lui last element in the composition of fodder crops, namely, tlio 
jiaraclcra proper to tlic different species. What has been already said concerning 
-If* rast lufluencij of ago, soil, and season on tho proportion of the constituents of a- 
I'ticii plant, inak(!S it, very clear tbit to distinguish accurately between different 
3* tier crops they must all be grown under precisely similar conditions, and har-^ 
m at the siiine stage of development. Different investigatora have taken pains 
1^1 some of tlio necessary conditions should be uniform in tho plants tlicy selected. 

I analvBis, but no investi^^^ have succeeded in insuring the presence* 

c.st> t ° rcipiirwl for an exact comparison. The results of different in- 

^ igatore iiro also seldom comparable, working as they necessarily li.avo done in dif- 
juin season.s. It is impossible, tboi’efore, to prepare a table whicli shall 

^ pare exactly the composition of fodder crops; all that can bo done is to call at- 
5ccie*' gtincral principles which determine differences between different 

‘e tiuie*!Su averages of analyses of tho more ordinury crops, harvested at 

contein in all their parts a considerably larger amount of 
'ssible li crops ; they also yield a larger amount of ash. It is quite 

'•PC both f immature, richly manured graminaceous crop may contain 

lueumin*^. 'Tnd ash than a mature loguminous crop. Tlio two great classes 

the gKiminacwc include nearly all tho fodder crops ; to distinguish be- 

' Q difforout species in these two classes we cannot do better 

’’Sc prounrt^'^ J plant. A plant tho character of which is to produce a 

tho hiVf contain more nitrogen than a plant of Uie Siime 

““P obsciw ™ vhich is to produce smaller or fewer leaves. Thus, as Areiidt and 
^on^'st H as Jirica 9m^«aand Lolimi jicrenm will always stand 

^rr grasses, while grasses of such habit as Hotcua ianatua 

‘^fdiuin amongst the more niti-ogonous. In the same manner 

Run amongst tho nifwt highly nitrogenous clovers, and Tri- 

MM 
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folium vwarnatum will iMiik avUIi ihopo contiininpr loast nitrogow. The woody filno 
will follow a,n inverse order to the iiitTOgeii, and will bo niore silmndant in stommy 
than in Iwify herbage. As the leaf is the driest part of the plant, a plant witli 
dant foliagtJ will evidently contain less water than sniothcr of thr? same da-sa wliuh 
runs to Rtoni. Siiiiilar resasoning might probably bo applied to other ingredients if 
our knowledge were more oxl ended ; thus Arnndt .and TCnop ob.servo that leafy grasses 
or sedges ermtain considerably more si]ic;i than others which have a greater prtjportirm 
of stem; in niakiog this comparison, however, it must be recollected that tlio nuu-o. 
luxuriant the plant, the less silica will it contain. A leafy grass, according to ilip 
same oh.servery, will also contain 2-3 limes as much lime as magnesia, while gi-Hssps 
with leaves close to the .stem contain these bases in nearly equal proportions. 

The following investigati'ms have been made on the compo.sitjoii of individiuil 
species. Way {Jour. 1853, 171) has published full '.inal3\s(‘.s of pi 

grasses, 11 leguminous fodder cro]is, and 10 weeds and meadow-plants all colJjvtc; ! 
when ill blossom. Tho most nitrogenous grass was Bromua mollU, containing ly-j*) 
p.c. of albuminoids in the dry .state ; the loa.st nitrogenous was Briza midia, containin;; 
0-08 p.e. Tho most nitrogenous leguminous plant was ricia saliva, containing ‘iS-ljl 
p.e. ; and the least nitrogenous. Medico^o .saliva, cuntaining 12-70 p.c. of albiiniinoiils in 
the dry state. Amongst the weeds, Poteriitm Sangiiisnrha and Tianiago lauccnfaia 
wove the most nitrogenous, containing respectively 3 6‘75 and 1 1*20 p.c. of alhnini- 
iioids. Way's ash-analyses of these plants have been already given in tlii.s dictioiuny ; 
sue ‘ Koddor ’ and ‘ (Irass’ (ii. 680, 943). 

Ritthaiiseii and Sclu-veii {Jahresh. Agr. Chemir, 1859, 7G) have published complijto 
analyses of 21 grasses and 8 leguminous plants giithenxl at the time of blooming. 
'’.I'lwj most nitrogenous grass was Alfypraunts genktdatus, containing 13‘0 p.c. of sillm- 
minoids ; and the lea.st nitrogenous, Vhleumpratciise, containing 0*3 p.c. of alhurainouls 
in the dry state. The most nitrogenous leguminous jdaut was Vicia cracca ; tho Icnst 
nitrf^enoufl, Trifolixim sc ; they contained respectively 24'0 and 14-28 p.c. «)f 

albuminoids in the dry. 

Arondt and Kiiop {Landw. Vcrsnclis-Staiionen, 1860, 32) have given analy.scs of 
22 grasses, and of 10 sedges aiul rushes, nearly all at the time of blooming; they de- 
termined the nitrogen, and some of tho ingredients of the ash. Among the grasses 
Holcus lanttins wa.s tlio most nitrogenous, containing 17'G p.c. of albuininoid.s, ami 
If'estuca datior ami Ayrostis Spied Vcnli the least nitrogenous, both contAinirig 71 
p.c. of albuminoids in tho dry. Of the sedges, Carex flcw/a contained IG'4 p.c., and 
Carex viilpina 12*2 p.c. of albuminoids, these being respectively highest and lowest. 
J mictiB conglomeratus yielded 13-6 p.c. of albuminoids. The ash in the whole serks 
ranged from 13*7 to 5*7 p.c., the highest ash being given by Carex remota, and tho 
lowest by Juncus congloTneraUis, The ash of tho true grasses ranged from 9*58 to GO 
p.c., Hordeum marinnm yielding the highest, and Glgcerta aquatica the lowest ash. 

Tho following table exhibit* tho average composition of various fodder crops w^hen 
in full blos.sora ; the analyses are calculated as hay containing 15 p.c. of water. lOfi 
figures given for Meadow-hay are the moan of more than 60 analyses, and roprcsint 
hay of good quality. The figures for Red Clover are tho moan of 1 1 analyses, «vni 
fairly represent tho composition of good clover hay. The remaining 
each caso tho mean of only a few analyses, mid arc less trustworthy. The ash giu 
is with carbonic acid deducted: — 



■Water 
in Frc»h 

Water 
in Hay 

AlbiiTni. 

nuida 

Fat 

Non-nltro- 

geiious 

Extractive 

Matter 

Woody 

Fibre 


Grasses, mean of 18 species'! 

(Way) j 

Gmbos, mean of 21 .species'! 

(Ritthausen and Sclievoii) j 
Meadow hay 

Red clover 

White clover 

Trafoil .... 

Vetches . • - 

Lucerne .... 

Sainfoin ... * 

Crimson clover . 

Kidney vetch . . i 

68*8 

70-8 

78*0 

80-0 

80*0 

820 

740 

790 

82-0 

83*0 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

16 

0-4 

7*8 

! q.O- 

11-2 

15*7 

15-7 

14-5 

14-5 

13-9 

12-9 

9« 

2'6 

2-1 

28 

3-1 

3*6 

3*3 

2-6 

2-5 

2-6 

30 

2-4 

38-8 

351 

41*0 

37-2 

«67 

34-4 

35*2 

34S 

34*7 

30*8 

39*5 

28‘a 

34'0 

26-8 

24-8 

22*1 

26-8 

26-9 

28 -r 

28-7 

82-8 

28-6 

5- 7^ 

fio' 

6- 2 

1 5'7- 
c-;i 
6*8 
O'S. 
6-5; 
51 : 
6*1 1 

3 
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The liiglicr mnount of fibre in tlio ^sses tlisiii in the meadow hay may partly be 
I to JiflbrtMjt methods of aniilysiH, which, in case of tho detcrniiuation of fibre, have 
iried j^rcatly ; but probably the cliffcrcnce arises chiefly from tho fact that meadow 
iVav contains ii deal of young uuder^jwth, which would not be irufluded in the 
lloucring grasses .selected for analysis. After-math (autumnal) hay is richer in nitrogen 
than tbe^iTrst crop, the season being less favourable to the maturity of tho plant. It 
is seen from the taldo that moa<low grasses contain less water than tho clovers, when 
are compared at the time of blo-ssom. 

TJm conlpotii^ion of l.lio ash of fod<ler crops i.s subject, as already .seen, to .so wide a 
riii^e of variation that it would only bo misleading to quote analyses incases in wliicli 
iif) gcin ral average is obtfiinablo ; avo give tliercforo only ash-analyses of maidow hay 
itmlof red clover hay. The analyses are in each cii.so tho mean of a large number 


1 K“0 . Na“0 

CsiO ! MgC) j Fc'0^‘ 1 

i 1 1 


Cl 1 SiO'-= 

CO'" 

:\lo;idnW h:iy • •'i‘70 

13-46; 1-82 1 -16 1 

6*06 i 6-17 

7-73 W-53 

r3()7 

Itcil clover Ii:iy . |26 !il . 1'22 

25 03 j 9-30 ! -57 

7-66 ‘ 2*28 1 

2-S2 ' 2 0& 

1 1 

22-77 


T]iechMraeteri.sticdifi!jrence between thenslicsof leguminous and graminaceous fodiler 
( iv>|)!! is iho nearly entire absence of .silica in tho former, and tho presence of a largo 
<Hiiuility of ciirbouic acid. It is tho practice of Clermaii chemists to ileduct tliis ear- 
lumic ni iJ and nvalciilato tho ash to 100 parts. This plan has occasional advantages, 
hut it entirely de.’sl i’oy.s I ho characteristic feature of the ash, and the relation of tho 
;isliraiiiilvsis to tho amount of a.sli yielded by tho plant, thus introducing much con- 
tusion if* full details .iro not given. The ashes of the other leguminous fV>ddcr- crops 
:iiv vei’v sirullar to lli.it of red clover, and subject to the same violent fiuct nations in 
l!in liiiu! and potash. 

From the above data it i.s easy to calculato tho quantities of nitrogen and of ash 
u'liMitiiioiits which ordinary crops of hay remove from tho soil. Taking the average 
rmpof meadow liay at ton, and of clover hay at 2 tons per aero, tho quantities 
removed by those crops will bo in pounds per acre : — 


i hay, 1 J Ion 

■ CloA’cr hay, 2 i.ijiis , 


Nitrogen 

K-U 

CiiO 

MgU 

P=0" 

SKP ' 

Total 

A.s1i 

49*3 

60-3 

1 28-1 

10-1 

12*7 

' 67-5 i 

209 

l01-(> ; 

' 87*4 

1 1 

30*9 

i 25-1 

: 6-8 , 

332 


Tho composition of hay does not tliffer fnim that of the plant from wdiicli it is mado 
if tin: drying i.s carefully and quickly conducted ; the finer pirts of iho plant arc, how- 
tvfir, apt to be bnikeii oft* in hay-making, so that the percentage of albuminoids Avill 
ottiin be .1 little lower, and of libro a little higher in the hay than in the grficii crop, 
when hay .suffers from rain in the field, there may bo a con.sidorablo loss both of soluble 
■Afih.md albuminoids (sco Boyer, Jahresb. Aqv. Chemie, 1867,267). The amount of 
^v:itcr in hay is subjoct to much variation, in tho Rothamsted l*ark liny tho extremes 
■iro H o~-2.3 p.c. ; this will bo about tho rango in good liny. CloA'cr hay generally 
contains rather more water than meadow hay. 

Iho ch.ingcs Avhich liay undergoes in the rick haA'o been little studied. Tho active 
a-iiiciitatioii Avhich takes place in damp hay and results in tho well-known heating of 
10 rick and ehango of colour in tho hay is accompanied, according to Voolcker {Jour, 

• iT 1 * groat loss of sugar and other soluble carbo-hydrates, 

•1 If alsoot soluble a.Hmmiiioid.s, while aldehyde and acetic acid aro among tho prodiict.s. 
f'”® ^°.^osiius (Jakresh. Agr. Cfie^nie^ 1867,' 268) ammonia is also formed. Tho 
matter in dark brown hay is shown by its high perconfcigo of ash. It 
in th tho fibre of the hay becomes more digestible by forniontsitiou 

incr®'^ tliorc aro no experiments which show that its solubility is thereby 

-.I simdl amount of heating that takes place in well-made hay is pro- 
i material effect on its composition. 

1 7- 1**18 been mado the subjoct of a special inA'cstigation by 

fr(« hicsow (Zrfr/;c?tr. yr.rsiichs-Stationcn,:sd\i. 241; xvi. 40 and 47. Cfieui. 

^**1' from meadow hay, when purified from chlorophyll by 
flrvKii?! solution with animal charcoal, iimount.*i to about 1*62 p.c. of fl*/' 

Btancf, that from clover hay aiiiounts to 1*61 p.c. (si^u table B, p* 606), This' 
mm2 
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fat IS separated, hy solution in boiling absolute alcohol, into a waxy siibstanco \vl • i, 
IS deposited on cooling, mid into a fluid fat which remains in solution. IConie 
regarded tho fluid fat as a true glyceride, but E. Schulso {JAindw, VersiecA,>i-S/aiif) 

XV. 81) has shown that the fat of hay yields no glycerin. Konig aiul Kiesow 
now upcortaincd that tho waxy matter cuiiLaius ceryl alcohol, cliole-storin, and a 
carbon molting at and having tlio percentiigo composition Sl oe carbon 

li") 28 hydrogen ; tliis agrees with tho formula but the new body is nossitJ ■ 

cerotene. Cf-nitic acid, and various unidentified incinbers of tho acrylic serii-^ 

W'ei’i} also found in tlie fat Irom tlio hay. 

Mclhoil of Analysis . — TJie analysis of fodiler is effected on the partially dried sub 
stance. AVator and ash are. doLcrmiiicd in the usual way, the ignition for asli boii/r 
conducted at as low a tcmipcratiirc as possible. Fatty matters are sepiratcjd bv 
extracting the dry substance witJi ether till no more soluble matter is removed. Tl/y 
ethereal solution may be purified from chloropliyll by treatment witli animal c]i.irco;il 
but some loss is suffered in this operation, us the charcoal, oven when well iviisiud’ 
retains a little of the fat. The ether is linally evaporated and the residue dried ami 
weighed. Tho nitrogen is generally determined by combustion wdth sodadinu!, fiu.l 
tho amount of total albiiiniuo'ids calculated from the iiilrogcu found. For tlii.s piu-jKjsc 
the nitrogen is by different clicmists multiplied by luimljors ranging from 6‘2a -(j-aV 
according to the view taken of the general composition of albuminoids. Tho Wit 
number is most generally employed on tho continent. It is very probable that in an 
iramaturo plant, containing materials not yet fully elaborated, tho whole of the nitropeii 
is not present as albuminoids, but oxists pai’tially in a lower form. The subject jjas 
been little studied, but it i.s w’cU known that vetches and other plants contain nsjura- 
giuo (Cossa, Gaszettachimica italia,iaf\.ii^T^^i\iiiiL leucine (( roruji-Besanci!:, ijh.n. 
(t€ 8. Ber.t vii. 3 46), iiiid that green crops grown by sewage contain nitraU‘.s (Miller, 
Linidw. VcrsucJis-Stationen, xvi. 241). In the iibsouce, thcreWe, of exact detormiuii- 
tions, it must not be supposed that the nutritivo value of highly manured crops neces- 
sarily rises with tho rise in nitrog<m.‘^ The detenniiintiou of vegctfiblo fibre presents 
peculiar difficulties. The libro x)rcseut is at least of two kinds, celluloso C"1I“'0*, ami 
lignoso, a substance which encrusts the cells and contains about 10 p.c, more carliou 
flmn cellulose. TIicso bodies aro ditteroiitly acted on by reagents ; thus, pnritlcd ci)ttii!i 
(eolluloso) is almo.st completely dissolve<l by sulphuric acitl, sp. gr. 1-63, when allowed 
to remain in contact for many hours, wdiilo cork aiul other tissuos rich in ligaosc arc 
scarcely acted on. On the other hand, digestion in tho cold with nitric acid, sp. trr- 
1 TO, and potassium chloviito (F. iSchulzc's method), dissolves lignoso pretty readily, 
but has little effect on cellulose (Churcli's Laboratory GuidCi 3rd edition, 196). I'er 
some account of tho very various methods that liave been employed in doteniiioing 
fibre, see Pillitz (Zeitschr. anal. Clitni. xi. 46). Tho plan most usually employed is 
that of Heuiioberg and Stohmau. 3 grams of tho dry suhsUiuco in coarse powder aro 
mixed with 160 c.c. of water and brought to boiling ; 50 c.c. of sulphuric acid contuin- 
ing 6 p.c. of oil of vitriol are tlnui added, and the w'holo is boiled for half an hour, 
water being added to mainUiin the volume at 200 c.c. Tho whole is allowed to cool, 
the clear liquid syphoned off, and the residue traiisfevred to a weighed filter and well 
washed with hot water. Tho fibro is then returned to tho beaker, and tlio original 
operation repeated, substituting for the sulphuric acid 50 c.c. of a 6 p.c. solution of 
sodium hydrate. After boiling for half au liour a considerable volume of cold water 
is added, and after standing the clear liquor is syphoned off, tho fibre collected on 
the w'tighcd filter, washed first writh hot water, tlien with a few drops of hydrochlonp 
acid, then well waslied with water, and finally with a 1 p.c. solution of ammonia bll 
the washings are colourless ; the filter is then (feed at 100® and weighed. As tho fiow 
is not quite pure, it is necessary in exact analyses to detormino both ash and 
in the fibre after weighing ; tho nitrogen is then calculated as albuminoids, and 
albuminoids and ash are deducted from tho crude fibre. In tho case of substances wn- 
taming fatty matters those should bo removed with ether before commencing the deter- 

inination of fibro. The reagents employed in this method dissolve the softer 
both cclhiloso and lignoso to a small extent. A trustworthy method of distin^wju^ 
between lignoso and cellulose in the analysis of feeding materials is much to be 1 
as the results of tho Gorman feeding experiments show that cellulose is ^ 

ruminants, while lignoso is not. ^ 

VOaKIO AOX9. CH*0» = H.COOH. This add ia 

the union of hydrogen and carbon dioxide under the infliionce of the silent j 

discharge: II* + CO* « CH'D'-'. When a stream of the mixed gases ivas pa 

* The feeding experiments conducted at Ilngby by the Hoyal Commissioners wit h 
nnsewnged grass, showed that nn increase of nltR^n In the crop did not determine n j 

value if the oonditlons necessary' for maturing the cn)i) were absent. Thus late autumn w 
grass, though far more nitrogenous, wus not equal In fcctling value to the spring crops. 
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, •' contriiction of volnmo took place, tho resultant 

.sVas inoiioxide, with a small quantity of marsh gas, and 

dioiis ()l :iii oib’ were deposited in tho tube, wliicli gfivo tho diaractoristie 

::riouriS'fen,i. du (m, xx,-. 245 ). 

On the UfJit produced in tho lormation and Ducompusition of Formic Acid, seo 

^ Contmo}i of Fonnic Acid into Methyl Alcohd . — Calcium formate, subjected to 
flrv distillation, yields formic aldehyde, and this compound, treated with sodium- 
iin;ili?'iin, yields a small quantity of methyl alcohol (Li ehen a, .Uossin, Ck.Phnrm. 
I'lviii- 107). 

Siptfhe.'ih hy mca)is of Fasemf Fonnw Acid , — When el by lone gas is passed through 
:i l)oi ling aqueous solution of potassium cyanide and potiissium hydrate (-which yields 
luiiiiic JiL’itl), and llio liqiinl aftcpwiirds distilled with siilplinric acid, an acid dis'tillato 
is ijU.iiticil, yielding a h ad salt, only a small portion of -vvhicli is soluble in w'atcr; 
:inil on distilling tho soluble portion with sulphuric acid, l»oiIiiig tlio distillate witli 
im iLiiric oxide to remove formic .'im'd, trcjating the })r<wluct with suljduirettcd hydro- 
iiiul the filtrate -with silver carbonate, a small quantity of a silver salt is ohhiincd, 
Living ilm characteristic acicular form of flil vor propionate. A similar result is 
I'lii.iincil by passing ethylene gas througli a mixture of oxalic ncid ami glycerin at 
Jl(t-'l20^ Jl, a])pears, then, that formic aci<l. in tho nascent state, is capable of 
iiriiing with non -saturated hydrocarbons, yioliling acids coiilniniiig more earhoii than 
du Iiydrocarbua cmplo^'cd (Carslaiijcn a. ticliorlel, J.pr. Chevi. [lij iv. ol). 

rOSMZC AWfiBYBB or FOXMAXiBBBns. Cl 1-0 H.CITO. Tliis 

0. 11upoiiml is foniied in small quantity', together wdth forraie acid ami marsh gas, by 
tho .'u lion of 1 he silent electric discharge on a inixhiro of hydrogen and carbon ilioxidi* : 

1. 'i f ':'ir.!iTio:i is represented by tlio equation: 

(;0- q- 211-0 = IPO + CIPO. 


It .■ipj)ears, also, to Ijo produced in a similar manner from a mixture of hydrogen and 
i irhun Tuenoxide, the marsh-gas obtained in both reactions probably resulting from 
its (l(.‘(.'om]'osition : 2CJJ-0 Oo- -f CIL^ (Bradie, Proc, Eoy, Soe. xxii. 172). 

l'Virinaldcliyd4' is also produced : a. By decomposition of mothylal, IT — CH0(CH“)“, 
ivliiih is ]\:liitcd to it in tlio same manner as acctal to acetic aldellyde. When a 
jjiixtiirc of mothylal and sulphuric, acid is -warmed, an odour of formaldrdiydo becomes 
I'lTccptible, niid a sublimate is forinod consisting of tho solid modificHtioii of form- 
.‘liilchydi!. The action of cold sulphuricacid on mothylal also gives rise to the liberation 
"i' I'oi’iimlilcbyilc, which, at the moment of its formation, combines witli the sulphuric 
Jifi'l, forming ii compound analogous to sulphate of chloral. 

ff. ilythc action of acids on mctliylono acetate, obtained by digesting mothylcno 
iinlidii Avilli silver acetato and glacial acetic acid at 110^, and rectifying the distilled 
I'WKluct over silver acetato. The p(jplion boiling but-wooii 130^ and 170° may be 
'iswl citlier as such, or after being heated to 100® for six or oiglit hours wdth an 
iqiifil wciglit of wuLer. The latter liquid, which contains cither free formaldehyde or 
tiio coinpouud CU-:— (01I)(0C-li®0) is called by Baoyor * aqueous mothyleno acetate* 
(A. hneyer, Petit. Chvm. Ges. Btr. v. 1094; vi. 220). 

Aciion of Formaldehydcon Aromatic Hydrocarbons . — Bonzeno treated 
^itn a mixture of mothylal, acetic acid, and sulphuric acid, is converted into dipho- 

n.vl-mothanc C1P(C“1P)«, 

2C«IP + CH«0 -- IPO + 

inixturc of 40 grams incthylal, 120 benzene, and 400 glacial acetic ncid is treated 
"^^1+ c(iual parts of glacial acetic acid and sulphuric acid till tho greater 

^ liftn ^ benzene has separated ; tlio mixture after 24 hours is gradually mixed with 
>0 gmms of sulphuric acid, keeping it cool; and tlio wJiolo is loft at rest for some 
after whicli it is diluted with water and shaken up with ether. Tho ethereal 
• i(,n when distilled yiold.s diphenyl-mothane. 

intn^.^ 1 treated in a similar manner with mothylal and acids is cemverted 

M wliieli crystallises from alcohol in leaflets molting at about 

» • nil having a constitution represented by the formula : 




C»H^ 


L^y^^rocarbon C”H*\ who.so constitution is represented by the formula 
: ’ -ClP-C-H^-Cir-.C«H=. 

i ' ^ diphenyl yield a hydrocarbon which separates from chloroform 



534 


FIIANG U LIN— FRKIESLEBENITK. 


AVhon concentratoi.1 siilpliupiu firid is tuldod to a mixturo of methyleno acelato ] 
zone and glacial acetic acid, an oil is formed wliicli boils botwoou 260° and a tcin ' 
tiiro above. 3G0°, and consists of hydrocarbons. l**^*^^" 

Mesityleiie, trentod in a. shiiilar manner, gives a very chnractopist.ic roaction- 
adding n cooled mixtiire of 10 parts acetic acid and an equal volume of sulphuric ' 
to a solution of 1 part mesityleiie, 1 part im'thyloiie acetate, and 10 parts acetic^. / i 
ami leaving the mixture, after agitation from time to time, at rest f«)r 24 hours 
colon i‘1 ess cry stills are formed consisting of dimesityl-mijtli aiie, CH-(C®JI"p ’n..] 
by reerystallisiitioii fmm ether, is obtained in monocliiric. prisms having almost 
form of cubes; they melt at 130° and resolidify at 62°. This body is so rcfulilvi, * 
duced that its formation may be used as a test either of nu'sil.ylcnc or of formalJehvV. 
'Flic reaction novor fsiils, even if, instead of tho pure aldehyde, a solution of uietV I 
alcohol fiiitl cliromic aciil in glacial acetic acid is used (Ihieyer, loc. cif.) ^ 

Action on Plienols . — ^Aqueous imjtliyleno acetate and hydrochloric acid yield, with 
plioiiol, aeolourle.^is resin, with py rogallol, a substance resembling tannin ; and with 
resorcin, an iii.soluble boily which burns like tinder. Gallic, anil salicylic 
form similar substances : the compound obtained with gallic lurid forms coiourhss 
noodles having tho composition (Baeyer). 

riUlirGVliZir, and rRAXTCVUC ACZB, C'‘II«0^ (IJ!? Huppi 

G23). A. Fau.n Ch. P/umn. clxv. 229), prcpfir(‘S frangulin by digesting tlioUirk 
of Rhamnns frangiila for three (hiys with alcohol of {)0 p.c. at 2.>°- 30° ; partially dis- 
tilling oif the alcoliol ; suldiiig leaci acetate Uj the residue as long as a preciyiil-ito is 
formed; preci pi luting tho filtered liquid with leml acetate ; diftiising this ppocipilsiiK 
t hrough alcohol ; and decomposing it with sulphurett ed liydrogeii. Tile resulting liquid 
filtered at tho boiling heat yields, on cooling, crystals of frangulin. 

Ciisselmann describes frangulin as crystallising under Urn inioroscopo in sqiuu'.' 
tables; Faust could not discern these tallies cither in his own preparation or in u 
specimen yireparml by Cnsselinniin ; moreover, the tw'o samples medted at 220° iinl 
225° respectively, instoad of 24d°, as stated by Oassclnumii. F'ningiilin. after nen,^- 
tallisation from hot nlcohol, forms a Icmoii-yellow' crystalline nuuss, and clis, selves i:i 
alkailis with a deep chcrry-rcd colour; when boiled with hydrochloric acid, it splits iqj 
into gliicoso and fraiiguliis acid ; 

Frangulic acid, isomeric with alizarin, i.s ino.st convoniontly prepared by boiliu" 
tho bark with rain-water for an hour, adding caustic soda, equal to oiie-tw'entiutli (jr 
one-tliirticth of the weight of hark taken, and boiling again for several hours. Tlio 
resulting liquid extract is supersfiturated with hydrochlonc acitl, and boiled for .‘ioiiu! 
hours, whereupon tho frangulie acid separates, and can bo collected on a cloth filtn’: 
tho dried and pulverised precipitate is boiled with alcohol, and tlio hot alcoholic solu- 
tion procipitutod by neutral lead acetate (which KNircely precipitates frangulie. ficiil); 
tho filtrate is precipitated with basic lead acotato; tho precipitate ilisseminatod tliiuiigii 
alcohol and decomposed by sulpliurettcd hydrogen ; and tlio resulting liquid is boated 
to boiling and filtered hot, tho acid then separating from tho filtrate on cotiliag. Tins 
treatment with lead salts, &c., is repeated several times ; and tho purified acid, after 
being dried and boiled with benzene to separate sulphur, is finally rccrystallised several 
times from hot alcoliol. Different samples of bark differ much in tho quantity of fran- 
gulic acid obtainable from them ; in oiio case, 60 lbs. yielded only a few grams. 

Frangulie acid molts at 252°-254°, and sublimes partially at lower temperatures, 
it is but little soluble in hot water, and insoluble in cold water and alum-soliiUon , 
alkalis dissolve it, with a red colour, removed on boiling with zinc-dust; on treatiii?|‘ 
with red-hot zinc-dust, anthracene is produced in small quantities ; it crystallises m ^ 
1.^ mol. water, the last .iH*0 being removed only at 180®. 

Dih}H>mo-frangulic acid^ is obtained by adding bromine to an alcoho 'j 

solution of the acid; il. is a ligbt-red crystallino mass, difficultly soluhlo lucoi 
alcohol. 

Diacctyl-frangiUic acid^ C**It®(C®lFO)*0*, is obtained by heating the 
excess of acetyl chloride in sealed tubes to 130°-150°; it dissolves in about SOU p 
of boiling alcohol, separating almost wholly on cooling, us a crystalline mass ot 
sided prisms, visible under the microscotio ; it melts at 184°, and when doconuposeu . 
caustic potash-solution yields frangulie acid in its purest form. 

nunSBUBWITB (ii. 710 ). Th. eij BtiiUiiic system of this mSne^ : 
variously stated to bo inonoclinic, rhombic, and triclinic. To decide tlus qn 
V. Zopharovicli availed himself of tho opportunity of examining a 
i*rzibram, 2 mm, long, ^ m. broad, and terminated at one end with 22 exceedingly*’* 
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fiiois. tog(.‘rlier with many other loss perfect ones from lh« same locality. All his 
Jiccordetl in indicatin" 1.ho rhomhic s^-stem ns the true one. ^Iho s2)ocilio 
trr.ivity oftlK'.stj evystiils dilTiTinfr not inconsideriihly from that of fiH:i(JslDl)cnito, v. Ze- 
liliinovich exairiineil the typical specimens of ihcj latti-r from h’r<.‘il)erp and Hit‘n<loliu;M- 
(■inii and found thi‘m to agree, in respect to form ami density, with tlio data given in 
Prooke and Millers Miucraloqt/. The Przibram iinnera], thereibre, is notfreieslebenitu, 
; 5 s JleuHs, from his annlytienl results, which iindoiibl odly correspond Avith the com- 
m-.dtion offreicsleheiiite, Avns led fo believe. 

V /cpliarovich arriA’c'il at the following concliisions : — 

]. Tlie mineral hitherto termed frcicslebenito consists of two distinct spocios, the one 
iiM.iloclinic, the ot her rhombic. 

2. Tlio two sin cii's liave the same composition, Imt dilh r in form and density. 

M. Tlie siil'sl-anct' Ag'Pb*SlAS'* is, theridbre, dimor]>hoiis. 

t. 'file rhombic species. Avliich has been termed d ia pliori to, and has a dmisily 
r- .V90, is fonml at Przibram; no frciuslebeiiito aceompaiiit s it. Al IJrjiiiiisdorff, near 
yprihrrg, it is also met witli s|)arsely, ami in a.vsocialion with freieslebeiiito. 

a. Tlio inonoclinic .«])ecies, f re i es lebi:ni te, whose density is G'So, appears most 
j.romiiii'ntly at J'Vt;iherg and Ilieiidelaencina. 

(;, The forms of diaphorite ami freieslebcnite arc allied ly similar facial inelinations, 
.m l tlicy in turn show a n'lation to tlio similnrly constituted species, bteplnuiito ami 
jmtinionito (v. Zcpluirovich, Jahrh. f. Mhtcrulogir, 1871, 277). 

FVCUBOXi. Thi.s substance, isomeric, with furfurol, obtained by boiling seaweeds 
witli (libile siilpliiiric acid, has been re-e.v;iniined by iStenhouso (iVoc. Jioy, Snc. xx. 
SO), wlio discovered it (ii. 711<). ^'he results of the new iiivesligiLlion iigrco pcrflaMly 
wltli those of the f(jriiier (juo as regards the diftiircneos in the plty.sieal properties <>f 
lurfiirol ami fiUMi.sol, the didcronco liotAveeii the pnidin ts obtained by the action of 
;iiimi()iiia on tlio two substances, and between the ba.*<es ihonved from these produets. 

crystallises, like In rfu rani line hydrochloride, in ncedlo.s of 

ii sjilendid purple colour. 

Piirfnrol, boiled with water and silver oxide, yields silver p 3 ’romucate, C^lPAgO*, 
wliirli crysbdlises in scales. .I'ucusol, similarly treated, yields an isomeric silver salt 
wliiili is moderately soIuIjIo in boiling Avater, and crystailiscs, on cooling, in long flat 

lii'rdlrs. 

P'Piinmiicw 4(cid,j separated from this salt by hydrochloric acid, crystallises from 
its aqueous solution iJi smjill rhoinboiVhil plates melting fit 130°, whereas ordinary 
I'yroiiaicic acid forms flat needles meiting at 133° (Stcnhoiise), at 13‘1'3° (Schwanert), 


G. 


it The bi-refracting cry.stals of gadolinite from Hitterbo, contain- 

‘g to 12 p.c. of glucina, are nionoclinic, having the axial ratio 1 ; 0*848 ; 0*630 ; 
nnirioot inclmodftxes =--90° 32'; ooP : ooP=116° (Descloizeaux, Ann. Chim. l>hi/s. 
L J. XMii. 30, j) ; compare 1*^ 627. 

or ZnO.Al-O*. The specimens of this niinertil found in the 
in til Mine Hill, New Jersey, differ from the gahnito of other localities 

ifivine ocenrreneo of the cubic plane. These planes are often the largest, 

f'inall f |®/‘''ystals the form of cubes Avith truncated dodecahedral edges, and onl}’ 
b’unc itii Tlieroc.ro also miiiuto planes of the trapozohodron 202, 

nnd JouM * of tho doclocaliodrou ; others of the trigonal-trisoctfihedron 30 ; 

h) thd ° P^'mea between the cubic and octohedral which appear to belong 

‘^'irvcd Rur? These surfaces, rounded and feebly lustrous, blend in a 

culjic nl in admit of accurate niofisurcincnt. The inclinations on a 

i to U 1 crystals vary in diameter 

*>‘ir«hu;ss ^l«-ckish groon, their fragments being oliro-greon, and hare a 

“ f’o, and a specific gniAdty =4’89 — 4*91. Two analyses gaA’o as a mean 
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Oxygon-ratios. 


Alumina 

, 

, 

. 

. 49-78 

11 ?! 

Ferric oxido 

. 


. 

. 8-68 

Zinc oxide . 



. 

. 39*62 

7'82) 

3Iangan(ais oxide 



. 

M:i 

0'26|- 812 

Magnesia 

. 


. 

01 3 

006 ) 

Silica . 

• 


* 

. 0*67 

99-81 



This giA-es tlic ratio of oxygon of and ft as 1 : 3-17. By assuming 1-56 p,c_ ^ 
the ti?mc oxido to bo proscril- as the lower oxido. the ratio bceomcH exactly 1 to 3. This 
variety of gahiiito is richer in zinc than any herctol’oro exaininod. It occurs in nsso- 
rint.ion Avith black mica, apatite, calcite, and a brownish A'ariety of chrysolite Avliicli 
contains zinc ((J. J. Urush, SUL Am. J. [3], i. 28). 


OAZZS, called also Pin're is a siliceotis rock underlying the CTotaceoi:.'; 

strata in the Department of the Ardennes, and forming in tlio southern part a h-ycr 
100 meters thick. It has a griy-hlue to light brown colour ; sp.gr. =1-48. 
gently ignited it loses 0 022 of its voliimo, and has then a specific graA'ity of 1-44. j, 
may ii(j c.nl with a knife. C-rucibles inmlo of it bear, Avithout alt eration, a tompcr.'ilur.j 
at Avliich iron melts. It contains a largo amount of soluble silica, and wlicii hoiltd, 
afler calcination, Avil h camstie soda, yields a siKlium silicate wliich, in the dry slat i', 
con t il Hs 68-00 p.c. of silica. Tlie fir.st tdoA'on of the following analyses are hy 
11. Sainto-Olaire Dcville a. Desnoyers {Compt.rcnd. Ixx. 681); tho tAvell'rh by A, 
•Sell oil rcr-ICcstnor (ibid. Ixxii. 767). 



Silica 

Pol. lu^ol. 

Alum ilia 

• 

Verrir 

r.inio 

Magnesia 

Water 

Total j 


Oxi.K* 

r 

(Niin- 

bined 

llyfrrii'- 

mctiio 

1. . . 

38-3 

40-6 

5 -6 

4-0 

1*6 

0-8 

4-2 

3-3 

9S-2 ' 

2. . . 

36-3 

40-8 

6-6 

4*3 

2-6 

0-8 

6-2 

4-1 

ll)()-7 ■ 

3. . . 

39-6 

39*3 

7’7 

39 

1-7 

01 

4-3 

41 

100-0 

4. . . 

43-7 

40-8 

3-8 

2-n 

0-0 


3-2 

;m 

!}8-7 

! 6. . . 

44-8 

42*0 

6*1 

2*6 i 

0*3 



2-4 

3-0 

1001 

. 0. . . 

29-2 

40-6 

70 

4-1 i 

4-6 

0’6 

8-0 

3-6 

07-7 

7. . . 

31-0 

41-8 

8-3 

3-4 

3-() 

1-0 

5-4 

3 9 

98-7 ! 

8. . . 

47-0 

40-3 

i 3-7 

2-7 ! 

0-6 

trace 

2-3 

2-7 j 

99-2 i 

9. . . 

39-2 

39-0 

1 3-8 

2-0 i 

41 

1-0 

! 7-2 

2-9 

99-2 i 

10. . . 

30-0 

24-7 

! 6-2 

2-6 1 

9-6 

16 1 

123-6 

3-4 

100-1 i 

11. . . 

46-2 

38-4 

* 4r» 

3-4 

trsicc 

traire 

3-9 

4-2 

1(10-6 . 

12. . . 

1 

43-7 

40-8 

' 3-8 

29 

0-9 


3-2 

3-4 

98-7 I 


GA&ACTZWa A nitrogenous substance obtained, according to Morin (e/I Pharni. 
[4], xiv. 11), from milk by first precipitating tho casein with acetic acid ; coagulating 
llio alhuniin by boiling ; removing fat by ether ; concentration ; filtration from oartl|y 
phosphates ; allowing the sugar to crystallise out ; and finally precipitating the galactin 
by alcohol. As thus prepared it contains u little gelatin. 36 parts of dried milk 
yielded about 1 part of galactiu. 

Galactin is soluble in water, insoluble in ether and in alcohol, and is not trniis- 
formed into gelatin by boiling its aqueous solution. It is procipiteted by tannin, l>u 
the precipitate differs from the corresponding precipitate with gelatin in rndissolvinjj 
.nt a temperature of 60°. This property renders the detection of galactin in morw 
fluids easy. 

Galactin emulsifies flits. It is found in hlood, gastric juice, animal memory ^ 
milk, eggs, and many morbid animni fluids, and probably plays^ an important 
animal nutrition. It likowiso exists in notable quantity in the juices of edible pm i 
and ill the fluid of the embryonal cotyledons. 

OAUAJnrK OZZi. The blue oil obtained by distillation of galbanumBOTORr^ 
from Kachlor’s experiments, to bo most probably identical with blue chamoxmio 
(p. 278). 

OAXaSn and GA&IW (A. Baoyer, DeziL Chem, Ots, Ber. »'V 
frrtWffa, C'*H•*0^ is a colouring matter produced by heating 
phthalic acid, or, bettor, with phthiilic anhydride, for some hours, ^ ^^9^. lL«terto 
the mass becomes thick ; on dissolving it in hot alcohol, filtering, and adding w 
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*1 filtrate, n iipecipitiito of nearly piiro gsillcin is obtained, wln’cli i.s easily pnrifiad by 
. ^tiillisation from hot dilute alcohol. The crystals appeal* brown by reflected and 
1 1)V trjinsinittod light ; when tlio solution dries up, the gallein remains as a mass 

mebalJic*. liistre. Ibis almost insoluble in cold water; in hot 
it is spariiigly soluble with a rod colour; in alcohol it dissolves freely, forming 
M ^ilirk-red solution. jCtlier also takes up a little, but tlie solution is colourless. 

(jl ilVin be^irs a strong rosemblanco to hLeiiiatciii, the colouring principle of logwood ; 
like the latter, it dissolves in caustic potash with a splendid blue colour, the solution 
soon assuming a dirty tinge, and in aminouia with a vi«det colour. Tho colours which 
produces on cloth mordanted w'ith iron and aliuniiia, arc finer and more sUiblo tliaii 
lo-nvood colours, and roscinblo more those of lairwotKl. 

Ualkin is decomixi.sed by lioat like liicmalein, cjirbonisatioii tfiking place and no 
.sublimate being formed. It is also converted by reducing agents into a colourless 
eouipouiid, galliu, just a.s hsematein is converted into hacmatoxyliri. 

(T.illoin'nmy also ]je forined by heating pyrogallic acid \ritli trimesie, pyromollitii; 
and prcliniUc iU'ids, as well as with phthalic acid. Tlii.s shows that fho phthalie acid 
lakes 110 part in tho reaction, whicli is simply a dehydration: 3C®II.''0* — 211-0=^-- 
(jisjliiQT Otlii i* <lcliydriiting agents, such as sulphuric aci<i and y.iiic chloride, yield 
f.!i fiisiou with pyrogallic acid, brown or black Ixidics, but lu) gallejn. 

Gttliin, — 'When galleiri is boiled with a large quantity of winter to whicli 

zinc and dilute .sulphuric acid are added, tho dark colour of liio liquiil changes to a 
bght, roddish-ycllow, and on cooling, oily drops separate, whitdi after some time bocomo 
iry.'tJiIline. These crystils con.si.st of gallin rendered impure liy gnllciu ; the galliri i.s 
1 1 st piiriii(!d by crysbillisation from a w'arni aqueous solution of pyrogallic acid. It is 
(•lituineil ill beautiful gli.stening rhombohedrons ami pri.‘jms, whicli are nearly colour- 
Ifs.s; dried in vacito, they yield, on analysis, numbers agreeing with tho formula above 
liiiirn. Gallin, in ihe solid stito, or in aqiicims sjdution, very readily assumcH a rod 
lolour ; it le.‘<s stable than lueinatoxylin, which in other re.spects it greatly nssembles, 
iifing iv'oxidl.sed f<» galle'in in contact ivith ammonia, just as h{cmato.\yliii is converted 
into iiajinateiii. It <lyes inonlautcd fabrics like galloin, 

OilliZiXC ACZS| ( This Mcid and pyrogallic acid are very easily oxidised 
by clcetrnl 3 '.«f<. At first no oxygon is evolved at tho po.sitivo polo, tho gas being 
umiroly tib.s()i'l)ed ; aftcnvanla carbon dioxide i.s evolved, ami eventually a mixture of 
tliisgiw witli oxygen and carbon monoxide (Bourgoiu, J. rJiartn. | 4], xiii. 37C). 

Derii'aiivf's of Crallic acitf . — In tho i>rcparation f)f cllagnc acid by heating 
fiiillic acid to 12(1° with arsenic acid, if tho prmluct, insoluble in water and consisting 
cliicfly of elhigic acid, bo treated with godium-amalgam, then aoidified, filtered an<l 
.'!;;itfitcd with other, several substances are obtained which aro di.stinguishod from one 
another by tho diftbrenco of their .solubility in water. 

Amongst them is a substance, consisting of pale grconish-yellow, glistening 

nredlos, wliicli are sparingly soluble in cold water, and when treated with calcium 
liypncldoritc, become first dirty violet, then brown, and finally almost colourless ; with 
tome clilorido they becomo groonish-bluc, then green, and on tho addition of soda, 
f;ri;cni.«h-brow'U ; with ammonia they turn brown ; with silver nitrate, brownish-black 
li’oni roduced silver ; and w’ith nitric acid, yellowish. Strong sulphuric acid dissolvc;s 
nicm partially, with yellow colour. Manganese dioxide and strong suhihuric acid give 
biio purple- red. 

Ihe suliMtanco is awoakncid,and tho salts whicli it forms with tho alkaline 

oxidise quickly in the air; a crystnllino barium salt, how'ovcr, appears to bo 
onned by treating it with barium carbonate in a stream of liydrogen. 

ccasionally, anotJior cry.stu,lli no substance, probably i.s obtained, W'hich is 

slightly soluble in water; it becomes rod by treatment with 
l'_ nc eniorido. Amongst tim which are more soluble in water, and redden 

'vp,.n ® is found n substance which crystallises in plates, and gives a bluish- 

h I rc.ictiou with ferric chloride (Rombold, Ann, Ch, Vlmrm, chi. 116). 

silver oxide, yields carbonic and pyrogallic acids; 
mod ^ it yields gallic acid, together with pitchy products. Gallic acid is 

‘^riivoznih)'*^ heating tho dibroniinntod acid with argcntocyanido of potassium 

Derivatives, — By Gie action of acetyl chloride on gallic 
• fill SpIi'iv'i*' a compound which he regards as tetrocetyl -gallic acid (ii. 

•I' tJtic -inhv i’.* ^*’^*^*’ Pharm, clxiii. 209), finds that, hy tho action of cither 

acetvl * * acetyl chloride, a cryst:iUisnble product results, which yields 42 6 p.c^ 
. ou 'lecomposition by magnesia, and is therefore triacctyl-gallic acid* 

I'lp! !(oc3jpo)’ ' 

h’GOJl » winch requires 43-6 i>.c. acetyl, whereas tho tctracetyl-acid would 
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require 51 p.c. Naclibaur also fountl that benzoyl chloride gave a dibenzoyl-acid; b,n 
K’hiff finds that it is a tribonzoyl-compound. Jieithcr the trjacotyl- nop the tri- 
henzoyl-giillic acid gives any coloration with ferric chloride; honce no phunolio 
hydroxyl is present in these comp<Junds. 

In accordiince with these results, Sehiff assigns to gellje ucitl the formula 

joOOH- 

f(01l)= 

J^romacfivUgalUc acid, CflIT- J OOTPUpO, is formed by the action of gallic acid r.n 

‘ ICOOH 

hroinaootyl lironiido. It. is an iiiicrystalliwilde compound, stdnble in hot alcohol, unj 
ppccipitablo by water (Priwoznik, Chnn. Gca, JSer, iii. G-12). 

Teti'acetffI’dihro 7 tiogaUio acid, C®l}r* | ^hmicd, with evolution of hy- 

drochloric acid, on dissolving dibromogalUc acid in acetyl chloride. It is very slightly 
soluble in cold water, easily in boiling water, also in alcohol and in ether ; crystailisus 
in coloiiplosB needles which nudt under watur at 91“, and decompose at a tcmpmtupo 
a little above their melting-point. The aqueous solntioii gives, with ferric chloride, a 
violet colour quickly turning groen (Priwoziiik). 

GA&UO BTBSXB (Ernst a. Zwengor, Atm. Cl. Plann. elix. 27). TIuim 
ethers can bo readily propareil by passing a current of dry hydrochloric acid through 
u boiling solution of gallic acid in anhydrous alcohol. Wlicu an excess of hydrochloric- 
acid and of alcohol is employed, the acid is almost entirely converted into the ctlici'. 
On evaiiorating the dark-coloured liquid todryiies.s at 100°, slowly heating the resiiliio 
to its melting-point, and then crystallising the product tuo or three times from wakr. 
the clhcr is obtained in the puro state. 


Ethyl Gallate, 


5(OH)» 
^COOC-H® 


2.iII*0, crystallises fwan its aqueous 

solution in transparent rhombic iirisiiis of a pale yellow colour, which molt in their 
water of crystallisation at 90°. It is scontlcss, and its solutions have a bitter 
taste and acid roaction. It is only slightly soluble in cold water, but dissolves easi y 
ill hot water, and crystallises out almost completely on cooling. ^ It dissolves roiulily 
in alcohol and ethtir, and may be crystallised from chloroform -iii which, however, it 
i.s but slightly soluble -in anhydrou.s colourless needles which molt at 150 . wnen 
cautiously heated, it sublimes in lustrous needles. Potassium and sodium hydnun 



ad-ark colour, liio oiner gives procipiuuua wuu luu eaim /* j u ' -i 

metals, but they have not been obtained of constant composition. The leacl sakt < 
vcllowish-white procipiUitc, the zinc salt a white, and the copper salt a roddisli-bro^ 
Precipitate. Perrous salts colour tho solution of thoclhor a pale violet, which ' 
to blue on exposure to the air, whilst ferric salts give the blue colour at once. - 
and gold salts aro quickly reduced in tho cold. The only compound of the ether wa 
has been obtained of constant composition, was prepared by adding a slight excj 
a cold saturated solution of acid sodium carbonate to a B^tupitcd solu^^^^ 

ether. In a few minutes a compound having the formula ^ ^ f 
C'JP(C“H»)0* separated in small, hard, yellow ery.stal«. iheso were 
in cold water, but could wiUi care bo crystallised from hot water, Hie 

decompos.>d hy hydrochloric acid, which removes tho sodium 

ether. When they are heated botwoea two watch-glasses the gallic ether su 

whilst the stKliura ethyl gallate rcmaiii.s behind in a i»rtially docompos^ s • 
heating a solution of tho sodium-compound for soino time, or better, a soiuu 
ether in an excess of sodium carbonate, a lemon-yellow crystalline premp ^ 
fiinccl, which is insoluble in cold water, but dissolves easily in BOluiion ^ 
allcaline hydrates; tho addition of hydrochloric acid to its alcoholic sol^ionp.^^ 
a pale yellow crystalline precipitate, which has tho properties and ^ 
clhigic acid, C»n«0® + 2H-^0. Tho lemon-yellow powder is acid “"^^^Vylirallatt- 
C’ 'H*NaO'* + IPO, and is formed hy oxidation of tho sodmra-compouna oi e ye 


C'H*Na(C=H»)05) 
C'H*(C^IP)0»{ 


0 « C^H^NaO" + H'-*0 + 2C*H*0. 


Acid potassium carbonate has no action on the ether in ^e J « 

wit, potassium ellagato is formed. When a solution of et^l 8®“? becom*® 
cposwl to the air, it first acquires a ro.so-red tinge which, after a Umo, . 
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• ul iiul ilio solution finally deposits a grecnish-yollow crystalline procipituto of 
■'^iinoiiinm cllagatc, wliieh is scarcely solublo in ammonia. 

VfCorJing to iSchiff ^Ami. Ch. Pka-rui. clxiii. 209), an aqueous solution of ethyl 
gives with excess of lead ncctatCt a preciijitito having the composition 

1)1 s This salt treated with ethyl iodiilc x ieldotl much load iodide but 

no ddiiiito organic piwluct. ^ , 

Ktlivl ‘nillate, boiled for some hours with cA/mnVZe, forms ethylic triacotj'l- 
(riil latcriJ“H'(O.C“JI'*0)*.COOC*H'‘. Tho oily product began to cry'st'illiso after ciglit 
ijioiiths standing; it was iiisolublo in water, .soluble in alcohol, gave no violet colour 
xviili ferrous anlt, or lavcipitnto ivith load acetate (SehifF). 

yl/^ri/l Gallaie, C'vU- o(C^Il*')* silkj', colourless needles 

wliieh melt at 1 39° and Rublinie when cautiously heated. It is scentless and has a 
Ipifli'i* tiiste. It is slightly soluble in cold water, but more, readily in liot water, tlie 
solution soIidiTying on cooling to a cry.sbdlino pulp. Its solutioii.s liavean acid reaction, 
iiiid when tlie ether is lieaU^d under tho surfaco of W'ator, it melts to an oil. It is 
riMilily soliihio in cold alcoliol and ether, also in hot chloroform. No compound 
iiijilogoiis to that obtained from ethyl gallato was observed on treating the etlier witli 
;ii.id Mjdiniii earhoiiate, but. its other refactions with alkalis and metallic salts are 
similar to those of tlio corresponding ethyl-compound (Ernst a. Zwongor). 

GAUOTAiriirZC ACXS. iSco Takntc Acid. 

6A&&S. The followijig comparative ainilj'ses of English and Aleppo galls tire 
olvmi by J. Harrow (C7/C7/t. .Vrte.-?, .\ix. llfi). 


Tannin 
(tallic acul . 

■\Voody fibre 
AVatcr 

Colouring matter, &c. 


Alc*pi» 
(il’tio 
100 
15 68 
12-32 
8-75 

10000 


10000 


OASUTBT. A traiispiirent garnet occurs at Jordtaiamiihl, in )Silcsia, partly ini’ 
plant (*(1 on ilecomposod prolinite; sp. gr. sss 8*609. Tho crystals aro dodecahedral, with 
llieir faces somewhat curvtid. Tlio antilysis was made w'ith material somewlial. cnri- 
liirninatod witli tixi imbedded eh loritoi’dal mineral, to which must be assigned a part of 
tlie oxides of manganese atid iiiekcl, tho remaiudor constituting a nijarly i)uro calcio- 
aliniiinic garnet : 

Si(V A1=0> (’uO l-’cO MnO.. NiO MgO H-O 

37’88 21 13 31-28 4 19 0-45 0-18 2-88 I’OS = 99-07 

(Wihsky, Zcit.'ichr. d. deutseh, fjroloff. Ges, xxi. 753). 

A. gn^e]l garnet from W, Pioro in Elba lias been analysed by G*. voinllath {ibid. xxii. 
G37, 060). It occurs, iogotlier with a massive rcdrli.sh-browu gariiot, and occasionally 
admix(!<l epidote, in groups which aro intimattVly united in their origin w'itUa saussur- 
itL-galibro. Hp. gr. ==3'28C». 

RiO« - A1“0=' 1-VO’* ThO MpO Xt 

3929 1616 10*05 29*23 5-85 0*64 =» 101*22 

Tho octoltedral gofnietst of the locality occur in a cleft of a nearly related rock, a 
mixture of garnet and epidote. Another locality, a sliort distance otf, yiedds ciystals 
of tho combiniitioii oeO . 202, without any indicat ion of 0. Tho garnet of the granite 
vein of S. Piero sliow-s either ooO or 202 predominant, sometimes Avith 30:* and <x)02 
•subordinate. The colours are various, including sliades of yellow, red) and green. 

A light red garnet, sp. gr. 3*57, imbedded in a granular limestone from San Jiiaii 
m Mexico, was found by Damour (Conipt. rmd, Ixxiii. 1041) to contain : 

.SiO- APO- Pe'-O’ CaO MgO MnO JjJStiiS'i 
3!)4G 21*69 1*36 35*75 007 0*96 0 10 = 10()*29 

Small garnets, iisually cxystallised in dodecahed foils and easily dotachod from the 
adaraourito slate in the neighbourhood of Salm-Ch&toaii in Belgium, 
oxhu A-ariety known as spessartiu, and contain 37 p-C. manganous 

' • This is somewliut remarkable in a crystallographic point of view, inasmuch as 

t Loss by ignition. 


Partly as FcO. 
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the so-called spcssartin lias liithcrto l>ccn known only in the form of the trapezo- 
hedroii l!Oa, or of the combination 202 . oeO (do Koniuck, Jahrbuch /. Miner^^ 
1873, 319). ^ ' 

Formation of Garnet from Chlorite. — ^Psciidoinorplis of chlorite after garnet have 
often been observed. Oiio. lately obtained from tho Siiiialp in Carinthia, exhibits tlip 
half of a garuet-dodocahedron broken tlirongli the middle, and surrounded by a crust 
of chlorite about 4 inm. thick. Tho garnet has a eolombo-rcd colour and fatty lusirp- 
the chlorite i.s ilark green w'ith tine scaly structure. Tho thin laminae of chlontp 
appear to be deposited on the laces of the cr^’-stal very irregularly, and tho surface nf 
separation of tho garnet and chlorite is irregularly scig-zagged. Under the microscoiK» 
it is plainly seen that the chlorite ha.s been formed from the garnet. 

Analysi.s of the two niiiierals gave : 

SiO» APO> Fc=0=' FeO CaO MgO 

38*59 17*57 16*43 21*12 227 4*27 = 100*25 

25*19 21*66 9 09 14*92 — 18*73 11*53 =: 10012 

To convert tho garnet into olilorite, a third of tho silica (13 p.c.), a third of the ferric 
oxide, u third of thti ferrous oxide, and the whole of the lime have been removed, and 
at tho same time 14 p.c. of magnesia and 11 p.c. water have boon added (Niedzwicdki, 
ibid. 951). 

Coiivcr&imi of Garnet into Mica, — A case of pseudomorphosis of garnet into mica 
has been found in the mica crystels occurring in a vein of pegmatite at liocstoel, neup 
Arcndal. As in another part of the same, vein a great number of unchanged garnets 
arc found, and tho innermost pirt of some of tho mica crystals consists of uiichan^'cd 
garnet, tlmre can be no doubt that tho mica crystals, which have tile, crystalline furiu 
of tho garnet, owe their origin to a true pseudomorphosis. (kimj^aring tho expiri- 
mentally determined composition of the unchanged garnets and of a mica crystal, it is* 
found that the less soluble compounds, ferrous oxide, and tho oxide.s of maiigivncs;-, 
(?alciinn, and magnesium, have been replaced by tho more soluble oxides of potassium 
and sodium (A. Hcllaiid, Pogg. Ann. cxlvi. 480). 

On the converse transformation of Mica into Garnet which accompanies the fornui- 
tion of Granulyto from Gncis.s, sec Gramujlytk. 

^ GAS AXTAXiTSSS. Prequent use is made in gas analysis of balls made of tho 
dioxides of mangancst! or lead, or of lead ]jhosphate, which, however, are extremely 
liable to break, especially after they have been soaked with phosphoric acid. To 
obviate this inconvenience, Ludwdg {Ann, Ch, Pharm, clxii. 63) rccommend.s mixing 
plaster of Paris with those absorption -agents w'hich are not fusible, making the mix- 
ture into ii pa.ste with w'ater, and pressing it rouml the platinum wriro into the inoiihl, 
the inside of whicli has been oiled. A hard ball, firmly attached to tho platinum 
wire, i.s thus fomied in a few* minutes ; hut in onltn* to prevent absorption of carbonic 
acid by the phy-^ical action of tho pores, this ball has to bo treated with phosphoric acid. 

For the ab.sorption of hydrogen sulphide, thebalLs are prepared by mixing tivn 
parts of lead phosphate w ith three parts of plaster of Paris. For the absorption of 
sulphur dioxide, balls consisting of plaster of Paris and dioxido of load or manga- 
nese give good re.siilts. 

For tho detcmiination of carbon monoxide, balls of plaster of Paris steeped in 
a mixture of one volume of saturated chromic acid solution and two volumes of water 
are left twelve hours in tho mixture of gases to be examined. 'Tho carbonic acid 
formed has to bo determined by ab.^orption with potash. 

TJie mould used for the preparation of tho balls must in this case have ite inside 
covered with a layer of parufifin, ns oil would bo acted upon by tho chromic acid. 

Gas Anedgsis for Technical Purposes. — 0. Winckler {J, pr. Cheiii. [2], vi. 301) en|* 
ploys for technical gas analysis, an apparatus which is a modified form of Hofmanns 
apparatus for tho decomposition of ammonia, &c. It consists of a two-limbod tube, 
one limb of which is w*ider than tlie other, and furni.shod near tlio upper and lower 
ends with glass stopcocks, tho space betw'een these being graduated into fifths of 
centimeters. 

The second limb of the tube is connected with the first by means of cnontcliouc 
tubing ; it is also fumislied with a stopcock (as in Hofmann’s apparatus). The »['• 
paratus may be turned upon its stand either voi-tically or horizontally, ns requi^* 
The gas to be analysed is made to pass through the apparatus for some time,teosjjT' 
cocks are then closed, and tho voluiuo of gas in tho graduated tube is noted- • 
liquid •which is to act ns absorber is poured into the second tube, nnd by opening ti 
lower stopcQck of tho grodimtcd tube, some of it is made to pass into this latter.- 

To promote absorption, the apparntiis is placed hon’zonbally for n few 
After a little limo the vertical position is resumed, and more, liquid allowed to cn 
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■ ml so on, until on opening Uio connecting stopcock no furtlier iri-nish of liquitl takes 
iilsico. liquids in both tubes being made to coincide, the volume of 

linmi in the graduated tube corrc.sjionds with tlio volunie of gas abs(jrbcd. If sovonil 
I'diislituonts of «'i gns are to be estimated, a number of tliese instruments will bo ro- 

reduce the gas to a stated tempci*aturc, gonorally that of t he absorbing liquid, it 
is r.iade to pass through a sinall Husk containing meiviny, urJiich is surrounded by a 
( minlity of the liquid at the oi-dinary temperature of the air. Tho gases are usiuJly 
v.issiul tlirough wetted cotton-wool before entering the graduated tube. 

^ Water vapour is absorbed by strong sulphuric acid, carbon dioxide by caustic 
iKitasii, and f^o Oil. A mixture of oxygon, carbon dioxide, sulphur dioxide, 
iiiid uitTOgen is analysed by absorbing tho first three gases with pyrogallic acid in 
c.iiisii*' pntusli ; in another trial the oxygen and carbon dioxide are absorbed by 
r.iustic iKibish nlone ; and in a third, the siiljihur dioxide only is removed by a solution 
(ifiiMliiio in potnssiuni iodide. 

('.irboii nioiioAidfj is absorbed by a solution of cuprous chloride in hydrochloric acid; 
if I lie gns (vjntains at the same time carbon dioxide a nd oxygen, those are removed by 
l.iiM liiig it through tubes containing a solution of pyrogallic acid in caustic potash 
pr. vioii.'? to its «?nteriiig the apparatu.s. 

Tim mimhi rs given arc generally within 0-l-0*3 p.e. of tho theoretical amoimts. 

Aiioilier, and somewhat complicated, apparatus for technical gas analysis, especially 
t il- tlm licltTminrition of oxygen in tho gases from the lead chambers, is described by 
Mmx bieliig {Divgf. j>olyt.J. oc\*ii. 37). 

A sinipliticil form of Fraiikland and WartTs apparatus for gas-analysis is described 
l»y -1. I’liny (CV/ew. ytws^ xxiv. 282). 

OASES. A h s o rp t i o n hy Ch a rcoaf . — Experiineni s on the i iifl ueuce of pressure 
on the jib.snrplioii of aniinonia, carbon dioxide, and cyanogen gases by cocoa-nut ehar- 
nirilh.ivo been made by J. Hunl-er {Chem. Soc. J, [2], ix. 76). {Several scries of ob- 
K'lviiiidus were niado on eacJi gas. The re.sult.s of those. scric.s M'hieh included tho 
^nvjit('.st range of prcs.sure are given in the following table, in which V denotes the 
volume of gas absorbed by one volume of coc(xi>nut charcoal at 6° C’. and under tho 
liivssiire p in millimeters. 


Aiiimouia 

Carbon Dioxide 

Cyanogen | 

V. 

r 

V. 

r. 

V. 

r. 

170*7 

760-0 

73-2 

760*0 

107*5 

760-0 

171-H 

1104-3 

84-0 

927*9 

107-7 

1160-6 

1760 

1178-0 

85-5 

1014-6 

110-3 

1201*2 

178*2 

1269*2 

87*3 

1100-2 

112 0 

1628-8 

180-8 

1369-5 

01*6 

1412-8 

115-4 

1873*4 

183*5 

1486-5 

95*5 

1625*6 

121*0 

2204-7 

188-7 

1795-1 

100*4 

1912-0 

124-0 

2678 2 

106*7 

209*8 

2002-6 I 

2608-5 

108*0 

113-0 

132*4 

2324*1 

2960*2 

3793*2 




•J Th'it tho amount of absorption incroascs with the pressure. 

,7, siiiue change of pressure produces about tho samo amount of increase in 

^''^J^quant.ty of each gas absorbed. 

mu rclativo weights of tho absorbed gases, it is found that coco:i- 

absorbs a greater weight of cyanogen than of either ammonia or carbon 

b'lnnjr.!? — Iluntor has also made experiments on the influence of 
the quantity of ammonia and cyanogen absorbed by charcoal {Chem. 
‘ypablr u 1 experiments (Is^ Suppl. 630) had indicated that a gas 

ill ji ijilrti. n absorbed hy charcoal exists within tho pores of that, substance 

■'’'mnoni i state, and in accordance with this it is found that tho volume of 

lioin V SJ.'JJ^S'bsorbed by cocoa-nut charcoal decreases regularly and continuously 
loiig<,P * IK>int, beyond which probably tlio ammonia can no 

Quantih' *** r^rtially liquid state, n sudden change occurs, and from fiO® to 80® 
^uro th.,,, given oft’ are considerably less for oqivil increments ot tempera- 

f <1® and 50® For cyanogen, on the otlier hand, the dccrofise of ab- 
regular and continuous from 0® to 80®. 
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The following tfiblo oxliibita the volumes, V., of the two gfiaes (reduced to 760 inm ) 
absorbed by cocoa-iiiit cliaivoal at tlio temperatures, T., Centigrade : — ' 


Ammonia 

cy 

unriffcn 

V. 

T. 

V. 


175-7 

0° 

113-7 

0° 

161) -6 

5 

110-9 

5 

163-8 

10 

109-6 

10 

157 6 

1 5 

108-2 

15 

U 8 *C 

20 

107-0 

20 

110-1 

25 

105-3 

25 

131-9 

30 

103-7 ! 

30 

123-0 

35 

101-1 j 

35 

114-1 

40 j 

99-2 1 

40 

104-2 i 

! 

97-8 

45 

9 fi -0 

50 ; 

96-2 1 

50 

90-2 

55 1 

91-4 : 

55 

88-1 

60 1 

92-1 : 

60 

86-4 

65 i 

90-0 

65 

82-6 

70 1 

88-2 

70 


j 

86-7 

75 


The absorption of cyanogen is almost entirely conflned to the first ton iniimtes, alur 
which it proceeds much more slowly. 

Hydrogen and nitrogen am but very slightly absorbed by cocoa-nut charcoal, oiio 
volume oi’ the charcoal absorbing, on the average, ‘t’! rol. hydrogen and 15'2 vtil. 
nitrogen reduced to 3° C. aucl 700 mm. 

Blffuslon of Oasest J. Loschmidt {Wmu Acad. Bcr, Ixi. [2], 367; Ixii' [»]i 
468; Jahresd., 1870, 58) has made experiments on thf3 free diffusion of gases, i^v 
means of an apparatus consisting of two glass tubes of equal lengthy and diameter, 
closed at one end, and placed vertically one above another, the communication bctwoitii 
them being closed or opened at pleasure by moans of a sliding metal plate worked by 
ca screw. The tubes were filled, first with mercury, then wdth the gases to be oxpL'ri- 
mented upon, the apparatus placed vertically, the slider opened, shut again after halt- 
an-lioiir to an hour, and tho gaseous mixture aiialysiw:!. In this manner, expenraeiits 
were made with air and carbon dioxide ; liydrogen and carbon dioxide; hydrogen and 
oxygon; carbon dioxide and oxygon; carbon dioxide and carbon monoxide; carbon 
dioxide and marsh gas ; cjirboii dioxide and nitrogen monoxide; sulphur dioxide and 
hydrogen ; carbon monoxide and oxygen ; carbon monoxide and hydrogen ; — at tempc* 
raturos betw'con — 21° and 

Tho diffusion-constant, 7if„ ailculatcd from tho rosiilts of the experiments on 
these several mixtures, that is to say, tlio velocity with wdiich the two gases ’*^**’ ^ 
approximately in invcr.so proportion to the square roots of tho molecular woigw , 
inusmuch as the values of X,, calculated from the formula 


A', = . - 


come out very nearly equal. Perfect agreement is not to be expected, since the vnlno 
of X, is affected by the united influence of tho volume mid tho form of the gase 
molecules, as well as by tho nature of their constituent elements. . . 

Tho diffusion-constant X is likewise proportional to tho square of the absolut e 
peraturo, and with increased rai'ufnction, it is inversely proiiortional to tho pressure 
tho gas, — so tliat 


and by combining the expression X = — * — , 


- ■fcith that of Gay-Luww 


and 


Loylo's laws, according to the moclianical the^»ry of gases, vis, • pv 


as veil A* 
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vflth tiial of t ho absolute tcmpemture, viz.: T = 3 wo arrive at the remarkable 
iorniiihif 


■ Avliloh «•* moiiii velocities of tho molecules of tJio two gases, N the 

^^nmber of'inolocules in tlio unit of volumo, and I a coiistjint fector. 

" Wrctscliko (WicM. Acad. Her. Ixxii. [2], 575) has extended tlio preceding investiga- 
tion t() mixed gases. One of the tubes was filled with a giis A, the other with a gsi.s 
li and to both was added a third gns, O, in equal volumes p.c. The varioiiH gaseous 
juWturcs were made with hydrogen, oxygon and carbon dioxide. A comparison of the 
Tcsulting velocities of diffusion with tliose obtained by Losclimidt leads to the following 

roDi'lnsions ; — ■ 

1. Il‘ tlio giis 0 is identical w'itli cither of the gases A, B, tlic diffusion-velocity of 
these gases is not altered by the admixture of C. 

2. Jf Cl is different from both A and B, then • (n). The diffusion-velocity of A 
into IJ is altered hy the adinixturo of O, to a gi’eatcT degree in proportion as more of 
tin) gas C is present in each tube ; and this velocity incrctisea for the gases A and 
li wlien tho gas O is .specifically lighter than cither; dimiriishc.s when C is spccilically 
liiiiivi'-T than (dlhcr; incroasea for the one gas nml <1iminishes for tho other wlien 
i \ willi regard to its sp. gr., lies between A and B ; — (6). Whereas before diffiision 
tln.ro was an equal quantity of the gas in both tubes, this is no longer tho case during 
diffiLsion, tho .specifically lighter of the two gases A and B being then found in larger 
pnqjortinii in I lie upper tube. 

■Tin- jiroceding theorems relating to tho diffti.sion, both of simple and mixed gaso.s, 
liiivc also been deduced by Mtefan from tho fundamental principles of tho mechanical 
ihcoryef gases {Wien. Acad . If cr. Ixiii. [2], 03-124-), abstr. jahresh. f. Chem. 1871, 
h\). ' 

Diffusion through Septa. — Biifour {Pogg. Ann. cxlviii. 490) has made experl- 
niLiilsori llio diffusion of ga.ses through porous walls, and the accompanying changes 
ijf ttMiipcratiirc, 

1. J)iffif.sion of Two GuiWS under Coii.^tant Pressure. — On that side of the porous w'all 
;it wliicli the gas diflu.sea inwards, there is an cleA'ation of temperature, accompanied 
ly lowering of tcmpcriitaro iit tho other side. This is supposed to ho due to a partial 
(•t)iulunsation of the gas on tlio iwroius .sub.staiicc in the orio instance, and to a partial 
iMivfaction in the other. 

2. Difftfsion toifk Change of Pressure. — ^When one gas diffuses into a porous ve.ssel 
which already Cfmtiiiis aiii Jt her gas (as hydrogen intoa vossol conUiining a ir), there is a 
dij,dit elevation of temperature, accomiKinied by an increase of pre.xsure. As the first 
gas diffuses out, tho tlicrmomotcr falls until a point is reached :it which it nga in begins 
to rise. Jlry air difFuse.s into air w’hicli i.s relatively 'Wetter tlnin itself; this plieiiomoiion 

accompanied by llie same changes of temperature as already noticed in the case of 
t"o gases. 

Jhmm-diffiision.-^-lt a limited j-Kirtion of a gas contained in an infinitely long tube 
’Were in n ginto of greater density than the rest, and it were heated unequally at both 
• nils, II Continuous motion of tho gas "would set in, wdiich in the denser portion would 
^Mlirccted from the cnldiT to the "warmer end. This theoretical result, deduced by 
“ liUniann, 1ms been verified experimentally by Feddorsen {Pogg. Ann. clxviii. 302), 
^'ho obtained .a greater density of the gas in one portion of a glass tube by introducing 
a ]»lng of some gas-aljsurbiiig substance, as spongy platinum or pilladiuiii, plaster of 
charcoal, or magnesia alba. 

Jn one case a plug of Kpongy platinum 31 mm. long was placed in a glass tube 12^ 

nil. 'vvido. each end of which was connected with a narrow'er glass tube 3 J mm. wide ; 

^1 sulphuric acid placed in each of these tubes indicated tlio movement of tho 
g-is column us soon as both ends of the platinum plug were heated unequally. When, 
nil, <?ud of tho plug uras heated to 200°, whilst the other one ivas kypt as 

^ as possible at 8°, tho follow’iug results were obtained : — 
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Colfl side I Warm side 



Timo 


Ubiiurvud 

fJalcMi1at<.‘t1 ftir 
tlr!!!- 

__ 

Ob.scrvfil 

CuU'-ulalcd lor 1 
Jl»' time; ! 

h. 

in. 

ll. 

in. 




j 

12 

0 until 

12 

KV 

225 mm. 

225 mm. 

no tube 

- 1 

12 

10 „ 

12 

1.) . 

i 91 ,, 

188 „ 

95 mm. 

190 mm. ! 

11 

ir» „ 

12 

2.1 . 

no till JO 

— 

241 „ 

241 „ 

12 

25 „ 

12 

30 . 

105 mm. 

210 „ 

95 „ 

199 » i 

12 

39 „ 

12 

3o 

no „ 

a20 „ 

no tube 



.As all tlio other siibstvirires gavo similar results, it appears to bo a general fact that 
porous substances used as diaphrngnis liavo the property of drawing gases 
them from tho cold towards the wariii surface. Exactly the reverso of this phenoniciion 
takes place in tho ditfusion of two diflurenl gases througli a porous diaphragm, as a 
riso of tcmporatiiro is observed on tliat side of tho diaphragm where the gas with tlic 
greater power of diffusion enters. 

EmloAinosc of Gases through VegeUxHe Membranes. — Barth el emy(Cb» 7 ^^. m?rf.lxxvii. 
42^ has made experiments on tho pissage of gases Ihrongh the leaf of a begoiii,!. 
which by gradual wntliering during winter, had become rcducetl to moroeiiticubirtisM: \ 
AVheu commcjn air was dialysed tlirough it, the gas passing throiigli contained 31 ll 
p.c. of oxygen. The conipar.-itive permeability of tlio rricmbram; to various gases wjirj 
ascertaiiiud by exposing one surface of the inombraue to tho gas, and relieving rin- 
otlior side of pressure, the experiments being continued till equal volumes of gas hml 
in overy case passed, tho dilFcront times roquii*ed shuw'ing the relative permeability. 
It appears that tho leaf niorul)rano admits carbonic acid lU to 15 tinio.s more rcadiiy 
than nitrogen, and 5 to 7 tinuis more readily than oxygen. This liigh relative per- 
ineability of carbonic acid is somewhat diminished if tlie gas be quite dry, 
results are similar to those obtained by Graham witli a caoutchouc membrane. 

xmeotaaiiloal Tbdory of Oases (Naumunn, Ann. Ch. Pharm. 1870, Su^d. vii, 
840 ; Dcift. Chem. Gcs. Per. ii. 690 ; Gmclin -Kraut's Ilandbuch der ChemiCy i. Baiul, 
1 sto Abthoilung, p. 14). 

(1). Bclations between Volzimet Pressure^ and Temperature.— 
to tho theory of Krbiiig and Clausius, explained in the article IIkat (iii. 131), tho 
individual molecules of gases arc supposed to be continually moving forward in 
straight lines, till they come in contact with ether molecules or with the w'aUs of th>j 
surrounding envelope, after which they rebound like elastic balls and recommence tholr 
rectilinear movement. TIuj pressure of tho gas may bo regarded as the sum of all tliu 
impacts made by its molecules on tho sides of tho envolopo, in consequence of tln'ir 
progressive motion. Tho prc.ssure on a unit of surface will therefore depend : 1. On 
the mass of tho individual gas-molecnle-s ; 2. On their velocity ; 3. On the volume of 
tho gas ; 4. On the number of gas-molocule.s present. 

Now lot m and M denote tho masses of two gas -molecules, c and C tlioir velocity’s*. 
The strength of the impacts of those molecules being directly proportiomil to their 
ma8se.s and to thoir volocil ies, will also bo proportional to the products of these ma;jni- 
tudes, that is, me : MC. But tho number of impacts which tako placo in a given tinw 
is also nroportional to tho velocity ; consequently, tho pre.ssiiro8 are proportional to 
the products of the masses of the molecules into the squares of tlioif velocities : 


0 ) 


Vmc : P.tfc' « wc* : ; • 

2S A 

that is to say : The. pressure is proportioned to the worleing force (vis wA) of the 
cular movements. . 

By the working force of the molecular movement of a gas wo must hero undors 
the mean working force of a molecule. For the several molecules, in 
their frequent collisions taking place in all imaginable directions, exhibit tho m - 
variou.s changes of vidocity, and at any given instant the most various amouo s 

working force, &c., tho total amount of their urorking forces ronw*® 

i A A •^11 fhs a 

ing, however, always tho same. Tho pressure is therefore the same as if a^ 
molecules were actuated by tho same working force, viz. : 

i CHEil + + ^.! + &&! 

n \ 2 2 2 / 


nur 
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f iiiiTijT)Gr of ^as -molecules fit crjufil distiinces, and at rest, contained 

i;i a -w'lio.su cubical content is v. The unit of cubic spaco "will then contain a 

of molecules ?f| = ^ ; tho number situated on a straight lino equal to the 
unit of Icngtli vill be ami the number in a square unit of surface -will be 

. Xow in the state of motion the pressure on a square unit of surface must 

Ini jn oporLioiial to the number of molecules urhich iinpiugo upon that surface at equal 
limes, i.r. directly proportional to tho number of molecules in coiiUict with it on any 
•riven instant, iiia.sinuch as those molecules in their progressive motion come in contact 
^vitli it at tlio siLiiio timo.^ It is, moreover, directly proportional to tho number i)f 
molcculos situated on a unit of length, bccfinsa tlio unit of surface will bo struck more 
fivqncntly in proportion as tho distance between the molecules, or between the layers 
(if iTioiorulos, is less. It the pressure corresponding with tho volume v and number of 
inolt’cub’s be dtmoted by j, and the pressure corresponding with the volume K 
iind number of molrciilcs iV’’, by then — 




^ (J'?;:/# 

u , N rr . -K- 

"" V ■ V ~ “ ”* • ''i * 


(^) 


'l/ic jirrfuiDrs Vitrfffltri'ct/^ (IK the nnmhersof ntolccules and invereefffus the va/uiiire ; 
• r^thr prcit.<ini'f’.^ vary ns ihv numhers of Tiiolcculcs m a unit of volume, l.'his i;< Boyle's 
1 r MarifiUo s law. 

^ >inoi) (lio iH'liition of |)i.vs.su.ro p : P existing under given coiiditii)iis is made up of 
t .] ’ proportion p „ , : dc}>eiulii)g on the number of molecules in the unit of volume, 

■uid ot the proport ion yj„„. : P^ff depending on tho masses and velocities of the mole- 
cliIlh, equations (1) and (i>) give : 


P — 




me- 

2*” 


*V. 


MCr- 


(3) 


hy « ffffS varies direethj ns the nanihcr and workinn force of 
fh ' 7 as the ^lohimc of the qas ; or, as the mtmhrr of nwkerJes in 

tiimifyspace and the r^an working force of the individual molecules.' 
s .ist equation lollows also directly from the fuudament;il equation — 


P 


lio 


- (4. 


f'f which c 


wlnVli Kin demonstration was given by Krdiiig under ccrtiin conditions 

('biimiiiu /y, * general problem (iii. 132), and a coni])loto dcmonslT.ition by 
‘■'•mplotiMl . 353), with the aid of tho higher mathematical analysis. A 

■;»'onietrv of this important equation, requiring only the aid of olement'iry 

ixliv wi^nomotiy, hjis lately been given by Pfauudler (Pogg. Ann. [1871], 

'file ivlir ^Tmelin-Kraut’s Handbmh, i. Abtli. p. 18). 

iiiovcrucnts V«twoen tho pressure of a gas and the working force of its molecular 
’ 'rT ^nilv on equation (3), may also bo represented by an expression depond- 

'd, tiio urc - According to Gay-Lussac’s law, established by experi- 

'^'■^ree perfect gas, whoso volume remains constant, varies for each 

file uress^n o pressure Avhich it exerts at 0°. If then, Pi* Pi* 

. answering to the temperatures #<, , wo have; 


Py. 

Pi 


2^0 -!• 


+ .A.. 

27jl_ 
273 


273 + 


Ti 

T, 


(■>) 


temperature.s reckoned from tho absohito zero. Combinilig 
j p, 0 Acs law, according to wliich tho pressure varies directly as tlio density, 


Suji, 


NN 
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or as the number 


- uf iijoleculcs coulaincd in a given volume, wo have : 




"l fTi 
V, * 



( 6 ) 


i.c. TIi€ lyfessuiTcs of equal voluuuis of any gas vary direcUy as the nmnher r,f niohn l 
hi the unit of volume^ and as tlm absolute temperatures. 

If, for the same gas, r, and c, dorioto the vehjcities of tlio molecules corpcspo’ulin^ 
with the abrioliiro temperriturcs Tj and TT., equation (3) may bo transformed iiito- 


Vi • V; 

Consequently, from ((i) and (7) : 


Vf W/C,- . JL. 

■77* -li' ‘ 


iiw.r 

2 


7 ; : T, 



( 7 ) 

(«) 


i.c. The working forces oj the molecular movcnient of any given gas vary as the idsuli/ff 
temperaturrs. 

(2). Equality of the Mean Working Force of Molecular Movtmeni of 
Different Gases at the same. Temperature. — Thi.s proposition cannot he, or 
at least has not yot been, deduced from the fiincbiniental properties of gases witlioiii 
the aid of the higher mathenuitics. Maxwell {VhlL Mag. [4], xix. 22) has shown tlrnh 
in a gaseous mixture^ the molecules of all the component gases have the same workuni 
force of progressive motion ; and an ouklino of his domoustration is given in Gnieliii- 
Krant's Halidhuch du Clumie (p. 23). 'Hie majn point consists in showing that, even 
supposing the working forces of iiiolecular motion to havo been differoiit iri the several 
gases composing the mixture, thi.s ditfcrciicc would diminish at every impact between 
the molecules, and would actually in a very short time be reduced to nothing ; that is 
to say, tho several gases would all acquire thosamo working force of molecular motion. 
Now experiment shows that mixed gases diffuse in the same proi)ortion as the con- 
stituents of tho mixture when separate. Honco thes molecular velocity, and thcreforo 
also the working force of molecular motion of tho individual gases, cinnot have been 
altered by tho act of mixing. It follows, therofore, from Mm xwell’s theonmabovo 
cited, that before mixture also these several gases must, at tho same temperature, luivi; 
possessed equal working forces of molecular mr>Tcment. Denoting, then, tlic m^lc- 
ciilar masses of two gases ])y m and M^ and their velocities at the same iibsoluto tem- 
perature hy c and C, we havo the equation : 

•mir __ MC- 
2~ “ 


If, tlien, in equat ion (8), which applies only to the same gas under diffenjut ronditimis 
wc substitute for its equivalent il/C7j* belonging to another gas, wo have the 
equation : 


hMCy ^ 7\ 

7\ 


( 10 ) 


he. For different gases, also, the mean working forces of molecular movement arc as 
absolute tcmperaiiircs. 

Avogadro' s Law . — If in equation (3), page 546, representing tho relation between 
pressure, number of molecuks, volume, and w'orkiiig forco of molecular inovtiucnt, 
viz. : 


i» nV.\inAl^ 

~P " Sv.iM& • 


(11) 


we substitute for the ratio of tho working forces that of the absolute tempcfiiturcSi 
namely, ~ where 7\ and 7\ denote the absolute tompciatures of the 

gases whoso niolecuhir masses arc m and M respectively, we obtain 


P 

P 




7^1 i 


( 12 ) 


. The pressures of different gases arc as the number of molecules and 
temperatures^ and inversely as the volnmcs, or directly, as the numherof mouewx^ 
unit of volumes and as the absolute temperatures. 
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If now. iu this last equation, wo have 

p « p, 7, = y;, « = r. 

likH 


1 


'-t find therefore n ^ N , 


(13) 


If. At ujKtfi' prciisure mid tcmjmmiiire, equal volumes of different gases contain equrd 

iiiuiihrrsofmokvuhs. 

Tins is Avogadw) H law . wliieli is now’ regarded as aflRjrding the surest foundation 
iov the dot(TiTiiiKitif)M fjf the atomie and molecular woiglits of ;dl bodies which exist in 
ij: c.m he obtained in the gaseous slate (.see Moleculk). 

Deviations llrom tbe Xiaws of Bo^le and Cay-Biuiac. Eeseaiclic.s on 
till? iiillis'iK'o ot tunipoiaturo on the deviations ot gases from Boyle’s law have been 
l,y Airapit (Compt. ,w«i. Ixviii. 117U). |.ot p .indy., bo tho pressures corro- 
.s:|iMmlin£' willi the A*oJujiies P and J' , at the temperature^; alsoP(> «) and P the 
pivssurcs corresponding witli the .same volumes fdter the gas hay been heated to T. 
Tlicii, if the deviation depended only on tlio volume, wo should have : 

ll = ie P = -P 

i>,K, l‘,l\ • p\ 7>- 

Tlio following table shows the mean values determined by experiment for sulphur 
(iii)xi.li!, jininionia, and carbon dioxide. : — ^ 



Niimbur 


Xaiiii’ of (jjw 

of i*]xiKwl. 



menta 

j t 

Sulphur dioxide . 


I 

It^ 

Aiiinirjiiia. 

2 j 

13 

I'lirboa dioxide 

3 

13 


p 


p 


Pi 

T 

>* 

Dili. 

0-50838 

08° 

0*50277 

O-00O61 

0*50731 

08 

0'50402 

0*00329 

OoOOSl 

98 

1 

0*50771 

0*00210 


I law nuiubcrH show that tho deviation depends upon the temperature as well rs 
iipnii the volunur A ma gat explains this by supposing that with the greater working 
oras ot tlio iiiobiciiles at tlie higher temperature, tho loss pii>diieod by their collision 
iMireportiuiiatcly css than the increase of pressure on tho w’alls, in cocscqiu-nco ot' 
llio niciv;isiM)l working torcc, notwitlistjinding tho increased frequency of tho collisions 
ifMill ing Irtnn tlio higher velocity of the moloculos. 


AiiiMgjit has also determined the ratio for several gases at different tempera- 

tiiies ami under nearly equal initial terminal pressures, tho volume being in each caso 
'L-uiiml to ni’ai'ly oiic-lialf. 


Xiunc of Ooa 




‘'iiilphur dioxide || 

” _ ” li 

Ammonia, , 5 1 


I ^‘irboii dioxide 


. ■ i 

j 


i-'ir . 


•{! 


IVmiipratnrc 

Initial Pressure 

am 

15*3'^ 

t*iii. 

09*163 

1*0188 

08*, ) 

91*528 

1 0078 

98*4 

00*255 

1-0057 

lo’5 

09*221 

1 0182 

97*8 

69*283 

1-0051 

7*7 

70*580 

1*0125 

98-0 

70*500 

1*0018 

01 

70*219 

1*0129 

98*5 

92*382 

1*0062 

98*4 

70*354 

1*0051 

8*5 ' 

71*537 

1 0061 

98*1 

71053 

1 *0026 

9*0 

72*055 

1*0064 

98*4 

72*100 

1*0021 

7 a 

72*500 

1*0010 

98-i 

72-512 

1-0001 

97*5 

71*458 

0*9093 

Mira 
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From tlieso numbers it fipiiRars, tlmt toM-ards 100® siilpluir dioxide and ninmo ' 
deviate but little from Boyle's law, though somewliat more tliaii air at ordinary t 
ptaMtiires ; that, at 100° carbon dioxide ileviates but voi*y slightly from the law jiro 
in accoi*ilanco 'vvitli Ilegiiaiilt's determinations of the density of this gas; and* tint H 
100° atinosphei'ie air may bo regarded as conforming exactly t/> Boyle’s lav/. 

In another series of experiiiieiits (Compt, rend. Ixxiii. 1811), Amagut has determinwl 


the values of for sulphur dioxide and airbon dioxide, hotwcoii the teinpcrjitm.,.g 


of 0° and 250°, the gasc.s being originally rnider the atmo.sphcvic pressure, uiid tlu n 
reduced to one-half of their voliiir.o ; also tho coetliciont of expansion between tlio 
samo limits of temperature. 


Tompcraturcs 

Value of ili' ' 

Pit'i 

for SO'^ [ for CO* | 

ExpaiiKion- 

(uir 

for 80* 

— Coenieiciit 

O-O0SG7) 1 

1 

for CO" ! 

! 

0® 


; 

_ 

0003724 

8 

— 

I-00C5 i 

— 

; 

Between 0 and 10 

..... 

1 

0004233 

i 

„ 10 and 20 



0-004005 



1.5 

1-018.5 


— 



50 

10110 

1 003G 

000.381G 

0 0037'U 

100 

1-0054 

1 0023 

1 0003757 

0-003695 

J .50 

1-0032 

10014 

0-003718 

0-00.3690 • i 

200 

1 0021 ; 

1 0008 1 

[ 0-003G95 

0003687 ; 

250 

rooiG 1 

i 

1-OOUG ; 

1 0()03685 

0-003682 

! 


Ilcnco it nppoars that, as the temperature rises, tlic deviation from Boyle’s law and 
the coefRcient of expansion both exhibit a regular (h*c;rcasfi, tlio oxpansion-cocffieicjnt 
attaining its limiling value at tho same tomporaturo us that at which the gas begins 
to conform to Bf>ylo's law. 

Bccknagcl {Vogg, Ann, Erganzungsband v. 503) has cudaavouretl to introduce into 
the law of tension of gases a precise mathematical expression of the infiuonce of 'the 
neighbourhood of the condensation point,* and thereby sf» to genernlizo this law that 
it may' represent f.ho entire behaviour of the gas, including the phenomena which it 
exhibits in its passage to the liquid .state. F<n' carbon dioxide, witli regard t.» 
llio compressibility, increase of volume, and tension Avith temperature, and tho tension 
and tensity of its .saturated A-apour, suflicient data liaA'ii been furnished by tlio expcri- 
incuts of Bcgnanlt (JMeftioireif de VAcudhnie des Sciences^ xxi. ct xxvi. ; Jahresb. 1847- 
•18, 13G; 1SG3, 88). Tho following results have been deduced : — ■ 

In place of the equation expressing tho laAVS of Boylo and Gay-Lussac, rv = 
Ao{l + af')j there is obtained, for carbon dioxide and nitrogen monoxide, tho ©tfi'i* 
tion : — 

Pa = A„ (1 + at) ; 

inoro gcucral, and nioro cxiwtly rt‘jir(!ii.’iiting llio results of obsorvatlon, in wIiiA 
V denotes the A'olumeof the unit of AH'cight of carbon dioxide ; If a function of 
poraturc determined by the tension of tho A’apour saturated at ; and a « ® 

If P is estimated in atinosplicres, and the unit of A'»)lumo is tlmt which is 
] kilogram of carbon dioxiilo at 0®, and 1 atiiiosphero tension, then Ao - 1*0®^ ’ 
= O'OOTOo; Jfjoo — 0’0038 ; and generally : 

/r a 1*()0710 (1 + af ) ~ , 


where AT denotes the tension of the vapour saturated at P, ^ 

Selfitions of Vapottr.s U> Jioyld» mid Gay~Lnsimd& Jjavos. — H. Horwig 
exxxvii. 19, 692) hn.q made oxperiincnis on the relation between tlie 
and absolute temperature (a + i) in the A-aponrs of alcohol, chloroform, 
phide, ether, and water. Tho apparatus used was so contrived as ^ 
taneous varia tion of tho pressure, A'olumo, :in<[ tempoKitiiro of tho vapour. 
glass tnbo, filled Avith mercury, into which the liquid to be volatilise 
»Ti bulbs of thin gla<>.s, Ava?? oonnoctcrl at its 1 '>av'ci’ end Avitli a tube wider at w 
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n.irrowinpr towavils the t»)p. v/liiili sorvoil .‘!s n n'l-civor i 
out ot' tlio grailu:il.ed tiil-o l»y tlin prL-ssiiL-c of the vnpoiir. and ft 
;js I'invow oml. ly moans of ii witii un air-purii]) .-muI a mr 


for the moreiiry 
foiiimuiiioatod a'c 
inonomolor. The 

i^nduiitod iiiiJ tlio rfcoivcr were phtetMl in a fopper wiiter-liath. in t:lin sides of 
v liiL-li inserted plates of j^lass Ihrouf^h -whirli the tuo tubes could Im viewed. 
''I’lio l)ull)S li.'iviiig been burst, the pressure and volume ui the vnjjoiir were obsor/ed at 
list:! Fit iL-niperatiire from ibo point, of saturation of tlie vapour to the point at 
viiiel^ ill. tlie SFimo teinperaUire, it be^aii tf> follow Hoyle’s law, a. condition indicated 
Iv ilic constancy of tliu proilucts joa, wiiidi had previously been coiitijiiially increasing;. 

JJcimtin!," by and r, tlie pressure and voinmu at a. cerlain temperature of the 

v:iiiour in its pure saturated sUto, that is to sfi}*, wIkmi it has just t ilcFsii up the last 

ill-oil of liquid,- and by f*, the pressure and volume fora state of tlie vapour in 
v.liii]i.at. tlio same temperature, it conforms to Iloyle’s law, it is found th.'it for Uie 
v.i’niirs of alcohol, chloroform* ca.rboii bisulphitlc, ether, and water, 
ill di'.i sjitnratc'.l stc.ti', the. relation botwecn pressiure, Yohune, ami temperature, is cx- 
ii".'.-sc.l by the equation — 

pr 


O-OoDo a/ 


a h i 


iiisk-aJ of 


pr 

a + / 


const., which is the relation for perfect gasos. For tho products 

Viclyinc: bilwceii p,f, and PV^ no defniite law of varialioii has y’ot been discfFvered. 

'flu*, vapours of alcohol and chloroform, wlien not in contact with thcj liquids, begin 
Iji f'llov I’oyle's law at live tcinptiraturc O'fP, the great ditr'cronco of their maximum 
Il lusions appearing to have no iiifluenee on the position of this jFuint. 

Tliti equality of th(! oju-fficient 0 for live vapours so different in most respects 
. ■ tlioKo aliove mentioned. r(MiLl(jr.s it probable that this eoofficient has likewise tho 
saiii.- value for all oilier vapoiir.s. If this bo the ease, the amount of deviation of tho 
Iiiin- saturated vapour i’roni Boyle's law, at any given teinperFitiire, must bo the same 
Jill- all vajKJiirs. 

^^n^n [’’docilff of Molecular Movemeni fur Iinp<rf('cl Gases. — Suppose a kilogram of 
r. iras at 0° to he under an initisil pre.ssiire so finiall that the voluino ?•„ is extremely 
and conseqiiontly the atlractioii botwiien tho moleeailes imiy bo regarded as 
Jif.iliiiiir; and siqqMise that the in*o.«siiro is increased to . MherJby the volume is 

t-iliu'od to v \, : then whore denotes tho deviation from Boyle's 

l iw at tin* pres>:ure p. If, now, while the ]n*cssure reiiLains consbuit, tho temperature 
1'!' raised to t, and tho volume v',t thereby incroFisod to v, we shall Inivc : 

= I + 


V., 

wliero a^, is the cocflicicnt of expansion under constant pre.ssure p between 0° and 
further : 


A; smiling further : 

2*oJ'o 0(1 

, 1 + 
v.\: Jiavc : 

pv =5 7?p (dtp 

'ilii'ro Pp and vary with the pressure. 

Bio values of Up are us follow:— 


and — . , rrp, 


+ 0. 


'V' • ^ 

l^iirhen dioxide Un 


0 0-7« 1 5 10 15 20 met. 

29-222 29-325 29-347 29*072 30007 30-265 30-440 

19-239 19-388 19-437 20-417 21-997 23-867 26-015 


according to Clausius {Zamminer's Jakreskf. Physik. 1857i 36), 

'ivJiero ■ 

decoloration duo to gravity, and fi tho mean velocity of the progressive 
ol tlio molecules. Consequoutly, 

,1.„, “ “ ''sATc^TTT). 

'"il'ii t!i*t of Claii8iu8 for perfect goeea in this respect, that Bp 

•’or fuQftioiis of tho pressure or volume. 

dioxide obsFTvntion has furnished the data required for cal- 
s e lollowing monii velocities in meters per second ; — 
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PresSurn in 

Air 

Carbon Dioxide ! 

Meters 


t =- 100 

t i 3*;j 

f = nio» 

0 

•18.rl 

566*0 

398'M 

459-7 

, 9-:fj 

-18 11 

566-1) 

392-1 

459 2 

1 i 

481-8 

566-0 

.391*8 

459*0 

5 j 

4S8-S 

566*0 

.385-0 

4561 

1 19 I 

482-8 

.566 0 

374-5 ! 

452*8 

15 ! 

482-0 

1 566-0 

.362-9 

449*4 i 

I 20 I 

481-4 

5660 

350-4 ! 

41C-2 


Th« vi'.looitiis found for tlic prossuro 0 rcpresont the ideal caso of an infinitely 
rxpaiiiloil, tli.it is, porfoct gas, in Avhioh tlio mol ocular attractions aro iiiflnitoly snnill 
(Jjliisorna, Compl, rend. 1xl\. lol ; Juhrcsh.f. Chem. 18(>9, 74). 

OiLSBSt VOXCASme. The gases rvoLved from, tho solfutaras of Vesuvius niul 
tlu! Campi IHogn i wero oxamiiiod by Dcvillo iii 1862 and hy Fouquu in 1865. Goreeix 
{Cum jit. rmd. Ixxv. 151) oxaiiiiiuHl tliem in June 1869, collecting tho gases as ncjiily 
as possiblo from Iho same points. 

A small constant variation was observed in gas issuing from one and the same 
orifice, to such an extent that two eonsccul ivo analyses st?arcely ever gave idunti.-al 
ri'sults ; it was not probable, Ihorcforc, that any uniformity would bo traceable in thu 
gas from different centres of emanation, or that the present results would eorrespoiid 
closely with t}io.so of previous experimenters. 

As a rule tho gas evolved consisted mainly of carbon dioxide mixed with .about 5 p.c. 
of liydrogoii .sulphides, less than 1 p.c. of oxygen, and from 6 to 10 p.c. of nitrogiMi: 
t he pci'ceiitago of tho latter gas, however, varied greatly, sometimes increasing t«) tho 
extent of 50 or GO p.c.. with a pro\H^rtional decrease in the amount of carbon dioxidi'. 
In .some iiist.auccs .small quantit ies of marsh-gas were deUiCted. 

At Lake Agnano, .and at the Gratia del Cane, tho gas which escaped wa.^ pure carbon 
clioxido; in tlie Gratia iVAminonioica the hydrogen sulphide present in 1862 tvms 
no longer capable of being detected. At tlio Gratia di Sotfo tho inar.sh“ga.s wa-s mixt-d 
’with a small qiiaiitily of hydrogen, but ethylene was absent, while the hytlrogi'u 
sulphide, whicli Innl di.sappeared in 1865, was again present in notable proportioii*^. 
.At Castellainaro this same gas h.ad reapj)e.arod, and the proportion of carbon dioxide 
had considerably augmented. 

On a subsequent occasion tho following results -were obtained : — 


Boiu-cc 

CO’ 

I1*S 

o 

N . 

Great Solfatara . . . . | 

88*8 

7-0 

0-7 

4-5 

Stufa, K I 

29-5 

trju’cs 

1.3-3 

57-.3 

Lagod'Agnano . . . . | 

1 06*1 i 

j 


— 

Grotta dt-l C\a.m* . . . . | 

77*0 

— 

— 


Acqua fi-rrata del Pozello (Castel- ) 
lainjvro) . ... i 

29-1 1 

_J 

00*0 

i ' 

0-7 

70-2 


Temperature 

110® to 120® 
2 .^® 


Air, 28® 
Water. 25® 


At Vesuvius iiqueous v.apours containing carbon dioxide, besides dry f 

liydi*ocliloric acid .and sulphurous oxide, without carbon dioxide, at a 
225®* were evolved from tho crater and from fissures on the sides. tno g - 

f^o|fatara there issued with mucii noise, a mixture of steam, hydrogen sulphitte, ca 
dioxido, and air. The sides of the cavity were covered with crystals of sulpJm 
sulphide of arsenic. 

Emanations from the CakUira de Furnas, San Miguel, Azores i in 
.and C. Sainto-Claro Devil lo examined tho gases evolved by the Grande 
of l’um.as, and found them to consist wholly of carbon ' dioxide, ^ent. 

hydrogen, and a trace of nitrogen, hydrogen and other combustible 
Tho recent experiments of Fouquo corroborate tho above results. The jjjgoTn- 
after treating 2,600 c.c. of the gas witli pobish was less than 1 c.c. ana vas 

l)u.«tiblc. - , r. t differ 

It would seem, therefore, that tho gaseous emanations of the 
tcrially in composition from those of the Geysers of Iceland, and ftconi tn 
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T scany the Intter liivambly contain hoMi liy<U*of?on and cnvlmrettod hydrogen, 
rliey TTioVc closely roBomblo the soltatnras of cci*tnin active volctanic district a "(Cb/z/p/. 
rrW. Ixxv. ni'U 

Gases evolved from iho Volcanic Lsland of Santorin (Grecian Archipelago') after the 
Vrepfion of 1866. — Those gasfis hiyi'o boon analysed by Gorcoix (Cwnpt. rend. \xxx, 
‘>" 0 - 27 * 2 ), ^vho found that, besides carbon dioxide, oxygen, and nitrogen, the propop- 
Lif)ns*t>i'Vhic]i varied from day to <lay. ami ovon from hour to hour (vide N in table), 
irnceM of hydrogen, snlphydrlo acid, and niarsli-gas wero dt!i,oetod. In April 
1870 acid vapours (temp, about 115'^),\verc still issuing at two points, the gas evolved 
liiiving the followijig composition : — 


- - 






I'tnniirole N 

r:i- on A7»ril J‘.\ 1870. 

Fiiniarotc 

- - -- 




Sample 1 

Sample 2 

Ilvdroi’liloric Jn‘id . 

lUl 

10 ) 


Mil Ijhii pons ncid 

1*2-0 

0-1 1 

28*1 

(.‘arlioii (lioxiilu 

08 5 1 

08*5 j 


Oxygon. 

none ; 

none 

11*0 

Ni!rog'‘'.i 

none 1 

1 

none 

i 

07*3 


0l)-9 1 

9f)0 1 

99-7 


.An .iiifilysis of tlie gas contjiiiii?(I in the .soa-wator on the coast (date not stated) gave 
'J.Va p.c. CO*, 101 O, and (J Pd X. 

Gases evolved from. the. Volcano of Niairost (Gorceix, Compt. rend. Ixxvii. 597-601). 
-'riii: gas collect »‘d during Alnrcli 1878, from the fmnarolcs in the crater had the 
iijlhjwiiig composition ; — 


ITydrogcn sulphido 
Cirhoii dioxide . 
Oxygen . 
llesiduc . 


a. 

h 


c 


d 

(15*0 

71*0 

77*0 

71*0 

71-7 

70*0 

8-G 

80*0 

21*6 18-0 

21-6 

24*0 

25*3 

90-2 

0*1 

0*4 

0*4 

0*4 

()-4 

0-4 

— 

1*6 

4*0 

4*6 

3*7 

3-9 

3-8 

P2 


a was from the older group of fumarolcs : the resiilue was incombustible, b and e 
wiTo li Diii two apertures in the more recent group, the analyses being niado at intervals 
"I three days: the residue was eonilmstiblo. d was from it .solfatara in tlio island of 
Cos: tlie ro.siduo consisted of nitrogen. 

'Iho fiinicn>lcH are surrounded by deposits of sulphur, and the soil is impregnated 
'vnli siiljiliiirii; acid. 


< JUICE (Kuhne, Lelirhuch dcr phys'iologlscftcn Chemic). As the pepsin 

jiiKl Jiydroelilorie. acid of the gastric juice prisluce togotlior oirects on allniiiiinou.s 
■'jdiis which neither is capable of producing Jipart from the other, C. Schmidt has 
►'iflg(!st(3d that tlies(» substances iinito to form a sort of conjugated acid, which he calls 
pepto-hydrochloric acid: that some .sucli compound is formed is also rondcred 
pin able by the modi ficati<in of the properties of the two substances wliich is Seen in 
‘ acid, for inst ance, dissolves the calcareous salts 

IinH behind the gelatinous matter, but gastric juice removes the gelatin 

hit* mass consisting of the earthy salts. Pepsin, too, in a neutral so- 

ividiSy'* presence of dilute hydrochloric acid it dialyses 

<liscev J artificial gastric juice hn.s been much simplified by Von Wittich’s 

essential organic constituent, is soluble in glycerin. An 
i’l-. ui, J fluid may bo obtained by removing the mucous membrane from a 

*-'-h pigs Kt.rtmuztli i.1. t.! ?z»__ J.I.: is. gmall 

I just 



hi alcoh^?> r * t*- 0*1 p.c. solution of hydrochloric acid added to it. The hardening 

^xtKict. i maccralion in glycerin is not essential, but if it is omitted, the glycerin 

‘piantitv** ttmiu'ious and difficult to strain, on account of its containing a largo 
ttustofen To obtain absolutely pure artificial gastric juice, pure pepsin 

V urse hrst bo prepared, unci then 'dissolved in the ctiluto acid (see Pbpsin). 

H. N. M. 
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GEIERITE— GERANIUM OIL. 


OBim|nPE. A iiiineral. opciimiig at Wi>lfiicli in the Bkick Forest, in calcsn; 
on antimoninl silver, in cryatiils of the rhomliic comkiiiation ooP . jwpco'. It its g u 
^vllite, yields a. suhliinato of arsenie uiid sulphide of arsonic, and when heatedoii * 1 '.^^ 
coul fdvos oft' sir SOI lions oxide, sulphurous oxide, and vapour of antimony. Hiiij''^" 
*= r>-ij, sp. gr. := 6‘550. The analysis, carried out by Petersen, leads annroxin,..?*T^ 
to the forninlM, J*’e.S- . r»(iv ; Co)(As.Sb): ' 

R AS Sii Fo Cf 

ft-is r.2 L>9 .p:i7 21 - 3:1 -1-40 « 100-57 

The niinenil also c.oiilaius traces of innnKanesc. zine, nickel and load 
Jahrhuchf. Mitnudogic, 1869, 315). 

GSlaSSlIKzmiC. The alcoholic extract, of (hhoiLium acmpcroirnis yields Ijv 
evaporat ion, solution in water, acidulatioii, and agitation with ether, an acid ■wiiich 
crystallises out in small quantity as the ether evnyxirates. Tliis acid, called gcilsemic 
acid, forms, after purification, colourless, sceutles.s, and tasteless needles; unites willi 
alkalis forming orystallisahlo salts: and dissolves in nitric acid with yellow or red 
colour becoming deep blood-red on addition of aiiimonia. 

The alkaline solutions of Iho acid exhibit a yellow colour and bluo fluoresconco to 
whiiteviT. degree they may be diluted. The-ncid sublimes at 100®. ’ 

The ethereal soluiion of golsemium extract also contains an alkaloid, golscminc 
311 larger qiuintitj’ tlian tlio acid. This alkaloid, which may be extracted b}* iidditioa 
fif potfish and agitation with chloroform, is, wdien purified, awhile amorphous siibst.iiicc! 
linving an intensely bitter tasto, slightly soluble in waiter, easily in chloroform, anJin 
25 pts. of other; siilplniric acitl dissolves it with rod colour, changing to purple- red on 
iK'ating. It melts below 100°. Alkalis precipitate it from the aquoou.s sohitiena of 
its salts; llios»‘. salts also give precipitates with potassium dichroraatc, potassium 
sulpliocyaniite. pi<.‘nc acid, potassium iodide, hydrobromic acid, lorricyanidc and feriTj- 
ovanide of potassium, &c. It is very iKjIsonous. (Wormley, Arners, J, l*hcim, 
1370, 42.) 

GESiLirZlirM OZZi. Indian geranium oil, as it occurs in commerce, exliibits 
c.onsidorablo varieties of composition and properties. 0. Jacobsen {Ann. Ch. Pharm. 
clvii. 232) has examined tw’o sample.s of it. both containing truces of copper, ta 
which perhaps the greenish colour of the oil i.s due. One sample, of sp. gr. 0 887 nL 
20°, was found to be adulterated with ahrjut S p.c. of alcoJiol; the other, wliicli iviis 
more viscid, and had a specific gravity of 0-010 at 29°, contained 20 p.c. of a fiiltv 
oil. 'Hio free acid, which was most abundant in the sccoikI oil, w-as Kcpiu-jitod by 
agitating the di.stillate (obtained belov/ 210° with potash-ley, and distilling the eva- 
porated liquid with snlplinric acid; it pi-ovc<l to bo V'aleric acid. 

Gcra^iiol, - -Tliis compoiind, isomeric with bornool, and with the osscii- 

lial constituents of the oils of cajcjuit, I i'>p.s, coriander, and Oji7nifopsis a6ferlsmdcs, is 
obtained by repeated fractional distillat ion of Iho ]>ortion of the crude oil wliioh 
piasses over bcLwceii 210° and 240°. Jt is .a colourless, strongly refracting liquid, 
liiiving a very fragrant smell of ro.‘ies ; not solidifying at 15°, and inactivo to polarised 
light. It has 11 specific gravity of 0-8851 at 15° and 0-8813 at 21°, and boils 11 b 232°- 
233°, that is to say, at. a. higlna- tomperatnro than cither of its isomerldes. It is in- 
sohiblo in water, but mixes in all proportions with alcohol and ether. On heating it 
with recently fused and i>ulYcrisod calcium chloride to 50°, at most, filtering tJio 
liquiil m dry air, and then cooling it slowly to 10°, a crystallised compound CaCl'. 
(jioyi8() out, w'hicli is immediately decomposod at a higher temiieraturo or 

by w-atcr. 

Geraniol oxidises vci-y slowly on exposure to the air, and then leaves on dittillftdon 
.* 1 ^ hrow'u viscid mass, w-hic-h is also left in vtiriablo quantities when crude geranium 
oil is distilled. , 

By dropping geraniol on molting InjdraU, potassium valerate isfermo*'- 
Valeric acid is also produced in small quantity liy prolonged boiling of gerauio 
with potash-icy or bnryta-wntcr. By oxidation with a cold, neutral solution 
hium perniangonudc, geraniol yields valeric acid logot.her with fatty acids 
carbon, especially acetic acid, wdien Ibo solution i.s allowed to become heated. ^ 
a hot solution oi potmHmachnnmde and mlphuric acid the principal product is 
acid; valoric and succinic acids are also formed. flcW produces nitrobonze » 

hydrocyanic acid, oxalic acid, and a resin, but no nualoguo of camphoric acid. 

Oeranyl chloridfi^ C'®II**C1, is formed by p.-isshig hydrochloric^ acid gas 
geraniol, or by heating the lat ter to 89° -U()° for several hours with strong oq 
liydrochlorie acid. It is a yellow'isli, oily, opiticiilly inactive liquid, ^ 1 

CJimphorous aromatic odour, a specific gravity of 1*020 at 20°, not solidifying 
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. l»y (iistillation ; silver nitrate in alcoholii? soliitiini precipii ates th? ehlorinc 

iMumHliiitcly anil couiplotoly, even at ordinary tomporatni L'y. 

(hnmtfl b/w/iidcj C‘®TI*'.Br, and Gcrmiyl vnlUti\ arc produced by decoin- 

tiio clilorido in alcoholic solution at ordinary timiju ratiircs wilh bromide or 
of potassiuni. Tlia cyanide and ^iniphayaniite may bo oidained in a similar 

■ imt r by monns of the corresponding^ potiissiuiii wilts ; also the vaknite, auarinafe, 

• -which are fragrant oily liquids, not solidifying at — 10'^, :ind not distil- 

hblrt docompositioJi. Tho etherification may also be elrccl.od by healing 

ivnniol to 200° for two hours with excess of cinnauiic or jiciizoic. aiiil, and washing 
vilh dilute solution of sodium carbonate. 

Gcramil oxide, C'"ll“‘‘0, is produced by luaiting geraii}’! chloride with geraniol, or 
t.) 1«0° 200° with tlireo or four tinus its bulk of water, or over llie w;iter-batli for 
s. ini' lime with alcoholic potash. “When purified by repeated distillation, it is a e.ulour- 
W liquid which floats on water, has it peculiar odour of pivppermint, and boils at 
]sr-i9o° 

(kranyl sulphide, produced by treating the chloi’ido with potassium siil- 

vliide ill alcoholic solution, is a yellowish liquid, biiiking in water aiid having ft 
voiiliar disagreeable odour. Jt uniles with or forming a compound 

ins!»lubU! in alcohol. AVlieii heated it gives off sulplmrous oxiile ; and yields a ilis- 
lillato consisling chiefly of the terpene of gcraniol. 

Thf preceding reactions sliow that geraniol in ils chemii al relations, bears a grejit 
ivsemblanco to borneol, and. like the lalter, m:iy bo regiirdt d .m.s a monatomic alcohol. 

Tlio disliiigui'Shiiig physical cliaractiT-s nnmoly, tliat .gcraniol is liquid 
;.ii,I lias no action on polarised light, are repeated in almost all its derivatives, 
({vranenc, i.s ])roduced by distilling gcraniol -vntli phosphoric aidmlrlile 

« :• :'inc chloride. ^Vllen ]ninfied by repeated rectitication, finally over mclallic sudium, 
j-iiL colourle.s.*-, mobile, optiiN'iUy inaetivc liquid, having a specilic gravity of (>‘f’>i2r> 
.'If and vapour-density of 4 uil at 237°. In conlact with tlie air it oxiili.scs quickly, 
villi iibiiiulaiiL formation of ozone. It unites with hydrochloric acid, formiag a liquid 
hydiwloriilc; does not appear t<j form a. hydrate when treated by AViggers’ inetho.l 
V.L' iiitj preparation of terpin. AVitli vitric acid it yields tho same oxidation-p.i'odiicls 
Ilio iil.lier lurpene.s. 

GEYSSBS. Tho valhy of I’lirmi.s, in the eastern part of .San Miguel, was disturbed 
about tlireo centuries ago bj’ volcanic eruptions, and the soil is now ]n‘rforated by a 
]!ii!iibi‘r of geysers. 'Phe three lurge.st and most active of the.so nre called ‘ealdeiras.’ 
Daly one of iheso furni.she.s a continuous strciiJii of w'atcr. Another .sends fort li in- 
IvraiitliMit eiimtnts ; while tho third emits only water-vapour and gfis. Heside.s the.sj 
boiling springs, llicTC exist others which have a temperature of about 1()°C. and whos!« 
'vali rs are ferruginous. The W'iitor of some is very alkaline and but slightly siil- 
phuroiis; others aris not in tho least sulphurous ; many conbiin a con.sidcraldo amouid: 
of hyilrofurric carbonale and Ciirbonic acid ; and .some, free sulidiuric .'icid. Theso 
springs, e.specially those containing sulphuric acid, nre used mediciiially. All of 
lliam coiitiiin a large quantity of silica in solution, so large, indeed, that it is de- 
])f»sit(;(l sit the mouth, f^odium salts and free carbonic acid are present in large quantity, 
■'vbihi iron, lime, and inagucsia are comparatively scarce, fiioveral of tho springs con- 
tiiin traces of bromides, iodides, and fluorides; boracic acid and arsenic are not present 
(T. dll louque, Compi. rend. Ixxvi. 13G1). 

OXROXriL HSSZV. Sec Kksins. 

. Gorupositivn of various kinds. — Crystalline gla.ss from Dresden, easily 

'|«1)1(!, nml luiviiig a sp. gr. of 2’6fj6 to 2’C60, was found by 11. h’eliwarz (IHnyl. pol. J. 
^123) to have tho composition lfiSiO*.2Al‘OM3llO, tJio symbol ItO including 
oxide, lime, inagiiosiis., soda, and potash. Amorphous glass of sp. gr. 
", exhibited nearly tlio .same composition, viz. : 17Si0-.2Al-0’'. 13110. These 

wd**'^'* large proportions of mtaiignnous oxide (5'fj0-6'30), which acts liko lead 

If u, rendering tlii ni easily fusil jIu. Tho manganese residues from chlorine works, 
bJ iV^f n ** ‘^®“poimd of ni:iiiganc.so oxide aiidlimo obtained in Weldon’s proces-s might 
employed in their preparation, Venetian Mosaic glu.ss, opaque and of light 
(^;i "'•*** I'ound by iScliwarz to contain o‘92 p.C. aiitiinonious oxide, 9'7C lead 

' o»a 1-33 ,»pp«r ‘ 

fu' (Vinyl, pol. J. cii. 422) has endeavoured to detormino how 
^ bo advMntagcou.sly used oh a substitute for tlio alkalis. Setting out 
gla.«s W'liich does not approach more nearly to tho coinpo- 
tf> It0.2SiO-, can be of practical v-aluo, on account of its easy 
- ’ hy water, &c., ho hits attempted to prepare glasses approaching tlio 
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former composillon, in wliieli more cr los.s of tlic alkali has born replaced by bantn 
A glass containing silica 68'48, baryta 30*56, potash lO’OO — nielted ■well — blcwtHsilv' 
hatl a inodium liaitliiess, and coiifiiuemblo liistro. As compnrod with a similar 
glass (?.c., with an equivalent of lirno in place of baryta), it was found to be of ^rofiUp 
density and lustre, and more fusible; in resistance to chemical reageuts it Rcumoil to 
stand between lime and lead glass. 

Attempts to increase the quantity of baryta in proportion to the other hasie 
stituonts, or to inako the glass more acid, residted in oVrfaining masses which lici'nnn- 
devi trilled Oil cooling. Although glas.sos containing no alkali can be proimnnl iv„n, 
silica, lime, anil baryta, they are pmctically infiusiblo if they contain more silica than 
corresponds to ll0.2Si6-, and these arc so easily dccomi)Osed as to be worthless. 

It apiMsars, then, that Iwiryta can only lie subst ituted for the lime, anil not for ilir- 
alkali of glas.s. See also Jeanne {ibid, i-xciii. 259). 

Ancien t Jewish Glass. J). Campbell (CheiJi. Xeufs. xxiv. 283) examined a Kpepi- 
meii of glass dug up in the neigh! lourhooil of the Temple of Jerusalem at a depth i)i‘ 
20-80 feet. It. was mucli weathered. Sp. gr. — 2 -130. The least altered portions 
give by analysi.s : 

SLO’ TuO MpO Nft-0 K“0 A1=0 ' StW , PbO P’O'- 

69-30 8 50 0-55 13-79 1 -IS o-20 2*00 0*29 trace 0 80 =* 99-93. 

Cryolite Glass. Milk Glass. — Cryolites glass from the works of tlio AniPiiiMii 
.Hot-cast Porcelain Company, having a .sp. gr. of 2-471, milk-white in the iniililh'. 
opalescent to transparent, on the outer and inner surfaces, and like ordinary good glas^ 
in the other quirts, w'as found by Penrath {Dhigl. 2>olyt. J. cxcii. 237) to contain 

SIO"- APO^ Fe*0- ifnO TnO Xii'O 

6707 1099 1-02 1 09 trace 19-83 100. 


Kxperiments in the glass furnace showed lliat a mixture, of 1 part cryolite, and 2 parts 
quartz-sand melted easily and became quite limpid, yielding a glass which nniiaimil 
transparent after rapid cooling, while at the bottom of the crucible, where tlui layer oi 
glass was 5 mm. tliick, tlie ma.ss on cooling was completely eonverted into milk-glass. 
The glass, whicli was perfectly white, liad a sp. gr. of 2-373, and gave by analysis 
70-01 p.c. iSiO‘, 10-78 Al-0*, and 19-21 Na*0. Its formation iiiny be represtnlcil hy 
the equation : 

6NaF.Al=F® + 14SiO® * (SNa^O.APOM iSiO^ + 38iF^ 

The silicon fluoride, which is evolved in largo quantity (74 pounds from 300 poumlsof 
tliB mixture), might bo converted into silicofluoric. acid available for the preparation o 
potassium salt.s, by simply connecting the covered melting pots with absorption-ciiain* 
bers containing water. , 

C. r. Williams {Journal of the Franklin Institute, Ivii. 252) has made five analyse 
of cryolite glass, from which it appears to contain, on the average,. 

810“ APO“ Fe“0‘ MnO ZnO CnO MgO NirO F 

68-34 7 86 l-oO 1-12 6-99 1 86 0-25 10-51 SOo. 


The sum of these constituents must be diminished by 3-39 p.c. oxygon, equivalent to 
the fiiiorinc. From this composition Williams calculates the formula; 

2[K=0*.3Si0= + 3(H0.3SiO*)] -b 2NaF.SiF^, 

and infers, from tlio proportion of soda, that the original mass consists 

23*84 cryolite, and 8-97 zinc oxide, but lo.ses 39 p.c. of its^ fluorine as silicon « ^ 

by the melting proces.s. ITo suppcises that the sodium silicofluorido 

acts in the same manner as tlie calcium phosphnto in ordinary milk gl*^*, • 

glass is peculiarly well adapted for coloration by metallic oxides. Accoming 

J. Clieyney, Ccalcium fluoride may be substituted for cryolite in its 

FJ. Richters {Dingl. pci. J. cxciii. 259) lias made experiments on the use o , 
fluoride, obtained in the preparation of carbonate of soda from cryolije, in 
instead of lime. Ho finds that it leads to a considerable saving (nearly n(nrr, 
Glauber’s salt, without involving any increased consumption 
or diminished yield ; but that the iron contained in this artificial fluor-spar 
unavailable for the preparation of white glass. for tlic 

iSodium aluminatc has been found to bo more advantageous tlian ci^ ilcwt. 
preparation of milk-glass, as it docs not attack the melting pots so strong^ 7 
cryolite and ^^5 cwt. of calcined sodium carbonate is replaced by 1 cwt.oi w ||te 
inatc. This preparation has also the advantage of containing lew iron 
(Stolba, e/; cxcviii. 178). 
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A. very ‘ glfis.s ’ oxamlned by tStolba (/oc. ^//.) was found to contain 

S10“ A1°0* CaO IC’O 

82 3 3*2 3*3 57 6G ~ lOO'l. 


Tho turbidity of this glass is probably due to tlie largo pmport ion of silica, wliii-li 
;i ttaidiuicy to dovitriiication.^ 

(Hold'J'itffJi Olftss . — The conditions under which this glass is produced havo been 
i.\M!uiiu:d by Sliiller {DingL pal. j. cci. 1 ] 7). Previous resea rche.s Jiad shown that 
iis fori.'i.ilion doe.s not depend upon tlio use of any pari iciilnr preparation of gold, but 
rli.it iiU t.!ie gold-compounds used in its production give up the gold in iho metallic 
ala tempera tiire much below tliat rcq^iiired for tlie fusion of tJio glass. The 
Miiafiiiiy of gold takon up by tlio glass <loes not exceed a small IVacl ion per cent. Tlio 
luiriK'i’ous may be either tnrhid or tpaiispiiront, and in the latler case may cxliibit 
viirious colour.s. Jiiiinediatcly alter fusion tlio glass is colourlo.ss or yellowish, and 
llu‘ ivd, which is the tarnish-colour (^M/r//*j^r/-»ff),appcar.s only when tlio solidified rmiss 
in lie:itod lo tJie leiiipcratiipo at which it. begins to soften ; tlii.s tarnish is independent 
f.i’llii' jitmo.‘ipher.‘ ami of e.vepylliiiig else hy which the glas.s is .siirioiimled. liy actual 
fusion the glass again beeonies colourless. Tho changes of colour in gold-glass aro 
ciitinly owing to allotropic modifjcaiions of the gold; silicates of gold am unknown, 
.•iFul Ihe assumption of tlicir formation in tho invparation of gold-glass i.s .scarcely 
;iui;ii<sil>le. It .still, liowever, remains to be determiin ci in wli.it inaimer llio gold 
is tile ii up by tho glass ; also w'hy tho gold-glass tuins red wlieri heated, and not as 
file Mi;i.‘<s cools ilown from the fused .state, Tho condition.s of Ibrniation of tho aiiri- 


iVrmis jvla.s.s, and of its changes of colour, are also hut very ijiipm’feetly deterraiiu* 1. 
.Miillcr's experiments havo led to tho following rcsulrs: — 

OiK! huiidrKl-thouwifidthpartof gold is suffieient to give the glass a rose colour ; tho 
liiilf of this amount; has no perceptible cftect. Oln.s.s containing lead takes up mom 
tli.ui that which is freo from huid ; lead .silicates Tiiay T>o m.nlo to lake up of 
tiifii' weight of gold, Tho quantity of golil taken up afb'cts l.hc colour of tho glass, hut 
rit!u-r eiivuinsta rices iiifluonco it at tho same time. Ur<linary glasses, made by melting 
togi iher lime, alkali and sand are not adapted for Ihc preparat ion of gold-riiby. Tim 
.iililition of lead oxide has a very good effixjt on the colour of tho nil^y-glis.**, but it is 
limitL'il by tho inability of tlio melting pots to witiisfand tlio action of the lead oxulc. 
Oxide uf Lin has no effect. An addition of Vilriim mitimomi iwS said to make tho colour 
lrs.s violet.. To prepare un auriforou.s glas.s which shall take a good red colour, tho 
ti iiipeijitiiro must bo raised to t.hij melting-point of cast-iron. Jf fii.scd at a low' tnni- 
I'rraturc, the ghnss conlains tho gold in tho sojiarnte state, and appeuirs. not colourless, 
I'ut yellow by rollcctcsl light, from the su.sjwudod gold-particles, and hJuo hy trans- 
luittcd light, exactly liko a gold-solution from which the gohl has been thrown down 
l'yJi‘iToii.s .sulphalo. Gold-glass which reddens well can be obtained only by prolonged 
exposuro l o a high t cinpcraturo for an hour and a half at tho le.ist. ^I'lio melted gla.ss 
will not Like up gold if thoro is any ‘ ghi.ss-gall ’ floating on its surface. Tho addition 
of potas.'tiiini sulphate or clioride to tho glass immediately throws doxvn tho gobl in 
f^phiTiilcs. CVilourlc.ss guld-gla.s.s acquires tho finest rod colour when cooled as quickly 
•'!s possibly from fusion aud then again heated. Siiddcii cooling leaves the glass 
foloiirloH.s ; slower cooling rondora it turbid, part of tho gold separating in granules, 
while thill W'hicli remains in tho ghis.s does not impart t o it tho jiowcr of forming riiljy- 
ftl'iKM. Qiiunching tlie gla.ss, that is pouring it into a largo qujinl ily of cold water, i.s 
|■^^Pl!tMally rt'sortod to in practice for producing a colourless glass capablo of taking a 
.^ooil rod colour. 'With mgni\l to tho colour of gold-glii.sses, those fluxes in w’hich the 
^uki IS Buspcnclcd in tho glass must bo distinguished from those in which it is n*ally 
•iKcn up or di.ssolvcd. Tho former may contain the gold a.s a black procipibate or a 
m:r-br(Avn mass according to tlio fiiioness of tho suspended gohl-pnrticlcs. Thor o 
.. assps ni wliicli the gold is taken up as a homogeneous e.onstituoiit bcha-vodifferenl iy, 
t « iire colourless, yellow, or grconish-yollow Ixeforo reheating, according to the quantity 
mj sold the rajudity of cooling, &c. 

^ gold-glas.s takes place in various degreos. With good gliuss it 

■ ^."oipiont red heat, goes on quickly, and is completed by tho time that tho 

■W^e fraj^onts begin to bo rounded. In inferior glassirs, tlio rodcloning takes 
slV^ when tho ghiss begins to form drops, and souietim -s 

^ gbass must bo repeatedly removed from tho fire a ml reheated. The 

ill! 'suc.ceoda bettor, in ppopiortion to tho quantity of gold taken iij) by the glass, 
nd tonipcraturo between the fused mass and the surrounding atmosplicj’c, 

■‘^10 tom the time of cooling. It still remains to be explained why tho 

urrr is m differently on tlie auriferous glass accordingly a.s this tempcr.i- 
Iii ft'n '“^‘cd by heating the glas.s, or by cooling it from the state of fusion. 

appendix to JVTuller’s jraper, F. Knapp maintains that the gold in ruby 
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glass is clissolvotT in tho same mnunor as colonring iimtlcra are taken up l>y molrorl 
sugar and gelatin. Glass can also ttvko up silver and copper in tho sanio 
gold. Colourless gold-glass is gradually reddoneti by light, even by diffused djiylig{.; 
v.'honco it .appears tlmt tho allutropic modification ol the gold »inay take pkacc*. 
independently of tho action of heat. 

Devitrification of Glass.— Mwny kinds of ghiss when repeatedly houted Ijccomo 
crystalline and more or less opaque. Tho change appears to l,>o due to tho cryst.illisji. 
lion of silica, or of doflno silicates rich in silica, previously held in Kohitioii in th.j 
amorphous glass, inasmuch as tho amorphous portion is found to contain more alkuli, 
while tho crystalli.sod or doviLrified portion is richer in silica and lime. Tho adiliiion 
of even <i small quantity of sand to molten gl.nss causes tho formation of cryKtalliiK. 
nodules, and when glass, towards tho cud of the melting, shows signs of crj^stallisatioii, 
tho manufacturer kuows that too much lime has boon added. Glass is also especiiilly 
apt to become erysUillino when the crucibles are allowed to cool slowly, lleiiriviiux 
{Dull. Sue. Chim. [2],xix. 6) has analysed some of tlin crystalline nodules, and fouiul th.it 
their composition is always different from that of tdio aTnori)hous glass. DevitriJiid 
glass .sweats in a dqinp atmosphoro and gives up alkali to water (sco Chcvi. Soc. J. [2], 
X. 387-986 ; xi. 241 ; xii. 513). 


GlbAirCOXrXTlS. A. Kuuffor {Jahrish. f. Cltcm., 1870, 1307) has nnalysid 
several Russian glauconites, of* s))ecilic gravity 2*70 — 2-79; — 1. From the yiluri.ai 
lime-stone of the Hi vor Sivir, which forms the connection lictwen Lakes Ladog.! a id 
(.)iu'ga. 2. fl and A. From the Silurian glauconite sand of Karya-Oro near Ontika, 

Fhsilaiid. 3. From the Silurian limi\stosie of tho same loc.ality : a. total analysis; 
h. after deduction of quartz. 4. From tho Silurian linniitono of Falli.-schport, Klist- 
land. 5. From tliu Silurian sandstone of the same. 6. J*>oni the tertiary sand of tlio 


valley at Gradow' : — 
FvO’ Al-’O'' ro-0=‘ 

FcO 

MgO 

CaO 

K--*0 

Na=0 

n-o 

Qimriif. 

OQ'SO 

19-42 

10-23 

16-01 

3*00 

3*7 S 

0-31 

7*91 

0*26 

8-08 

0-KO =-- 

52-00 

9-03 

15-89 

4*36 

304 

0*12 

7-81 

0-22 

5*3S 

0*48 = 

99-80 

61-93 

0*2() 

15-31 

4*73 

3*70 

030 

8*02 

0-20 

5*52 

0*40 = 

99--19 

41-57 

9*92 

10*90 

2*49 

3-19 

0*08 

0*09 

0*26 

6-65 

18*84 = 

99-1)9 

51-24 

12-22 

18-14 

3 06 

3-93 

0*10 

7-50 

031 

8*20 

— -■ 

100-00 

50-91 

9-81 

16-54 

4*80 

3*62 

0*30 

8 09 

0*14 

6-48 

— — 

100-09 

52-38 

10-53 

13*77 

4-36 

4*96 

0-08 

8-00 

0*04 

5*88 

— 1 s;r. 

100-00 

49-76 

8-18 

16*00 

3*77 

3*97 

Oil 

7-57 

0-52 

9-82 

— » 

10000 


OULVCOPTRXTXS. A mineral from Guadalcanal in Andalusia, nearly ndati J 
to the geierito of Wolfach (p. 552). It occurs, together with fahl-oro, light rod .siIv.t 
ore, aud a small quantity of antimony-glance, in kidney-shaped mnssos cuniposcci «< 
very thin scale.s. "Fwin and triple crysUals also occur, formed on tho ^yP® “ | = 

and appnrently belonging to the rhombic combination ooFoo . ooP.7wPoo . t/Oioi. 
light lead-grey to tin-white, bLackish at first, then acquiring a yellowish-hrown am 

blue tarnish. Hardness = 4*5. Sp.gr. = 7-181. Tho analysis A, by R. 

:igroPS api>roxiinatcly with Ihe formula FcS-.12(Fo ; Co ; Cu®)(As ; Sb) which r q 
the numbers given in B: 

R As Sb Fo Co Cii 

A. 2 3G 6G-90 3*59 21'38 4-67 M4 « 100 04 


(F. Sandbergor, J. pr. Chem. [2], i. 230). ^ 

OXiirCXC, or OXiVensrxe ACXS. This acid, produced by 
or acids on glucose (ii. 848), has been lately examined by H. Roicharclt * ./ 

.^chrift pr. Dharm. xix. 384. 603; Jcnaischft Ztitsahr. v. 307 ), who nssips w ^ 
composition C«-ir=»Ow, or C»H'«0«.3li-0, wliereas tho earlier oxperiinentB or i o 
Rochleder a. ILawalior, and Mulder (ii. 848), led to the formula C»*H* O , amn b 
to those of tlio carbohydrates. . consisti«/r 

When dextroglucoso is heated with baiyta-w.atcr, a precipitate J* , fh«refn)H‘ 
of the barium salt of saccliarumic acid, C^IP^O'*, and tho liquid nlteret ^ 

contains tho barium salt of glucic acid. On mixing this solution wii -piint. 

acetate, filtering from tho coloured precipitate at first produced, and ng**-' F 
ing with basic lead acetate, lesid glucate is obtained ; nnd on acui is 

with hydrogen sulphide and evaporating tho filtrate at u gentle heat, g 


Wirn ny tirogon umpmuo »I1U iixuciiAj tiu IK (jw-— — • I Un tijo co>“ 

obtilinod ns a honoy-yellow mass, vhich vrlioii dried over aulpnunc jwaf tli» 

iX)sition C«ir”0'=> + aq. or 3H*0 + »q. ns further „Iutio» 

Icnd-sJilt C'*H»Pb’0'» or 3PbO.C'«IlwO* thrown down from the nentraiiaw 
of tho acid hy basic lend acetnto. and dried at about 1.50°. , thro*, 

Prom a neutral or slightly alkaline solution of barium gluMto, alconoL^^^jg.Qi 
the tribasic salt 3BaO.2C«H'»O" + 0ir‘O. An «ctd « 



GLUCINUM. 


llCf^imn O.iriwii.iwj vun.-wivuii uy iiCKl. Jintl Oil mipoiMt 1111] 

easily fria-Me mass is Iclt, exhibilini^ vlu-ii dried tho 
Ms0.C'"Il’®O'' + 3l:r‘'O. Tins i^odhtm salt, 3Na”0.4C*-IT'6f)» + oH-O. ohtiinod l)y 
]KiUrjilis.ition,is hygroscopic and uiclts nfc 100°. The iiluminiam salt, Ar-0*.2C*’-Jr"*0'* -h 
J dl'O, obl-ainod by solution ami evaiioration. is, ivheii dried at 100'^, yellou'isli-^vhile and 
soinoivlut Iiygroscopic. TIiij/irro?/j? salt, 3Fc0.2C'-II*oO® + OTPO, obtained by deeoiii- 
)v)siiig th« iribasic salt with ferrous sulphate, is hygroscopic after dr\dijg at 100° and 
luniis a green .solution. ’ 

Glncic acid is easily decoaiposoil, by lieating it.s a.quooiis solulioii, into apo<^liiclc 
,,1.1 (ii. SIS), formic acid, and an acid said to ho isomeric with acetic aciil, nio.-t prob- 
;il.ly acelic acid its<‘lf. 

Ai)Oghicic. acid has tlie compo.^^itioii whon dried at 100°, and 

;:L 140°. From tile compfisition of tlio lead salt, C‘"H^".PbO'', or PbO.C'"II '«0’» tint of 
iho aciii (li-ied at lOO-* is proljably 0*'*lI'«O".3H*0 (IJ. ReieJjardt) » ' ' ' 

Siaco the acids, saccliiiruinic and glucic C'-JT--0'^ formed a.s above bolh 

coiitiiin .a largrr i)ropor(ion of oxygmi than the sugar from which they are formed, and 
.iS no oxygen is absorbed during tho reliction, products containing less oxvi^e.n ought 

fr, bo formed at the .smie time. Ninnnrons experiments, however, liave bi-ou'dit to 

li-ht iioilnng of this kind, except acotoiie C’ll-0, or other volatile bodies of sTmilar 
oh.iivuiLer (h. luMcIiardt. / ki'Uljahrschrift pr. Phann. xix. olh). 

• "'*’1 “ 

in 1868 {J. pr. Chem.^sx. 227; Jahrah. 1868, 205) dcseribcl a numljL-r of i!,,iil,lo 
!,.li.lK,lr« iron, llio oxaminnjioii of whicl. I.e concluiU.l that Bhu-iimm Kiilphatc is 
ciystiillisiiigwitli tho sulphates of tho magnesium metals (M- K- Mii / i 
( 11 ) in till pro, »rt, ions, and in forms thitermiiKKl by tho predominant ba?re. constitioiiV 
vlsTOis he did not succeed iii obtaining double sulphates of gliieinuiu with tiluniinic 
iriTie, eliroiine.op manpinie siUphale: heneo he inferred that glueliiamust bo regarded 
iVL/'rvI'^' M rn' *‘'® "'"S"®-'""" Srarignae, on Iho otlmr Jian.l 

it'-u! ! ix^e *‘0’ ■"'“'*”"•■‘,'’*''.10 obtain any of I ho double salts deseribed 

■ 1 , t 'V',''® «>'«>ons of glueinum sulphiito and a magnesium 

.■J isMte iriviiriably deposit tlio two suits in seiwruto crystals, each of whieh mtiv 
.1 lyiys la. obtained puto 11 duo civro betaken to free it from adhering inothor-llqudr 
.11.1 1. 0.0 euehaied erj-stals of I ho other salts. I'lio sumo want of success was efpe- 

iS I'lnl hT,^'"® ’i" f"i'" elui'imira witli the nitrates of iii.ug- 

fiZr of t r ! ’ -Mangnac also jioints out Ihut tll^ argument m 

nine oxide h iV I "("rttf Klucinmu. founded on tho isomorphism of gliieilia and 
iv'ird,.j Idtlo foTCo, iiiasinucli as glucina might xvith equal reason ba 

retblishedf erf^^''’"" T ■ * “'"J l>«t one ’"'ell- 

(:=0> ,n nnlv *-> «1>(>W that tho formula is GO rather than 

0nti.r S.H.!o. of j.h.iiiakit,c, 2GO.SiO=. and willemite, 27,uO.SiO« 

Invic silts to 1 1 ' ’ ® of glueina as a b.ase, and its ('ii at tendoiicy to form 

its suits 'V' 'i of tho nunilnir 3 iu tho fonnulm of 
SbOIW ® + 7H=p»and 3Gn=0-’ H. 11=0, tho periodate 

Is eite l stKlio-glucinic sulphate 3GsSO*.2Xa=.SO* + I2H=0,— niav 

'ill.' miielTta fh “ ‘t® On the whole, then, tho quest l.l?. 

’ ' ' 'liii kI' '’i'-'i"” ’* ^“® .V0«™ I'go (coniparu ii. 810), ,aml is 

'IIIJ ^o, until M'O obl'lUM a !enfl«:finnfni«ir . ^ 1 


ivni-iiii J. '’'go (compiirc ii. 840), nml is 

f'fgUicimiin cbl . • i '' O ohlum a s.itisfactox*y dctorimuntion uf tho vapour-iltiisil v 
El ibor ? . lieat of tho motal. ^ “ 

AlhrUr- glueinum have lukly beou piAlIslicd by 

12 ; P]s XIX 407 ; Konffl. Vetemkaps. Akad!" I fandl in ^ar, 

is VCIT varinblA composition of tho basic 

f'^riiis also trib'lsip *, i l-o tho easily-obhiincd bibasic salts, glueinum 

i'*'i'ni)itjibility or up ^ 13—14 basic salts. Extwriments on Mio 

b'^ucinuni salts hii-im ? 'X of different acids by solutions of bi- and tri-lwisic 

chemical relations to glueinum acids with regard to their 

^*ro,nic, likewise bi- and tri-basic salts, soluble : ltJ/droc/ilo}^ic, hydro- 

2- Neutral and 1 chromic, perchloric, formic, and acetic adds, 

'»’«tep: soluble; tribasic (insoluble or) decomposed by cold 

Neutral sniL ^^ndroferricyanic, tartaric, and citric acids. 

j ^blo ; bibnsic, insoluble: sdeniotts, succinic, hydroferrovyank, 

:1- NeutraV sl In ^ ^ • 

w- ^ ^"soluble and easily prepared : periodic, phosphoric, and hc^xsoic 

rogai-^i to H . • 

n lational constitution of the basic salts, an important point 
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established by Atterbevg's experiments is tliat, -when dried at 100® they contnii, » 
qiiniitity of water corresponding with the quantity of noiilral salt and with the excosj, 
of oxide present ; thus, in the 2-, 3-, and 8- basic sulphates : — 

(lO.SO=* + 211=0 

20O.SO= + 311=0 = G0.H0*.2n®0 + GO.IPO 

3OO.S0* + 4H=0 - GO.SO=2H*0 + 2(G0.H=0) 

8G0.S0* + 9H=0 = G0.S0».2H=0 + 7(G0.H=0) 


Honoo Attcrbcrg infers thiit tliu basic stilts of gliiciniim (and probably, also, other 
basic salts) must bo rogtinled as molecular compounds of the neutral salt and tlm 
hydra to. 

Chlorides , — In fiddition to the neutral chloride, GCl® + 411-0, glucimim forms 
several basic chlorides or oxychlorides: e.g. 3GC1-.2GH=0'- ; GCr-.3GH'‘0* ; tluso. 
liowevcr, arc cleilnito only in solution, the former in dilute, the latter in concentiiiui 
solution. It also forms the insoluble oxychloride GCT-.12GH=0= + lOH-’O, and double 
salts with auric, mercuric, and stannic chloride (Attcrbcrg). 

The platinocMoride, GCl*.PtClS prepared by dissolving glcicinum hydrate in solution 
of platinic chloride, is very readily soluble in water, and separates from a hot pon- 
centrated solution as an orange-colourod crysUilline powder. By slow evaporution it, 
crystallises in short four- or six-sided prisms, with angles of 90° and Crv,sLil- 

lised under the microscope, it forms four-, six-, or eight-sided tfibles, with lliu s;iiiio 
angles, sometimes, also, ocl<jhcdrons apparently belonging to the quadratic systoni. 

TJujso crystals have the comijosition GCT-.PtCl' -i- 9H-0. Crystallised ghu'iinim 
platino-chlorido does not therefore correspond, either in composition or in erysLil!i:i.} 
form, with the magnesiiim salts MgCJ=.rtCP -h 6lJ.*0 and MgCP.PtCl* + 12110, 
but it agrees in composition with the calcium salt CaOl'-.PtCP + 9H=0; this last, sjlt 
docs not crystallise w-ell, so t hat its foi*ni is not distinctly known. The cryst.illi.soil 
gluciiium salt gives off d mol. water at 120°, and may then bo licutcd to 200° witlimit 
further loss. The dried salt, GCP.PtCP + 4lPO, is analogous in composition to the 
barium sjilt (J. Thomsen, Ann, Ck. Pharm. clvii. 363). 

Double Fluorides. — Poiassio-gUicinic fluoride wm.s described by Berzelius (ii.8.32) 
and afterwards by Awdojow (Pogrj. Ann. Ivi. 101). Klatzo, on the other hand (loc. vit.}, 
did not. succeed in preparing either this or the corresy)onding sodium H[ilt. According 
to Marignac, however (Ann. Chim. Phys. [4]. xxx. 4')). they arocMsilyobtaincd by 
coiicenlrating the mixed solutions of glucihum fluoride and potassiuni or sodium 
fluoride, and may ho rccr^^-slalliscd from water. The potassium salt^ 2KF.GP*, gciu i’- 
ally forms hard mam iiicl luted crusts, but by cooling a somewhat dilute aolntiou, 
it may bo obtained in crystals derived from a right rhomboidal prism. They geiipndiy 
present the form of thin hexagonal plates, tho basal ydaiies being largely developed. 
When tho solution conUiins excess of potassium fluoride, the crystals have tho 
ance of rectangular prisms, owing to the elongation of one of tho socondary axes. Ino 
salt is soluble in 19 parts of boiling water or in 60 i)arts at 20°. When heated u 
tlccrepitsitcs and melts at a low red heat : it contains no winter. By ‘J 

solution containing a largo cxces.s of glncinum fluoride, a second salt, Kh.GJ? , 
obtained, forming a hard, vitreous, mammellated crust, from which no detcrminttiu 
crystals could be extracted ; neither could it be rccrystal lised from water. 

Sodio-glucinio Fluorides . — Tlie compound 2NaF.GF-* crystallises in two fonnSj oua 
derived from a right and tho other from an oblique rhomboidal prism. It 
in 34 parts of boiling water, or in 68 parts at 18°. After fusion sit a red n«> , 
solidifies to a transparent glass, which hills to powder spontaneously. J ho coinpe 
Na.F,G]?’= i* very .similar to the potassium salt. 

The amnwniiim salt, 2NII<F,GF=, forms prismatic crystals isomorphons u 
potassium salt. ^ 

Cy anideof Glucinum appears to he capable of exist! ng only in very dilute no J 

barium cyanide, dec<impo8ed by glucinum sulphate, gives a solution 
only of glncinum cyanide. The platino^anidc, GCy^.FtCy*, is obtained J 
posing barium platmocyanido with glucinum sulphate, and purified by 
alcohol and ether. Below 30° it contains water and is golden yellow ; 
becomes orange-coloured ; at ii higher temperature it appears red and green. of 

magnamm ptatinocgmule, GMg*PfC^« + 16H»0, ciystellisM from » 
magnesium and glucinum iilutitiocyanides, in colourless ciystals. /• 

other double compounds, whicli are dichroic, are produced (Toczynski, « 

Cheni. [2], vii. 276). . 

FsrrocyaatVZc.— Glucinum sulphate is not precipitated by ItoW- 

and on heutiug the liquid, Prussian blue sopartitos out ; a basic ferroc^an 
over, obtained ou addition of ammonia (Toezynski) 



GLUCONIC ACID. 


SS9 

Qg^aen-coni^otinda of Glucinum (Atterberg, he. cit .). — The hydrate recently 

ceiuiuit^ by nimnonia has the competition sniT-'O* + 7H-0, and, after drying at 
?««o fjII'O- ; fitini a boiling solution of glucina in potasli it is precipitated us a com- 
contoining 3GH‘0’ + IPO. 

normal salt GSO‘ + 4H-0, gives off 2 mol. water at 100®, tlio 
tliird lit 160°; the fourth at a higher temperature, and the whole of its acid when 
exposed to a prolougeil red lieat. It does not crystallise as a double sulphate with 
turroiw or cupric sulphate. Marignac describes a hox-Jiydrated sulphate obtained 
iia'idcntiilly, in foliated prismatic crystals, which were very efflorosociit and lost their 
brilliiiniy on removal from the mother-liquor. 

Basic sulphates. — TJio salt GSO*.GO®H* + 2iFO is formed by dissolving glucinum 
hydnito or carhonalo in a solution of the neutral sulphate. It is a trunsparenl , 
finiorplions mass, which, when dried at 100°, has the above com]X)siLion. At 200° 
it loses two mols. of water. 

(bSO'.oGO-'U' + 2H‘0 is produced when the solution in whicli it is formed is 
kiilc;!. 

Potassio-ylwinic sulphates. — .K’G(SO^)° + 2H*0, is a white crystalline powder, 
‘tli'flitly soluble in cold water, easily soluble in warm water. 

K*(i(SO‘p 2KllHO^ + 4II“0 is prccipitared on n<lding sulphuric acid to a mixed 
solution of the two sulphates. It gives off 4ir-0 at 100°. 

jSWw-///wri«uJ 2Na‘iS()'.ilGSO^ + 12IFO, forma needles grouped in stars, 

:iii!ilttrubla in the air, and giving off 711-0 at 100°. 

Ainmonhi-glveinie sulphate^ (NJi*)-SObGSO* + 2 IPO, gives off two mol. water at 
110 ° 

When a solution of glucina in Siitiiratcd aqueous sulphurous acid is uvapo- 
riitcd, part of Mio acid escapes, and a viscous basic salt is obtained, probably having 
1.1)0 composition (bSO-’.GO'^H* + 2IFO. 

Tl)u hyposulphate cannot bo crystallised; its solution, when ovaporatod, evolves 
siilplnirous acid. 

Ikknaic, GSeO^ + 4TPO. — A very soluble salt which loso.s 211*0 at 100°. 

Sclinite. A solution of glucina in selenious acid dons not yield crystals by evajHjration ; 
l ilt Jimraonia gives a white flaky precipitate of 2GSoO*.GO‘‘*H® + 6JFO, which loses 

A solution of glucina in chromic acid does not jrjold crystals by (‘VJipo- 
riition. The addition of neutral potassium chromate to a .solution of glucinum .sulpli.ito 
pm-ipitafes a basic salt, whicli is decomposed by washing with water. 

Molyljclate, GMoO^.GO-IP + 2H*0. — Obtained in fine needles, almost insoluble, 

I y prolonged ebullition of glucinum hydrate with molybdic acid. 

Tho neutral nitraU is decomposed, on evaporation, with formation of a basic salt. 
The cA/ora/fi is still more easily decomposed, w'ith evolution of chlorine. Tho pir- 
■j/ ■ + 4fFO, forms needle-shaped, deliquescent crystals, periodate^ 

3{-0.I‘0‘ + l.'lH-O, i.s nearly insoluble iii pure water. 

orthophosphate, G'-'r-'O® + 7H‘'0, is precipitated on adding ordinary disodic 
I'liosphato to a solution of neutral glucinum sulphate. 

^^f^hhs have been obtained, one soluble, tho other insoluble. Tho nenfral 
^oluulV(Altc' l **** sficcinate and tartratCj crystulliscs with difficulty from a syrupy 

^^oJaesui-aluciHic Tartrates . — ^A solution of 2 mol. cream of tartar and 1 mol. 

ovapornliou, lir.st creaui of tartar, and then the iloiible 
1 .• ^ K-GO", in peculiar ciystalliiio growtlis somewiiut rosenibliiig yeast-cells, 
of ftiJ*^** /m ^‘^“^^■'G=0* + 3H‘0, is produced liy boiling cream of tartar with excess 

sfiinci K b of glucinum and autinioiiy aro obtained os iion-oprstalliiio siib- 

» y boiling togetlior antimonious oxide, glm;iiui, and tartaric acid (Toezynski). 

(Hlasiwetz a. llabermaim, Ann. Ch. Pharm. civ. 
***iKar 4^ produced by the oxidising action of chlorine-w'ater on glucose or canc- 

tiott tiike solution of tho sugar i.s treated with chlorine-gas as long as aljsorp- 

of th . process going on for four or five days when a considerable qiian- 

'‘1‘rarbonie is employed. Tho chlorine is then expelled by a stream 

^‘11 it ’ theliquid i.s wanned in a basin, niid moist silver oxide is added 

liiuo with 1 ; bile solution is quickly filtered ; the residue washed for some 

‘“'I brow ii 1 ?' Y‘'^ter ; the filtrates, w hich geiiorally soon begin to become turbid 
ywliiccd silver, arc immediately treated with hj’drogon sulphide ; and 
IS conceiitrjitcd on the water-bnih. Tlio crude gluconic acid tliiis 
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ottainod is neuiralised with milk of lime ; the resulting calcium salt converted into 
le*icl salt; and the pure acid obtiiiiied from the latter by decomposition with liydrrjr.^ 
sulphide. ' ^ 

Gluconic acid is an acid syrup. Its calcium an<l bcariuni salts and the ethylic utht 
crystalliso -well ; the leail, cadmium and alkali -in ct^il salts are amorphous. ^ 

Hla.siwotz a. Habermaun suppose that the forniution of gluconic acid is preeedcj Iv 
that of a noTi-isolablo chlorine-compound C*1I'-0“.C1‘-, the two atoms of chlorinolciivr 
sul>scquontly replaced by one atom of oxygen. ^ 

Kespcct.ing the constitution and basicity of gluconic acid, different views have bcpu 
advanced. I’ittig ( Ucher die ConstUntion dcr sofjvnnanicn Koldthydraie^ ^lubiugcii 
1871) rt'gards glucose :',s the aldehyde of a hei»tat oiuic alcohol C''1I'(01I)» dcriw I 
from the .satuiMt.ed hydrocarbon and therefore c.s having the constitulioji 

or in full : 

Cir-(OH)— Cn(011)-CU(0H)— CH(OH)— 011(011)— coil. 

This, like all aldehydes, should yield by oxidation, an acid ccntaiiiing oiio aimn nt’ 
oxygen more, and differing from it in constitution only by having the last group CJfO 
rej)laced by CO(OII) • gluconic Jicid should Lhoreforo have the structure 

CIP(OIT)— 011(011)— CH{OIT)-CH(OH)—CH(OII)—CO(OII), 
and slionld accordingly be monobasic. 

Ill.'isiwetz, on the other hand (Ann. Ch. PAf/rw. clviii. 25o), maintains tlial, it, is 
biljasic, find brings forward the following experiments in support of his view. AVIumi 
milk of lime is added to a moderately dilute lukewarm solution of monobasic calciuni 
glivconato Ca(C“li‘*0’)% as long as the lime di.‘<snlves quickly on agitation, ll;e liijyiil 
then liltercd, and the clear filtrate heated, the bibasic calcium salt Ca0"lji'®0’ (ilrlid 
at 120°) separates immediately, and at the boiling heat almost completely, as a wliiN^ 
indistinct ly crysbillino mud, which must he quickly tiltercd, washed and pressed. Tliis 
salt dissolves easily in .sal-ammoniac. The corresponding bfirium salt, JkiC"IT’®0' (:it 
120®) is j^recipit.ited in white flocks on mixing the solution of inonobiisic cnlcium 
gluconate with bar^^ta-waLor, and heating to tho boiling point. The bibasic calciiiiii 
and biirium salts of lactonic acid, aro obtfiiriod by similar processi's. 

Ivcgarding therefore gluconic acid as bibasic, Jllasiwetz suggests that glucose im<l 
gluconic aciij may be reprcseiiUal by tho following formulae: 

CH^~-Cir(0H)-C(01I) - C(0H)— Cl[(OII)-CH^ Glucose. 

o o 

C1I»— CUOIl — C(OU)— O— CXOn)~CII(OU)— CH». Glnconitf acid. 


Glucose being, according to this view, a simple polymeride of i3-lactic acid, 

CJl*— CH(OH)-C(OH), 

II 

O 

wiiirh, according to the experiments of Hoppe -Scyler, is formed from glucoso hy 
action of caustic soda. • • . f 

Piltig, however (yt/Z7#.. Ch. PAarwt. clix. Ill), still maintains tho monobiigicit} ^ 
gluconic and lactonic acid. He points out that, salicylic, paroxybcnzoic acid, i'* ' 
exhibit exactly similar reUition.s with lime and baryta, and that glycerin, 
glucose, caiie-sugur, &c., form with lime and free bases iji general, saline 

pounds, which are tleeomposetl by carbonic, acid, ami tliat consequently tho experiw - 

of Hlusiwetz do not afford any satisfactory proof of tho bibasicity of gluconic an< 
tonic acid. Both tiicse acids, when treated with carbonates, 
hydrogen for metal and therefore contain only ones hydroxyl group in combioatio . 
cxidised carbou ; in other words, they are monobasic. 

OSbVCOSII* See Suoaus. 

OXfVfMtBtBBB. 8chutiEcnI;ci.|'t>r (Cbw/>t. rend. Ixbc. 3u0) luis attemp^ 
ducc glucosidcs synthetically by means of tho iiccl.yl derivatives of the nr 

stidmm-saliffmm and acctyl-ylucoHe iire hested together in presence of 0® 
alcohol, thei’e is produced a snudl quantity of a substanco whidl 
ssvliretin on Imiling with diluted sulphuric acid ; tliis is obtained pure sful- 

to dryness, solutioii in water, pTwipiUitiou by lead acetate, and 
pluirettod hydi-ogeu and finally, by evaporation to dryness twvucifo, tnere 
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an amorplioiis ycllowisli hrittlo mnss, soluWn in water and alcohol. Tho ftro«'iter pjirt; 
„f the snljstanccs omployctl, liowover, roact dilli;roiitly, accto-salireti ii C"Il" 
(C-ll*0)0-(?), iind sodium glucato or gluci nato being farmed: tho former, which 
virltls wilirctin and sodium acetate ou saponilicatioii, is likcAvisc obtainable by tho 
action of acetic anhydride on ealirotiii. 

> Diaccto-mccJuirosG and sodiitm-saltyenin^ Iieated in an open vessel, together with 
•I).solnb: iilcoliol, also form a smjdl quantity of a gluctjsido whicli splits into glucose 
aiid salirctin ; tho greater portion of tho substiuices, however, is converted into aceto- 
salirctiu and the sodium salt of an acid C'-ir"0", very aimilar to glucinic or glucic 
:id'l (p. '5ot>)i which may ho tiOrmed saccharinie acid. This sodinni salt, 
separates in small white ciystals from boiling absolute alcohol j it is 
very .‘iolnhle in watf i', gives with basic Iciul acetate a procipibite soluble in excess of 
1 hi! acetate, and yielding the acid itself by decomposition w'iLli sulphuretted hydrogen; 
ihe acid forms a very sour syrup. 

The lead jn'eidpitalo obtained by treating saligniin with lead acetate also yields, 
when heated with an aqueous .solution of acetyl -ghicoso or -saccharose, a considerable 
ijuaiitity of a glucosido wdiich splits into salirctin and glucose on treatment with in cids; 
it is, however, uncrystallisahlc. 

Ithanimtin (obbiined by boiling rhamnegiii, its glucosido, with dilute sulphuric acid) 
illssolveil in canstic potash to saturation gives a precipitate with lead acetate; this 
I'm’ipihito Iieated in sealed tube.s to liO° with solution of dicctyl-mccliarosc, gives a 
viiloiii’less liquid containing ghicoso, and a yellow insoluble portion which is fi mixture 
(if vlianinctiii and th(! I oai I -compound of its glucosido ; this portion treated with sul- 
)pliiin'ttoil Itydrogon, after t horough wasliing, yields ;i dark yellow liquid, from which 
ail easily sol II hie ainorphoim dark yellow dye-stuff is obtaiiialde by evaporation ; this 
is pxlivinely like rhaimiegin in its properties, dye?* the same lints, and splits on boil- 
ij'g with acids into glucose ami rhamiictiTi, which is insoluble in ivator. 


GLVCOSO-PBOSPKOMC ACXZI, Cni'^PO'^ (Amato. Gnj^eita cUmica italiaua, 
i. af,).—T]iis aiiid was prepared from a strongly aeid rcsiduo wltich iSchifF obbiiued in 


. ^ 1 produced by the mutual action 

"f hydrochloric acid, pliosplioric acid, and glucose, resulting from the decomposition of 
liilii ia in pre.^ciicc of pljo.sphorus oxychloride— iras rendered slightly alkaline witJi 
.■'Oliiim carhimjitc, then evaporated to a syrup, and digested with alcohol, wiiicli partly 
dissolved it, leaving a residue of chloride and phosphate of sodium. On distilling off 
tho iilcoliii], evaporating tjio residue at a vei^’gcntlo heat, and treating it with absolute 
iih?nhol, tlioro remained a quant ity of sodium phosplmtc nearly free from chloride. On 
iiiTiiin distilling offlhc alcoliol and evaporating, a residue was obtained which dissolved 
completely in absolute alcohol ; and this substance, when freed from alcohol and 
wiiMiratcd umhir tlio air-pump, formed an extremely hygroscopic mass, W’liich became 
pasty on expo-suro to moist air, but wms very friable and easily pulverised when dry, 
lliis suhstauco is very soluble in watpr and alcohol, but insoluble in ether; it has 
:<lh)wish tinge when first obtained, but may be rctidcrcd perfectly white by boiling 
''itii iimniaj duircoal. It does not precipitate barium chloride or lead acetate, and 
ii;iy bo puntii'd from a small quantity of pliosplioric acid, adhering to it in the form 
' s-odium phosphate, by treating it with Icatl acetate, evaporating, dissolving the 
(ifVoT alcohol, evaporating off Ujo alcohol, and precipitating the excess 

with hydrogeii sulphide. 

Pilta solution docs not give the reaction of phosphoric acid with magnesium 



l)resonl‘'"'r Very plainly tlie reactions of phosplioric acid and of glucose, 

st.inco oxid’ ’^ phosphoric acid may also be demonstrated by incinerating ^e eub- 
and residue w ith nitric acid, and testing as aliove with a inagiiosium 

'jf tho i nations of the asli (sodium pyrophosphate) thus obtained, ai d 

it, show that Uie Bubslanco in question has the 
V ot disodic glucuso-phosphato:--- 
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A lead salt waa prepared by troatiuff the sodium salt with excess of dilute suIdIiu 
acid, digesting with alcohol to separate Iho acid sodium salt thereby produced ov 
rating off* the alcohol, neutralising with soiHuni carbonate, and finally with prccip/tflt!!*! 
oxide of lead, and evaporating tlie filtered solut ion. A crystalline salt was tllus ob 
tained having an alkaline reaction, and yielding by incineration 70- t p.c. asli 
witJi the formula - * ‘'groemg 

fClIO 
I CHOTl 
1 CITOII 

C«II>'0-Pb-^P0‘« - \ CHO XT,, 

ciPo.ro<^®\i>b + IPO. 

By treating sodium glucoso-phosphato with sulphuric acid, &c., in the samo injuimr 
ns above, excepting that the. last traces of acidity were not neutralised witli oxide of 
lead, a slightly acid crystalline lead salt was obtained, insoluble in ether, very 
ill water and in alcohol, and crystJillising from the latter in magnificent setaceoii.s 
needles, melting at 187°. This purified sailt yielded 5 1 -<3 p.c. ash, agreeing with t!iu 
formula C*'‘'IP“0*®PbP*0^. It may he supposed be formed from 2 mol of ghicuMj- 
phosphoric acid, w’hich, under the inilueiice of the lead salt, unite together, with 
elimination of 1 mol. water. Such a constitution is represented by the formula - 


1*0 

PO 


roc®ii‘*o- 

fo/ 

\O0«ll“O» 


la accordance witli this, it is found that the ash gives (he j’cactioiis of plujuliic 
uietaphosphate, whereas that of tluj former suit gives those of the pyropiuKspJiiiir. 

The last-described salt, heated to ir>0° in scaled tubes with t thyl iodide, was ron- 
A'crted into lead ])hosphate aiul another sub.stancc, probably identical with that vvliidi 
Berthelot obtaine<l by boating cane-sugar in scaled tubes with potash ami cth^l 
bromide {Jahicsb.f, Chem, 1860, dOO). 

GXiVTJUMCZC ACZ3I, C^JPKO*, is produced, together with aspirtic acid, by (he 
action of boiling dilute sulphuric acid on vegetable prote'ids (p. 110). xWconliiig In 
.Tllasiwetz a. Kaberniaiiii (C//m. Centr, 1872 , 060) it is also produce<l from aniiaiil 
3 iroteiils by treating llu.’sc with hydrochloric acid, uiid decomposing tius pnrhu'l 

with silver oxid(;. According to nicasurorneiit.s by vom Path, it ciystallises in rhuiiiliic 
tetrahedrons having the axes a\h \ c «=* 0*801 Id : 1 : 1*1788. Tho nght tetrahoJrou 
is usually ^irescnt alone, sometimes, how'evor, in combination with tho left. Its 
specific rotatory power is + 34*7° (Kitthaiiseii, J. 'pr. Chem. [2], v. 354). 

OXiVTilirZC ApZB, C^IPO', the hoinologuo of malic acid, which KiKh.-iuscn 
obtained by the action of nitrous acid on glutamic acid {\st SuppL 637), i» substmcc 
po.s.sessiiig very few characteristic propertio.s. It forms an indistinctly cryst'dUim 
mass, and its salts are amorphous. Tlie sja'ciiic rotatory jiowcr of tho acid is, iircoid- 
iug to Rit'dmiiscn, — 91d°. 

Dcoxygiiiianic acid, C*H®0*, is produced by heating glutauic acid with four tiiiit!< 
its weight of concentrated hydrioilic acid to 120° for about eight hours. It i»vcn' 
readily soluble in water, alcohol, and ether, and crystallises exceedingly well, formu'^: 
large, transparent inonoclinic crystals, melting at "about 97° and decomposing 
280° into water and the anhydride. 


Acid aniuioniuui dcoarpgluUiuate, | » is obtained, by evaporating » 

strongly am moniaciil solution of flic acid under an oxsiccator, in transparent conccnb'j 
iilly grouped crysfjils. Calcium deoxyglatanate, (PIPCaO^-fH'-O, is sparingly 
in water, and forms opaque laniium. liariuui dwxyglutanate, C^IPBaO* + y ' 
crystallises in small transparent needles, readily soluble in water. Jjead 
ylutmiatCj C®H•PbO^ is a white heavy prcc-ipitat4j, and tho silver salt, 
very bulky precipitate resembling alumina; it is but siniringly soluble 
and separates in the crystalline state on cooling. It may be obtained m 
needles by boiling a dilute solution of tho acid with silver carbonate; but the 
pirt of the salt remains buliiiid with tho oxce.ss of silvcT carbonate. ^ 
Dtioxyglutaiiic acid is isomeric W'eth pyrotartaric acid, from which it 
glutunic nciil is not identical with either of the three lioniomjilic acids deriveo 
uconitic acid, as these latter w'ould yield ] yrotartaric acid by veducticn. 
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0&TCA«&08AXiBn>lUWZli»B« compouna oLtaiiicd hy 

bi.iiiiig liclicin with ftuilino (sco Hkmcix). 

C&TCIUBXC ACXn* C®H“0®. Whcu this acid is treated with pliospliorus pcii- 
-hloritle, :md the resulting chloride is gradually decomposed by W'atcr, as by exposure 
tiri moist atmosphere, an acid is obtained, the lejul salt of which has nearly the coni- 
!ositioii of a h.isic salt of chloropropionic acid. On the other hand, wlien ijourod into 
iv iti’i*. h yi‘dd« mixture of two acids, one of which contains chlorine. 

'' when ]ii the preparsitioii of the chloride any notable rise of toniporaturo is 
lYuidcd, a pro<hmfc is obt'iincd, which gives a clear solution when poured into water, 
jjufc when gradually heated to 150“, the resulting compound gives witli ivater a white 
ihifk svnip. This syrup gradually assumes the eonsistonce of honey, and becomes 
truii^^pnrent. Tlxe Jioney-like body, decomposed by baiyti- water, yields barium niono- 
flilnroiactate. 

TIn) product oF the dccornposjtioii of the chloride by alcobol, submitted to frjc- 
liDii.il distillation, gives a colourless aromatic liquid, boiling between 185® and 
iyo°, Ijcsidos two other fractions having an oily consistence. The analysis of the 
]iiiiicipnl product, although giving very di.sconlaiit niiinbers, showoil that it was pro- 
l).i 1)1 V ethyl dicldoropropionato (Werigo a. Okulitseh, Amt. Ch. Phtirm. cxlvii. 41)). 

Ethyl Olf/tvra/c^ (>'*IP(C-TP)0* =- G'*.TI“O(0JI)*(0C"lP), is obtained by heating 
lomv’ntratrd glyceric acid with 3-1 vol. of alisolntc alcohol for some hours to 170®- 
It is a thick, sticky, colourless liquid, wdiicli boils at 230“-21()®, and has a 
l.iKir t:otc. On I nnting it with a mi.xtiiro of nitric and sulphuric acids, the compound 
VO®)- is obtained, as a heavy colourless oil (b. llciiry, J)rut. Cliv.m, 
(uK Ber. iv. 7tJl). 

OLTCESliri C-’H^(OII)®. 'rids liquid boils -without decomposition at 179’5® 
uikIvi'.-i pressure of 12-5 mm., and at 210® under a pressure of 50 mm. It absorbs 
I'l-oni the air varying quantities of water, up to 50® p. c. (lIola.s, Chem, JSoc.J, [2], 
ix. SI). 

AinihjHisof Co)}iiHcrchif Glf/ccrin , — Conuuurcial glycerin frequently contains glj'ceric 
(■rh.rs, volatile fatty acids, and other undetermined bodies, 'flie action of iiitro-.Mil- 
flmriciiciil on these impurities is to convert them into bodies which are soluble in 
’.viiti r. wliilc the glycerin is transformed into nitroglycerin, which is insoluble. The 
l itruglyciTin is washed, first witli a diluto solution of caustic .soda, afterwards with 
\oii(T, ;ni<l subsequently' dried in n water-bath. Before being dried it i.s mixed witli 
‘iwn hulk of -Wood-spirit, to assist, in the volatilisation of the w'ater present. From 
‘Jic w-ciglil, of iiilroglyccrin fouml. may be calculated the amount of pure glycerin pre- 
M Mt iinlm saniplt!, 100 grams of gly-corin chonjically pure, and concentrated at 120® 
-1)0^^ hi m-aa were found to yield li)0 gram.s of pure iiitroglyveriii : the theoretical 
yii Kl is 17. Careful attent ion to the strength of acid used, the temperaturo, and all 
"ilii r ilctails jn’t! nccc.ssai’V to ciisuro constant results (Chain])ioii a. Pellet, Soc. 

[2], xi.x. 494). 

Uhjtit'rbi us a Ao/atw/. — ^According to Klevcr {Chern. Ccnh\ 1872, 434) 100 parts 
■y wight of glyccrjii dis, solve at ordinary temperatures— 
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Ml uric cynnide. 
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Morphine acelnlo. 


PartH by 
weJffht 

G*70 . . ninchoninc sulphate. 

10 . . Cupric acetate. 

30 . . Cupric sulphate. 

7 ’50 . . Mercuric chloride. 

20 . . Morphine hydrochloride. 

0’20 . . Phosphorus. 

20 . . Ticad acetate. 

50 . . Potassium arsenate. 

3*o0 . . Pfitiissiiim chlorate. 

25 . . I'otassium bromwle. 

32 . . Potiissium cyanide. 

40 . . Potassium iodide. 

U'50 . . Quinine. 

0*25 . . Quinine tartrate. 

50 . . Sodium arsenate. 

8 . . Acid Roditini carbonate. 

CO . . Borax. 

98 . . Soilium carbonate. 

20 . . Sodium chlor.itc. 

0*10 . . Sulphux*. 
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Pavtis by 
wiiijrht 
0*25 . 

. Strych Iliac. 

Parts by 
welglit 

1 

. Veratriue. 

4 

. Strycliniiui nitralc. 

50 

. Zinc chloride. 

22'50 . 

. Strycliniiie sulpliaLe. 

40 

. Ziuc iodide. 

oO 

. Urea. 

35 

. Zinc sulphate 


Oxidatiim.—ln jn-rpni’iii;; {'I wiii'n- acid Ly o.xklising f;lyc«rin xviUi iiilrir aeitl 
cording to IkMlstijin's inclliod (ii. 870), (Ann. C/i. Vhurm. dii. 326) hjis oV 

t'uned, as further protliu-.ts of I lie oxidation, raceinic, formic, glycoilir, and oxalic !u i«]s 
TIio nitric acid of sp. gr. I'O and the glycerin having been loft to mix gTsulujillv i.inl 
t Iicn evaporated to a syrup over the waUjr-batli, the criido glyceric tick! tlicrdiy pr„. 
duced was gradually neutralised witli lead oxide?, and tlio precipitates ohtainoil I v 
pirtial precipitiititm were sejiaralely analysed. The first of these precipitates eofi- 
fci.sti;»l of oxalate, the later ones of racemate. The glycollic acid is found, tugeiln i- 
with a considerable- cpiaiitity of glycerin, in the mol lier-litjuor from which the glycintj 
of lead has crystallised oiiU IFeintz suppost s that the glyceric acid, CH-OU.OilOII. 
coon, which is the first pr<jduct of the oxidation of glycerin by nitric acid, tiikes iijt 
1 atom of oxygen, wdicrcby its miildlo term is removed as formic acid, w'hilc- the t^rj 
exterior terms unite to form glycollic acid. The hittin* is then successively oxiilisLill j 
glyoxylic and oxalic acids. 

'fho formalion of racemic acid, (.'‘ri'UV*, from glyecvln, which contains only 15 :it. 
•carbon, might be attributed to tlio simiiltauoous oxklatioii of glyceric and formic iiL-ivl, 
according to the cquotion - 

cjr-OM-c^j£«0‘-i-o = n-o + cvii«o«. 


The occurrence of formic acid among tho prodin ts of the oxidation of glycerin ly 
nitric acid was obsiii^^ed, iruleod, by Huppei't- (»yrt/(>v.s7y._/*. Chrm. 1863, 502), .iiid liiix 
boon confirmed by Heiiitz. The latter, liowevm*, did not succeed in jiroducing raci uiii' 
ncki by the direct action of nit ric acid on a mixtim? of glycerh' aiul formic' nc ills, or 
by oxidising glycollic acid with nitric acid, whereby racemic acid might possibly ti- 
formed, according to the equation, 2 C'*lPO^ ’hO — ]['() + 

Conv{r«io7i of Glycerbi into Acctmie. — The pro;luct obtained by tho action of bronilin: 
on dichlorhydrin consists, according to Cauins, of dichlorodibrqmacetone. by 
upon it with zinc and ilihit^j sulphuric acid, and heating from lime to time, not above 
40°, a slow reaction is set up, resulting in the formation of acetone and a bromint- 
*'.ompound (probably isopropyl bromide) not separable by distillation (0. Lange, Tk\.d. 
Chem. Ges, Ber» vi. 98). 


AKetallle Serlvativea ef Olyoerin. Sodium. - (flyvt'.vvn^ C’ll'XiMT = 

CTI»(OU)''(ONa) (E. A. Letts, *SV/r. J. [2], x. 450). When a fwgimiit oi 

Bodium is placed in glycerin, little or no action is observed; but on heating l-IiuTiiiv 
tiire, a rapid extricalion of hydrogen takes place, the sodium becomes red-hot, .'uuniii' 
glycerin decomposed and charred, evolving fumes of acrolein. If however tho 
bo diluted with mercury and then caused to act on glycerin, the. action procueuh 
more regularity, and finally gfxlium-glyccrin i.s obtained as a gummy mass. 
.'solidifies on cooling, and on addition of alcohol, crumbles down iutoii white erjs -i n 
powder. The same body may bo obtained by healing glycerin with dry soui 
alcohol: in this case, alcohol is set free, and a solid 'white substance rcnmins. 

But the best incthiKl of preparing tho compound, and one which i,',, 

quant ity, consists in dissolving sodium in alcohol and mlding glyconu. ' ■^^.(.,,.5 
change is observed, but in a few minutes minute crystals consisting o* 
are formed, and in a sliort time a white crust is produced on the sides ot I le ^ 

This crust is broken iqi. thrown on a filter, well '^vashcd with alcohol, a 
in a press between blotting paper. This must be dono as quickly as possi j 
body is exceedingly dcdiquesi'ciit. TIic desiccation is afterwards compic 01 
phuric aciil, hut not hi a vacnitm. ^ £ sixlin'"' 

The profluct obtained by cither of those processes is a . ,,f iliv 

glycerin with alcohol CJ»JBNaO» C-HW, whicli, when heated in a curren 
hydrogen, gives up its alcohol and letives pure sodiiim-glycoriu. 'fh the 

Sodium-glyccriu is a w'hito amorphous po-wder, attracting moisture "Wit 
avidity from the air ; by water it is constantly decomposed into glycerin 
of sodium. On heating it to 245°, it shows signs of fusion, but brotnn**^’ 

at tho same time. Bromine acts pOAverfully on it, giving small ^^ter is PF*^ 

derivatives. It is rcmai'kable that in this roaclion a large quantity 0 vith 

diiccd. Pentachloride of phosphorus, iifu?r a few moments' contact, a 
great cnorg>', producing so much heat ns to char the compound. 

The principal product of the decomposition of sodium-glycerin by U f 

ncrolcin. vharm> 

2. Glyceri^maiiffd'itotts acid^.—V. SchoUliiiidcr {AnUn Ch, f 
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1 , 1 ^ ulitiiiiif''! ro'iipouncls which lu! n-^nnls ;is tlio sotliiim ami stroiUiiiiu of 

■ M ctliiric ;ici(l ih-rivutl li’orii inan'^iujose dicixitio as acid, ami f^l^'Ocriu as alcoliol. Ti^ 
l!u* sodiuni-salt, a rjuantily ( = 4 parts of dry suhstaijoc) of li^'dral fd 
Ci^^lioxidc, rcciMitly proei pita tod fnuii manganous arotato hy diloriiic, is iiitrodiicod 
a boiling luixtiiro of 70 parts glyvorin, sp. gr. l-26» and 77 parts soda-ley, sj). gr. 
j-a8, ai'il tlio boilijig is continued for .some iiiiijiite.s. Tho niaiiganosc oxido is tlicrohy 
iiji'.iplctcly coiivorted into the conipoiiml above-mentioned, which sepuriitc.s, for tho 
most piO't in the form of a precipitate, appearing c-hfx?olatc-coloiired under tho viol<*t 
liiiitliei’- liquor, blit scarlot when removed, whilo tlie rest reniains dissolved. To free 
this precipitate — which is very susceptible of the .nctiou of air containing carljoiiii* 
;!i iil and of water- from tho dissolvcul products, it is introdiieed into a flask which can 
!,c closed, ami Avashed therein, first with spirit of 1)0 (vol.) p.c., tlien with highly 
reotitied spirit, finally w ith absolute ether, and dried at 100°. The product amounts 
t., 4 parts by Avcight. 

Tlu; conipotiml t hus obtained is a yclh)\vish-red mass, easily cruniblctl to a powder 
Avliidi iccls like laic. After drying at 100°-110° it loses nothing at 120°, but about 
of ils weight at 160°, becoming :it tlio s;imo time somewhat darker in colour. 
’\l 170 -ITo'’ it d('compost?s with evolution of empyreiimat ic siihstancc's. ’When set 
ik-i lire at oae ])iiint, it glimmers throughout its whole mass. IJy j'xposiirc lo the air, 
it i.s gr.'i'!ually eonvjTtcd into a blaek ii:i(;tiiou.s mass. This decomposiLioii is ueceler- 
iitcd i>y direct sunshine; light apjKiars also to exert a decomposing action, oven in 
ilic alisi iice of imjisiure. The salt dissolves in cold water lo a yellow-red liquid, w'hicli 
siMiii lucomes t.ui'hid, from .separation of manganese dioxide. Tho same change take.s 
iustiiiilly (Ml boding : I ho colourless filtrate contains soda and glycerin. From 
s'tiiie jqproxiiiialo determinations of glycerin, giving about 2C i).e. and from the 

iiuantilics of inangaiiese and soiliimi given by analysis, tho formula of tho cnnijuniml 
> iiil'ciTcd lo bo (C='Tl''')-Na*>rnO'’, It is iiisohil»lo in alcohol, ether, chloroform, and 
ctlivl inctate, sparingly .solublo in alccdirilic, easily in aqueous glycerin (1 l l vol.) 
Till! lalli-r sobitioii reiuains undecomiiosed for soriio hours at lo°. It forms dark- 
luloiircd prooipitiites', imniodiatcly w ith silver, lead, or mercurous nitrate, after some 
Jilin* with cupric .‘ ulpliato and morcniric chloride. Its reactions with dilute sulphuric 
mill, coin'cril rated nitric or hydrochloric, or phosphoric acid, aqueous oxalic acid, and 
:t iiu‘(uis siilidiurous acid, av(» very miicli what might ])c expected from a mLvinre of 
cIvcfTiii with MiiO- or 

Tlif irfi'ojifium .s^//, (C-‘JI^)^Sr]\rnIPO®, i.s obtained by dis.solvlng 12 part.s of crystal- 
Ibril slrmitiuin hydrate in loO parts glycerin of ,sp. gr. 1*20, Avitli aid of lieat, boiling 
t!ic solution with H parts of lovigateel hydrated maiiganosu dioxide, till the latter is 
ii'insfoi'mid, and Avashiiig tho product in a closed vessel, as described for tho sodiiiin- 
'■"iiipouiicl. It is a light ochro-yelloiv powder, appearing crystiillino under the micro- 
hi'ijic, find behaving with reagents liko tlio sodium -compound. 

Aticuipts lo prcpjiro'tlio potassium, barium and calcium salts of glyccri-ni.anganoiis 
»> iil liid iifjt succeed, tho iii:Lngaiic.so dioxidu <li.ssolving in tho corresponding liydriite.s 
hquid-s which did not yield any solid coiiixiounds. 

CliVCBllYl CB]L0X0VlTR08V]bPBATE, C“lPCl(NO®)(.SO<H). This is ii 
/ 1 liquid, insoinblo in water, obtiincd by treating glyceryl cldorosulph.'ite 

'viili luiiiing nitric acid, (jr by acting on epichlorhydriri with a uiixtiiro of nitric and 
‘‘ii i*limic fieids (L. .Tloiiry, JMfY. Chem. Ora, Jier, iv. 703). 

OBXBi:, or GETCSBYE BTBBB, = (C='H*)*0». 

iis body !H formed, together with acrolein, propionic aldeliyde, acetone, nllyl alcoliol. 
l T>*'”'tity of idienol, by heating glycerin with calcium chloride. The phenol 

are contained in the jiortion of tho product which boils between 
rj.] ‘‘ I 100°, and may bo sejiarated by caustic potash, Avhich dissolves tlic phenol. 

ether, which remains undissoh'od. is ii somewiiat thick colourles.s liquid, 
souii'i?*"" . ° Kpwiriniiit, boiling bctwcon 160® and 173®, and almost completely 
lilt ) parts of water. IIe.ated Avitli water for four hours to 160®, it is converted 

liitl ^ ^^’’'ding it gently with diluto hydrochloric or sulphuric ncid, or a. 

a strong odour of aldehyde is developed, anti tho distillate rodiicos 
ailvei’-Kolution. By heating it with a concentrated solution of potash, 
Uy h" ^’^-^sidos volatile acids: - 2H*0 = C«H®0 (Linnemann a. 

H V I*’ Snppfrment-band, viii. 254). 

mvn. ‘ Cfumi. Grs. Jier. iv. 919) hy subjecting the residue left after 

^i'pluT alcohol from glycerin and oxalic acid, to distillation at a 

‘^'^tillinfr 1 obtained a brown distillate, from which potash scjwratcd a liquid 

^®_9° and 280°, and yielding, after ropoatccl rectification, ii colourless 
niippin dipiid, boiling between 170° and 172°, having a sp. gr. of 1’0007 at 
boluiueof^-f” proportions w'ith alcohol and ether, and soluble in about its ow'n 
It agrees in composition and boiling-point witJh glyceryl ether, and 
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IS regarded 1>y v. Gogorfeldt as probably idontical therewith ; it appears, hovevor f 
ho much more soluble in water than the product obtained by liinnemann a i-on 
/otta. ' “ 

■ In some of its properties glyceryl ether resembles the monoallylin which Tollons 
obtained as a byo-protlnct in the preparation of allyl alcohol from glycerin fp. r»l)- 
and indeed Liiinomnn a. von /otta regard it as probably identical therewith;' But 

monoallylin has the composition l^oilsat 225°~240® 

Moreover, when distilled with water it yiehls allyl alcohol, together with a viscid 
residue, 'whereas glyceryl ether yields nothing but glycerin ; and finally bromine has no 
action on glyccriii-cther, ■whereas it unites 'u'itli allyliii, forming a ihioinido 
(Tollens). 

v. Gegcrfoldt suggests that glycoryl-othcr may bo represented by one of the follow- 
ing constitutional formulis: 

CIl=— 0-CHs CH=— 0— CH» 

i I ! I 

OH-O-Cir op OH. OH 

1 I I >0 I 

cu«— 0— OH'" CIl* GH'--^ 

fUT0nT3h4VUB01R0 AOSB*. 1. Glyoeryl-disulphonie acii, 
C’II‘0(S0*H)’ = — ^This acid is formed ns a potnssium salt by boiling 

dichlopliydrin fop H hour with neutral potassium sulphite ; 

C^HKn-’OH 4- 2K*S0» = 2KCI + C>H*0(.S0»K)®, 


(Schiiuffelon, Am, Ch, Pharm, cxlviii. ill); and, in liko manner, from epichlo^ 
hydrin : 

OTPCio + 2iaso* + n-’o «= icci + koii + c«h«o(so*k)* 

The potassium hydrate formed in this latter case exerts a further action on the cpichlor- 
hydriu (Pazschke, Zeitschr,/, Chcm.v,6lti), Thirdly, it is produced by heating soduira 
chloromcthylisethionate witli neutral sodium sulphite in a flask with reversed con* 
denser : 

C»H«NaClSO« + 2Na^S(V = NaCl + Na=SO» + C>H«0(S0»Nft)®. 

The sulphuric acid and excess of sulphurous acid are removed by baryta-water, and 
the glyce^l-disiilphonic acid is precifntated as barium salt bv mixing the eoncentrntcKl 
filtrato with barium chloride and leaving it to stand (Pazschke, ibid, vi. 512). 

Glyceryl -disulphonic acid separated from its lead salt by hydrogen sulphide formas 
a syrupy liquid which does not crystallise, even after longstanding over sulphuric acia. 
The potassium salt, C*H*0(S0*K)- + 2H*0, forms transparent colourless ciystAw. 
which (according to measurements by G. Werner) belong to the rhombic system, wtli 
the axial ratio 0*4 1 : 0*48 : 1, niid predominant octohodral faces, together “with tto 
perpendicular end-faco and the rhombic prism. The salt dissolves sparingW 
easily in warm water. On mixing its boiling solution with barium chloride, 
j/lpcerin'-distilphonaiei C*H“(OH)(SO*)*Ba, separates as a white anhydrous ciystainno 
powder. This salt dissolves slowly in water, and tlio solution, when left to evapoia , 
deposits a biliydrutod barium salt in white nodules which dissolve mow * 
water. The c^cium salt forms small hard crystals insoluble in alcohol. 


hard, very soluble crystals. The neutral lead salt, obtained by decomposing the 
salt with suipburic acid, and saturating With load carbonate, forms lam uanspi^ 
crystals, C*H*(OH)(SO*)*Pb + 2H*0, very soluble in water. Jf, 
the acid bo saturated -with load hydrate, an uncrystallisable basic lead salt is ootw 
having an alkaline reaction and easily soluble in water. ^ . i 

The silver salt, C*H*(On)(SO*Ag)*, forms white warty crystiils 
by light, easily soluble in anhydrous, slightly in aqueous Mcohol. The ceppn- 
forms light blue crystals ee.sily soluble in water (Sch£uffelen). . t-aibirri 

Gljicerffl’trisulphonic acid, C*H*(SO*H)*, is prepared by 
trichlorhydrin with potassium sulphite. On evaporating the fa 

potassium salt crystallises out mixed with potassium chloride, ^phoric 

bo separated by ciyitallisation. The solution must therefore be mixed of 

acid, and evaporate down ; the residue exhausted with aleohot, and “gS^oIing, 
the free acid saturated with barium carbonate after boiling with ^ 

baHum fflifceryb-irisidphotuite, [C*H‘(SO»)»l’‘Ba», sepawtes M 
powder, slijpshtly^ soluble in water. By leaving the solution to * 

salt: is obtained in more eoluble ciystals containing water pf 
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H^YCXDABIZVBf (Cittiis, Aim» CL Pfmnn. clxvlii. 29). — A base 

Tirndueofl. together with diainidohydrin (p. 319), by tlio action of alcoholic ammoiiiu 
fooiitiiining 1 p-f- NJl*) on diehlorhydriri. Tan hi/drockioride, C^H’NO.HCl, which is 
thfi direct product of the reaction, may be obtiiinod in crystals by precipitating the 
•ilcoliolic solution witli etJior; it is veiy h 3 -groscopic. 'Hui 2ifntmochhride, 2(C*H^NO. 
crystallises in transparent shining needles. 

Glycidaminc may ho ropresonted by the constitutional formula 


I 

CH 


0^" 


H*x-cn= 

I 

coir 

[!u- 


It is probably identical with Hertbelot a. He Luca’s ghiiferamhu^ which they obtained 
l.y a similar process, and rci>rcsonted by the formula CWNO*. 

OLYCOCBOXiZC ACZDi For tlio ]iroparation of tliis aeid, Gomp-Besanez 
(Ann. CL Phann. clvii. 280) rccuiuincuds tlio follo\ving process as easier and more 
productive than those givon by Streckor aii<l by Hoppc-iSc 3 ’ler. 

()x-gjill, fresh from the gall-bladder, is cvap>orniiHl nearly to dryness in the wabT- 
biitli, and tho residue is exhausted with alcohol of 90 p.c. TJic alcohol is evaporattnl 
or distilled (jff; tho residue, diliitwJ, if nocvfisnry, witli water, is treated with milk of 
limo and gisntly warmcil, wlicrcu])on tho greab-r part of tho colouring matter is carried 
down witli the Jinie; and the liquid is filtered and left to cool. 

Tlio filtrate, generally of a faint w'inc- 3 'ellow colour, is treated with dilute sulphuric 
iiciil, avoiding excess, till a permanent turbidity i.s produced. If it bo tlien loft at 
rr.st, tho whole .solidifies in a few hours to a mass of crystals of gl 3 *cocholic acid, whiidi 
is to ho (hrowii on a filter (I ho filtration being licst clfoctod by the uso of a water nir- 
jnirap), washed with cold water, nrid pressed, first between blotting-paper, and then 
ill u wooden scrow-press. The acid thus obtained, which is generally colourless. nm 3 ’ 
1)0 fuitlierpuritiod by dissolving it in a largo q^uantity of limo-water, and adding dilute 
sulpluiric acid till a pormanont turbidity is produced. Perfectly pure gl 3 '’cocholic acid 
iliun separates out in neoillos of dazzling whitcTiess. 

lloppe-Seyler loaves the alcoholic solution of Iho acid to evaporate spontancousl 3 % 
iiritl purifies the rijsiduo by rccr 3 'stalli.s:ition from alcohol. Gorup-Besanez, as well us 
i‘^trfcker, n(;ver obtained crystals in this way, but always a resinous mass. By liis 
own iiiGthoil it sometimes happens that several hours after a permanent turbidity has 
I'Otii pm luced by sulphuric acid in the filtrate from tho lime precipitate, a thickish 
oilyniaijs is found at tno bottom of the vessel, while tho liquid above becomes gruducally' 
After a few days or 'wooks, however, this mass Ix'coiuos converted into crystals 
iflycocholic acid. The conditions wdiicli determine this anomaly have not been 
mseovere-d. 


OZYcoOBir (ivuhnc, Lvhrhuch chr Phg&iohgischcii Chemie^ Leipzig, .1866). Gly'* 
best obtained pure by Briicke's method (Wirntr Acad. Perichte, ISH), whicli 
scpuralos all protcicls from it. A solution of imtassio-morc^iric iodide i.s pre- 
loreil by precipitating mercuric chloride with potassiuni'iodido, washing the precipitate 
of { . *’'.*^”'^***6 solution of potassium iodide with it. A wutery solution 

til ® mixed witli albuminous matters, is prepared in the ordinary ^vay by cut- 
iutft ? into pieces about tho size of a hazel-nut, and throwing them 

^vijul water for a couple of minutes, so as to destroy tho liver ferment, whicli 
!i convert tho glycogen into grapo-eugnr ; tho pieces are then bruised in 

I boiling water, and tho solution is filtered. As soon as Uio 

joiiiiU is treated alternately with hydrochloric acid and tlio potassio-mercuric 

five I agents produce any precipitate, and after standing for 

of 1 again filtered. Alcohol is then added until about 60 p.c. 

inoro III . 1 I present in the fluid : this throws down tho glycogen alone, but 

filter other bodies with it. The precipitate is collected on a 

thtn’trir r '^tli weak, then urith 90 p.c, alcohol, and finally with ether, and is 
now k” . obtained as a snow-white amor- 

Tlie OH! 1 “ **“Puro or not quite dry, it forms a semi-transparent brittle mass. 
^•^ 1 ; it IS solution of glycogen passes unchanged throngh animal char- 

*^f«ngth dextro-rotatory tlian solution of grape-sn^ oi the same 

ttiloiiP of potassium iodide containinff free iodine, it gives a de^ 

' ' removed by excess of glycogen; wo colour also disappears on 

S ncn eoQling. Strong solution of caustic potash clears away tiio 

-«r m\ solution of glycogen, but produces no other change in it ; 

utiQa thii 8 obtained dissolves cupric oxiae, forming a deep blue solution 
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which IS not rciluccd on boiling. Boiling with ililuto nitric acid turns glycogen int 
osiilic acid, but siinilar treatment with Bulplmric or hydrochloric acids convoru it into 
grape-sugar ; it is also turned into glucose by the action of saliva, pancreatic juico 
1>loud-8orun), and cold-water liver exteact, all of which act most rapidly at n teiiipei-i,’ 
turo of about 3d®. Tlie glucose is in each case prcccsded by a form of dextrin wliioll 
has nut yet been thorouglily oxtiiniiUKl. 

iSchtsJhcrbiikoii' {DcuL Chem. Ges, 1870) maintains that tho glycogen whieh 
ncciiinulatcs in tho liver of an aiiinuil fed on mixed diet is not a single body, but a 
mixture of four substances, which can be separated 1)y fractional precipitation uitii 
.alcohol and ctlier, and ditfor in their rotatory power and thoir reactions with iodino 
and co]>pcp oxide, lie calls them tho B, 6', and D forms. Tho last, tpciitoil 
with dilute sulplmric ncirl yields gliicoso ; C gives Z> and glucose; 2i gives C\iml 
glucose, and A gives B and glucose. Prom these decompositions ho concludes that 
tlio molecular formula of glycogen is at least 

The question as to the origin and functions of glycogen in tho organism is still far 
from settled ; it seems to bo present wlicrever aietivo growth is going on, being found 
in most of the tissues of the young foetus, but, curiously, not in the liver. Bamsto 
and Bernard {Compt. rend, 1871 and 1873) have both described its formation in 
tlic developing hen's egg, and sUto that it exists thero in tho fonii of granuhs 
much like those of vegetable sbirch. Glycogen W'ould also appear to have some loln- 
tion to the functional activity of tho contractile organs; it exists in the musclt's 
(M’Donnell, Limpricht, Weiss, Wun, Akitd, Her, 1871) in considerable quantity, 
and partially clisappear.s during muscular activity ; alteration of diet and starvation 
affect its quantity in the muscles much Liter than in the liver; it also exists in the 
white blood-corpusclcs as long as they exhibit their amoeboid movements, but is re- 
placed by sugar as soon ns tlio movements cease (Hoppo-Seyler, Med. C/ient. Untm. 
1871). There cun bo little doubt that tho glycogen formed in tlio liver is consLintly 
being converted into glucose during hfo, and carried off by the hepatic veins. TJio 
objections brought against this view are two : (1) the supposed absence of sugar in 
the perfectly fresh liver, and (2) the statement that as much sugar exists in the port.nl 
as in the hepatic blood. Wo know, however, that tho kidneys, which certainly excrete 
urea, hardly contain a trace of that subsbiiicc, a very small quantity only beinf* 
present in them at any one moment, and wo may expect to find the same true of tlio 
fiver: that the latter organ, even in its freshest state, contains some sugar, has been 
shown by Dalton {Trans, Kew YurJc Acad, of Med. 1871), who found tliat, though lio 
could detect no sugar by Fehling's ro.agent in such quantities as from 100 to 150 grains 
of fresh dog's liver, yet that if ho took 1,000 or 1,500 grains it could always bo found. 
Thero is great contradiction among observers as to whether the blood of tlie hepatic 
veins contains more sugar than tliat of the x>ortaI vein ; but probably one great cauiio 
of this error lies in tho neglect of tho precaution of ligaturing the portal vein close to 
the liver before taking tho blood from it for analysis. If this is not done, on luwount 
of the free communication of the two systems, much blood from the hepatic veins ia 
sure to flow back into the portal vein during the disturbance caused by the operation. 
When the portal vein is previously tied, most obsorvors agree in stating that hepatic 
blood contains much more glucose than portal blood, the latter indeed containing none 
at all in animals fed on a purely albuminous food. Though the liver itself contains a 
ferment capable of transforming glycogen into glucose, this change would appear to 
be chiefly effected by the ferment in the blood: for it is much hastened by increaseji 
blood-flow through tho organ, and it is probably chiefly tlius that operations whicn 
cause paralysis irf the vaso-motor nerves of tho organ bring about artifldal diabetes, 
more sugar passing then into tho blood tlian can bo used up by tho organism. EfP®”' 
ment has shown that tho introduction of grape-sugar into tho blood of a rabbit in tne 
proportion of 2 grama for each kilogram of the body-weight, will cause diabetes. 

That the glycogen of the liver is formed, or at any rate can he formed, in thirt orga 
itself, from materials containing no sugar or stareny matters, has long been kMW • 
but the nature of the chemical clmnges which are concerned in its prdduction M J 

Whether or no it is normally formed from proteid food-stufl^ it certainly i« ^ 

from such when animals are fed on them alone, so that thaidoa sngwsts itaeli ' 
these matters split up in the liver into a highly nitrogonised portion and glycogen, 
support of this view, several observers hrtvo stated that the liver contains 
in tno case of birds, uric acid (Meissner, Cyon), and have supposed these ^ 

in the main formed in that organ, and merely afterwards separated from ™ 
the kidneys. This apocB with the fact that in many diseases of the isrO) 

otrophy, urea almost aisaimears from tho urine. Cyon {Ce/UM. f. d. Msd, 
passed defribrinated blooia to and fro through the vessels of a fresh 
and found the quantity of urea much increased by its ^ssoge; sotns' 
ever, attaches V> his mode of determination of the quantity (rf ittea, and 
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[Stud. Ursprunffd. llarnsiojpi im TftkrJcorper) louud that, thoii^li the glycogen 
increases in quantity iu a liver cut out and left to itself, I he urea does not ; he therefore 
concludes tliat the formation of the two substances goes on indopendcntly, Gl 3 'cogoii 
is also abundantly formed in the livers of animals fed on stiii'chy and saccharine food. 
yVs much fat then accumulates in the liver, it has boon suggested that sugar may bo 
iliomjMJSffl in the organ, forming fats and glycogen. 

friacetyl-glycogen, heated to 150® with excess of iicetic anlij’drhle, swells up 
Mifliout dissolving, nnd the product, after washing with water, consists of white 
jiniorplioiis triacefcyl-glycogon, C“IP(0®11“0)*0^ insolublo in water, alcoliol, 
and acetic acid, and reconverted into glycogen by frvponificatioii (fc5chutzonberger 
ji Niiiulin, Deut. Cimu Gvs. ii. 163). 

II. N. M. 


GLTCOLf DZQBMXOXrAPBTBTBBlf ZC« See Naphthai.rne Compounds. 
OLTCOX^ TOXiTLBBZO* See ToLYr.KNK Compounds. 


GLTCO&LZC AOZDi C-1£^0^. This acid is formed, together with gl^'oxylic 
;iiid tiirtaric acids, by the action of sodiiim-amalgain on an alcoholic solution of ctli^d 

oxjiliilt’: - 

0-(C‘JP)-0^ + IF CniMf.O + C-II(C'IF)0» 

I'lthyl oxnliite. Ali'cfiol. Ethyl ply OYy late. 

0»H(C=IF)0» + IF = 0-IF(CnF)0=« 

Ethyl plyoxylatp. Ethyl RlycoUatc. 

The acid O-lPO', called ghjcoUUuc arid, said by' Friodliindor to bo produced in this 
I'ttiction, aj)pofirs to have no existence (Debus, C/iem. Sor. J. [2), x. 305). 

(ilycollic acid is also produced by the action of chlorine nnd w-nier at onlinary tem- 
jiiTJitnnjs on sorbin and lovuloso: C’'dr.'-’0'‘ + 0*=3C*lI^0’ (Hlnsiwitz a. Habennann, 
MfvA 1870, 8-10). 

Identify of GlycoUic Acid from Different Sources, — Tho experiments of Wurtz, 
Dwhscl, Kollo, and Kekul^ (ii. 010), h:i(l indicated tho probable oxi.stenco of two 
!'io(li(ieatio:is of the acid C-H^O’, one crystallisablo and non-deliquescont, the othm* 
Iiijiiiil at ordinary tianperatures, or at- ail ev(*nts very deliquescent; and Kolbc siig- 
ci'sicd tliiit theso acids might bo respectively — 


(cn*0H 
c Jo 
I on 

0.\yiicetlc ncld. 


fOCIF 
C . 0 
OH 

Mctbyl-curhonic nciil. 


To throw further light on tliia question, Fahlberg {J,pr. Chem^ [2], vii. 329) has 
prepared glycollic acid from tho mother-liquor of fulminating mercury, said by Clocz 
tf)bc syrupy nnd uncrystallisablo, and compared it with tlio acid obtained from other 
Nourees. The liquors wore treated succeB.sivo]y with sulphuretted hydrogen and mi'lk 
hme toromoyo mercury, oxalic acid, and glyoxylic acid, the latter being decomposed 
y boiling the liquid into glycollic and oxalic acids; carbonic acid gas was then passed 
iroiigh the liquid to precipitate tho excess of lime, and tho filtrato was evaporated to 
f Calcium glycollato then either separated in crystals or was tlirown down 
aadition of alcoliol, freed from acetate, formate, &c., by pi*essure, and purified by 
crystallisation. By decomposing this salt with oxalic acid, mixing tho filtered 
^ iition with load carbonate, decomposing tho resulting solution of lead glycollnte 
I sulphide, and evaporating the filtrate, glycollic acid is obtainetl in 

® SWups of needles; and by dissolving those crystals in other free from alcohol, 

‘ solution to evaporate in a vacuum, beautiful anhydrous laminae are 

h lined which molt at 80®, and are not at all deliquescent. If, however, too strong a 
„„ Jf in the evaporation, or if the ether used as a solvent contains alcohol, 

Collin obtained, tlie crystallisation Iwing provciitcd by the presence of gly- 
In acid) in the first case, and of ethyl glycollato in tho second. 

glycollic acid obtained from monochloracetic acid (ii. 909) whicJi, 
silver salt, is very deliquescent^ and when siqxarntod from 
quite uncrystalUsable, may be obtained in fine permanent 
iWft "‘1® tho calcium salt and teparnting it :is above described, 

‘‘‘voriil “lost probable that tho syrupy cr dcliquoscont ncid obtained by 

S* 'Collie^, impure, and that there is actually but one 

whatever source it may bo prepared, is acted upon in the same 
) yieMfflcAfonV/e, yielding at ordinal^" 'emprra»ures glycollic 
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chloride, C1I-OH.COC1, und at 120°, cliloraeotyl chlorido, CH*C1.C0C1 (Fahl 

The notion of hytlrtKdiloric acid on pure glycollic acid does not yield chloracet' 
ncid ; tlie acid obtained by Krkiilc si procesn from silver or potassium chlonicetat'f 
however, yields chlorivc(‘tic acid in this vriiy ; but Fahlberg tlnds that this is siinDl'' 
2 ^co%itaimd in the iinpuro glycollic acid employed. KekiilS's production of brom-^ 
oetic acid by llio action of hydrobromic acid on this impure glycollic acid is due to 
the reaction of the hydrobromic iicid on the chloracotic ncid actually present. Bv 
heating glycollic acid with nlcoliol siitnrated with hydrochloric acid to 160°, glycollic 
ether is forinod, but no cliloracctic acid. * ^ 

Metallic Glyvollates. — The calcium salt, C!i(C-lI*0“)=, crystallbses from eon- 
centratfld solution in hard, translucent crystals, the form of which resembles that of 
the diglycolljite. Fi-om dilute solution.s it .sejiarates in concentrically grouped needJps 
eontiiiniiig 2H-0, and soluble in 10 pts. wattir at 16°. 'I'he copper salt, Cu(C*J3’0*)= 
prepared by digesting tlio aqueous ncid with cupric oxide and evaporating, forms 
splendid blue ciystnls spiringly soluble in cold, moro solublo in hot xeaXcr. Tlio 
TIC^H’O®, propired by treating the cnrlionate with aqueous glycollic ncid 
crystallises in anhydrous long-pointed needles. The Zn(C=Il*0“)® + 2]Po! 

preparcfl in like, manner, 8epa^at.^^s, after sufficient concentration, in warty groiip,'« of 
needles, .soluble in 26 i^irts of cold water. The ntiutral and basic lead salts have the* 
properties described in vol. ii. p. Oil (Fahlljcrg). ^ 

EtJi-yl Gly collate^ C-11*.C=K“0“, is prepared: 1. By heating equivalent qnan- 
tilics of c.'ilciiiin glycoll;ito and potassium etbyl-sulphato to 170^ (Fahlborg). 2. Bv 
gradually adding a tfolutioii of sodium ethylate to monoohloracctic ncid, and heatnig 
the mi.xturc for some time in a vessel w'ith reversed condenser: 


ClPCl.COOH -I- NaOC=H* = + CfP0.1T.C00C-Il‘\ 

(L. Henry. JJeuf. Cham. Gts. Her. i\\ 7i)G.) When purified by fractional distillation 
it is colourles.s, boils at 150° anti has a sp. gr. of 1*033 (at what teniperntiire?) 
(Fahlberg) ; 0*0770 at 150° (Henry). It Is decomposed by water into alcohol aiul 
glycollic acid, and unites with calcium chloride, on which account anhydrous cupric 
sulphate must bo employed for its dehydration (Falilbcrg). 

co.cn=oii 

Olyoolllo Anbydriae, or Olirlycollio AolO* C4P0> *-0 , is formod 

CO.CIPOH 

by heating glycollic acid — in W'hich case, however, the gronter part of it suffers further 
decomposition, yielding tlio isomeric compounds, glycollido and dioxyraethylenc, C*n'"0- 
(ii. 012) ; — or lictter, by exposing tho acid to the vapours of sulphuric anhydride. After 
a few days the anhydride is obtained as a lustreless powder which may be purified 
from glycollic acid by washing with water. It is insoluble in alcohol, ether, and cold 
water; lioiling water reconverts it into glycollic acid and dis.solves it. It melts nt 
128®-! 30°, that is to say, at a tempemturo midway between tho melting pmnts of 
glycollic ncid (80°) and glycollido (180°). Tho presence of a small quantity of this 
compound provents, as already observed, the crystallisation of glycollic acid (Fohl- 
borg). 


a&TGOXi.vm»jr8. SooNituins. 
0&TCOXK.MaTHn.OVd 


•See Guanidinx. 

«T008AJ«TBXAjrzB^ C«H«NO«. A compound obtained by gently 
beating holiciii with anilino (see HtxiciN). 

^^TiSYMMMXXXXm To ])repHro this substance from its aqueous inftaaiOT, J- 
Hirsch (PAam. J. Trans. [.3], i. 749) adds acetic acid, evaporates to drjrncw**®***^^ 
tho^ residue in alcohol, and treats tho solution with sodium carbonate, 


alcohol, and treats tho soLutaon with sodium carbonate, " A . 
sodium acetate ciystallises out, while glycyrrhizin remains in solution. Ano 
method is. to heat tho alcoholic infusion of the root to boiling, filter, 
to dryness, redissolve in alcohol, and .again ovnporate: tho residue is 00007 5^87 
cyrrhizin. 

•BiTPXAa, C«H*0». H. sdliff (<?«««« 
condensation-product of this compound by tho following prQCett:-*^ 

Wlien hydrochloric acid gas is passed for some time 
in five or six times its volume of strong .acetic acid, and tti 
closed vessel to a moderate heat, as ly placing it near a lighten, stove 
lino Bttbstauco separates in the course of the next day, on th6 sitoi 
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; the vliolo of tlio liquid. T3y pumpin'^ out tlio liquid, washiup: tlio rusidno 

drying it, a very white, uiicrocrystnUine pow'dor is ohtnined. which, 
nWomeratcd in lumiMJ, is very much like iwtjito-stjirch, crunches between tho 
cers swells up in acetic acid, and, like starch, exhibits tlio greatest indifference to 

SmmiJs and other ^ . . . 

This substance is free from cjilorino ; after washing with water and drying, it gives 
1)V iiiiiilvt^is -Ill'S P <'- carbon and 3*6 hydrogen, agreeing with the formula, 0'®1I“0^“, 
vhii-li is tlint of hydro-Iicxglyoxal, formed by the condensation of 6 molecules of 
glvoxid, with addition of 1 molecule water : 

6C»H=0- + H“0 *= 


Hvtlro-hexglyoxal is insoluble in water, etlior, benzene, peferolciirn, chloroform, and 
sparingly soluble in boiling alcohol, rjither more soluble in concentrated 
■lidie, sulphuric, and nitric acid ; und is precipitated unaltered on addition of water. 

witii sulphuric acid, it gives off carbon monoxide, w'ithout a trace of acetic 
;iiul- neither does it 3 rield acetic ether when lieated with sulphuric acid and alcohol ; 
it tlieruforo does not contain any acetic residue. A further proof of this is afforded by 
tlif* fiict thni. it may bo formed, though more slowl}*, by jiassing hydrochloric acid gas 
tlinaipli a solution of glyoxalic ether. By prolonged boiling with w'ater it acquires an 
jiritl voriction, and dissolves in the form of glycollic, and perhaps also of gl^'oxalicaeiil. 
The SI mo Iransfornnition is iiroduced ranch more rapidly by caustic alkalis, oven in 
verv ililiito solution, and likewi.se by inugiiosi:i. No acetate is produced in either case. 

JlvJro-liexglyoxal, as already observetl, is a very stable siibatance, and in particnlnr 
(liH's not cxliLhit any aldoliydic reaction, licneo it. cannot be siipx>o«ed to contain the 
u'lMnp, -Cilib To explfiiii its stabilitj’, we must suppose that the aldehydic groups in 
lilyiiMil have imdergorie a change of structure*, the? oxygen- as well as tho carbon-atoms 
liaving bccoiiio united together, e.g ^ : — 

I 

K-CrrO * If— C O 

I ( I 

ll-CmO H-C— O 

Clyoxnl. Tlic Ff.me, altered in btructim;. 

Several of these groups may bo supposed to unite together by virtue of tlioir free 
airmities, the moleeulo of water nt tho same time serving to satisfy tho tvi'O units of 
atftnity whicli remain free, whatever may be the number of the aldehydic groups tlius 
t 'liitirpicil. In I his maimer conipound.‘i may be formed, represented by the formulic: — 


II < 
n_c_o 


&c. 



fhe first of these formulse contains only one hydroxyl, whercA.s tho second contains 
two. Now wlien liydro-hexaglyoxiil is boiled with excess of acetic anhydride, it partly 
‘lissolvcs, and tho solution depo.sits, partly on cooling, further, on addition of water, a 
powder, which gives off acetic ether when heated witli sulphuric acid and 
■ilcohol acetic acid when boiled with sulphuric acid alone ; yields an alkaline acotate 
^l®d with clilulo alkali ; and gives by analysis (moan) 41 ‘20 p.o. ctirbon and 
' 0 hydrogen, agreeing very nearly with tho formula, C**II**(C®H*0)0** : it is, tliero- 
wo mono-acoto-hydro-hoxglyoxal. Prolonged boiling with acotic anhydride 
»« not produce any derivative containing a larger proportion of carbon, 
iiut bensoio derivative^ C'*H**(C'H*0)0'*, is formed by digesting hydro- 

J? yoxfil with benzoyl chloride. 

. show that liydro-hexglyoxal contains only one atom of :hy 


retll' VI uiaii iijri ^ 

Att radicles : it may thewfore be regarded as a mono-acid alcoliol. 

^’ydrogon upon it by the action of sodium-amalgam and of sine and 
’uit unsuccessful ; concentrated liydriodic acts upon it, but the pro- 

1 tno reaction JinnAni* f ^ 


jr . ^‘*-'>ction appear to be very complicated, 

or hr,rglgcolUc anhydride 


IT 


6C=H*0» « filPO « (CO— CIP-0)«, 


OH 


^ isomeric with liydro-hoxglyoxal, but it has not yet been obtained, 
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OOTBin, Clirysoberyl, gotliite, nmnganite nucl diaspopo form an isomoppltous 
group (rhombic) represented by Uio general formula in -which, for chryso. 

beryl, M = G. Fo ; B = Al, Cr, ^7lulo the others contain Il» instead of M" Parallel 
-with this rhombic group, and represented by the same iormula, is the spinel group in 
the regular system (Kaysur, Jahrcsb,f. Cfteni, 1870, 1281). 

OO&B. Analyses of native gold from various localities in the British Isles are 
given by D. Forbes (Phil. Mag. [4], xxxiv. 331 ; xxxviii. 321) : 

A, from the Clogan quartz-vein Iffo. 2, in AVales ; B, wash-gold from the Mawddach 
river near Gwyn-fynydd. C, from St. Austell Moor, Cornwall. I), wash-gold from 
AVicklow in Ireland. E, a and 6, from the Kildonau Valley, Sutherlandshiro 


A 

U 

C 

1 ) 




E 


\a 


All 

Ag 

Cii Fft 

SiO^ 

Total 

Sp. IfT. 

90*16 

9-26 

trace 

0-32 

99*74 

17-26 

89*93 

9-24 

— truce 

074 

99*81 

15*62 

84-89 

13*99 

— 0-34 

0-43 

99-65 

15*79 

90*12 

9*05 

— 

0*83 

100-00 

16-52 

91*01 

8-85 

— 

0*14 

100*00 

14-34-16-07 

81*11 

18-45 


0*44 

100-00 ( 

15-799 

81-27 

18-47 

— 

0‘36 

100-00 5 


The analyse.*! A ngrco with the formula Au‘Ag. The romarkjibly low specific gravity 
of the gold from Wicklow (D) is duo to tbo porosity of the specimens examined. 

All these native golds arc found in granite and in the copper pyrites, galena, aiul 
silver fahl-ore contained in it. Tlio ores of the Poltiinore mines in Devonshire, wliidi 
contain gold to the nniount of 30 to GO grnins per ton, appear also to bo products of 
the oxidation of metallic siilpliid«‘8, espt^cially iron sulphide. 

Gold from Venezuela w^as found by Williams {Chem. AVM^s, xxi. 84) to contain 


All Af? Fc Cn 

93-68 3-69 1*60 0-66 = 99o3. 


Specimens of gold from Vancouver Isknd and West Africa have been described and 
anrtlyHoil by F. Wibol {Jahrhuchf. Mineralogie, 1873, 244), The specimen from Van- 
ccjuver Island is a crystal about 7 mm. long, weighing 267 grams and having the form 
of a rhombic dodecahedron (oo O) prismatically elongated in the direction of one of its 
axes, ns in a specimen from the Ural described by G- Bose. Sp. gr. 18*6 at 22 . Its 


analysis gave — 


Gold. 

91*86 


Silver. Copper. Iron. 

6*63 1-UO 0*51 « 100. 


No mercury, lead, or other metals were found in it. m? n in 

The specimcn.s from West Africa, analysed by K. Wibel, consistwl— a. Of goiu 
grains ; b. Of gold-dust ; c. Of gold obtained by washing from a flesh-coloured ciiiy 
in tlio neighbourhood of Elininn ; — 


Gold 

Silver 

Copper 


89*40 87-91 
10*07 11-40 
0*53 0-69 


97-23 96-40 92*03 

277 3-60 6*82 

— — 216 


97^81 

219 


100*00 100-00 10000 10000 100*00 100-00 
Sp. gr. . . 14-63 16-20 ^ 

Other specimens of West African gold, containing 4*16 and 25 p.c. *?^5*^** 
variable quantities of zinc, tin, and lead, were found to bo adulterated wli owsb- ^ 
B. Brough Smith (5*7/. Ani. J. xlix. 263) pves a description of the GoW J 
Victoria in Australia, in which ho maintains, in opposition tp Murcjnson* ‘ 
richness in gold of tho quartz-veins, us well us their thickness, increas 
their depth below tlie surface. ' ^ 

JSatractipn . — Bivot {Ann, Min, [6], viii. 1), describes tlie oamrrenco w 
silver ores in California, and the mode of working them for the extrj^^ 
metals. Tho gold occurs partly in quartz-veins, partly nsjocia^ vitn q ^ 
pyrites. In the former, the whole of tho gold is metalho ; the it * 

up tho whole of their gold to tho amalgamation process — a preof th^t part ^ 
state of combination. 

Tho silver ores, occurring in beds of slate, quartz, and 
contain tho silver in combination with sulphur, with aizenie ah** 
antimony and sulphur, and are accompanied by varying quapUt^ Z 

iron pyrites, arsenical pyrites, bournouite, falilorc, grey antiraony PW, ^ 
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Tho pi'ocet^ses employed at the present time in America ibr tlio extraction of gold 
I silver from mineral reins are: (1) Amalgamation in heaps; (2) amalgamation at 
ion® C. in t^opper pans; (3) direct' amalgamation in pans by the aid of water, a 
V 'csB* which is inoxpensire, as it can he ei&cted without material loss of mercury, 
I'arwhich does not yield so mucli gold and silver ; and (1) amalgamation, preceded 
l!v tho roasting of refractory ores Avith common salt. Tho yield of gold and silver from 
.vritii-al oits docs not exceed 65 p. c. of tho assay, which in itself is open to lossi^s. 
^Vvoi’Jiiig to many syntliotical experiments, tho loss is greater in assays of richer than 
of ptjor ores, amounting always to more than 30 p.c., and Avitli fahloro and ores coii- 
tiiiilin" arsenical pyrites to more than 50 p.c. The loss incnri*od wlic.n working on a 
largo «:iilo is less than in laboratory assays. The difference betAveen tho yiohl on tho 
lijwo scale and the porcojibige indicated by tlie assay may exceed 30 p.c. oA’on when the 
niotallargiciil method is (luito iieifoct ; but as tho American methods are far from per- 
•oct, the difference is still greater. 

A noAV pnx'-css, devised by lliA^)t, has been worked in California with good results, 
and is said to bo applicable to orf’s of every kind, giving at a small cost nearly tho 
whole of the metal. It consists in roasting the ores with superheated steam before 
iiinalgaination. • Tlio action is soiiiowdiat sluggish in tho case of pyrites and pyritifer- 
iiiis ores, but may be accclenited by addition of oxidising agents such as ferric oxides, 
roasted pyrites and black oxide of manganese. 

The scA'OPiil stages of tho pi-ocoss on tlie large scale are as folloAVs : — 

]. Koasting of the pyrites in heaps, or in rcA-erberatory furnaces, in such a manner 
aij to almost completely oxidise the metallic sulphides, and reduce the formation of 
sulphates to a minimum. 

% Pulverising and mixing of tho misted pyrites with tho ores. 

,3. Roasting of tho mixed mass with superheated steam in a rcA'olving furnace, with 
rxcLusioii of air. 

4. Amalgamation in A'ortical mills, which arc capable of a great out-turn, and of 
Morking wet or dry us may bo desired, divide tho mercury avoU, and effect a more 
ti|K;o(ly and complete amalgamation, OAving to the pressure of tho millstones, 
il. Soparalion of tho mercury from tho residues. 

0. iSqueezing of tho mercury through coiirse linen bags, or wooden cylinders. • 

7. Instillation of die amalgam in cast-iron tubes proAnded wdth receivers cooled by 

llMtO]*. 

8. Smelting of the metals recovered by amalgamation in blacklead crucibles, and 
ciuting in iron moulds. 

Ill the case of silver chloride and copper pyrites, the process lias to be modified by 
the addition of iron pyrites. The scA'eral stages are then : 

1. Mixing of tlio ores with iron pyrites, a siiiall quantity sufiBcing for tho chloriferoiis 

nns, M'lieroas copper pyrites requires to be mixed with an equal Aveight of iron pyrites. 

2. Rffiisting tho inixturo at a low red heat W'ith superheated steam as long as sulphur- 
utlid hydrogen continues to escape. 3. Amalgamation of the roasted ores, with addition 
of wjitiT. *1. Separation of the amalgam, expression and distillation of tlio mercury, 
hisLon of the noble mcUils, &c. 5. Working of dio ore, after troal mont with mercury, 

luv oippcr in tho usiuil way. 

W. Skey (6V/CW. News, xxii. 282) has observed that grains of gold often resist the 
anuilgsimating action of mercury, in con.sequGnco of the gold becoming united on the 
siirfiico Avith sulphur. Direct experiments showed that gold immersed in moist 
liydiogen Hiilphido or in a solution of ammonium sulphide, becomes converted on 
1 10 surface into gold sulphide without any alteration in the colour of tho metal. In 
working of auriferous saud, tlic hydrogen sulphide which produces this change 
nifjy bo produced by tho action of ferrous sulphate on various metallic sulphides. The 
gout thus altered may be rendered capable of amalgamation with mercury by ignition, 
p^pticially if it does not contain any considerable quantity of copper (more than 7 p. c.). 
eu may also be freed from its layer of sulphido by treatment with potassium 
chromic acid, nitric acid, or an acid solution of calcium chloride. 

TossiS du Motliay for cxtnicting gold and silver from arsenio- 
128\” ” <lescribed by G. Widomann {Ch^ical News, xxxiii. 

1 Ti ^ features; — 

®Mdation roasted with silicates, litharge being added to complete tho 

fusible scoria thus obtained is run on to a bath of molten lead, with 
mixed by mechanical moans. The molten lead is said to dis- 
p *5 ■'''nolo of the gold and sih’er. The scoria is tlien remoA-cd, and fresh 
silicates are added until the lend becomes sufficiently rich for 
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3. The BilicoouH scoria is reduced by charcoal and iron, and an alloy of lead and 
antimony obtained. ^ ^ 

'i. This alloy is freed from antimony by acting on it at a high teinperatnro -with 
steam, which oxidises tlic antimony. The lead is freed from all traces of antimony by 
means of a small quantity of lead sulphate. 

Should tho alloy contiiin copper instead of antimony, load sulphide is added, nnil 
the resulting scoria of copper sulphide is removed. The pure lend thus obtained is 
either sold or used in the treatment of fresh ore. 

Iicditctio7i of Gold, — Daintreo first observed that when gold is introduced into a 
solution of auric chloride and tho latter is reduced by organic substances, all the pre- 
cipitated gold is deposited on the immersed metal. C. Wilkinson afterwards found 
that gold is precipitated under similar circumstances on tho sulphides of copper, iron, 
arsenic, lc«ad, zinc, molybdenum, and tungsten. According to Skey {Chem. JCVeics, xxiii! 
232) this latter result is due to the fiict that all the sulpliides iibove-montioncd, when 
immersed in a solution of gold, become covered with a thin film of gold and then act 
like an immersed bar of the metal. XTo finds also that this reduction may bo cflfectcd 
by tho sulphides of tin, mercury, bismuth, platinum, and gold. Instead of auric 
chloride, a solution of auric oxide in potash, sodium bimirbonato, or an ulkaline 
silicate may be used. A solution of auric oxide in ammonia is not reduced below 200° 1'. 
A solution of gold sulpliido remains unattacked under aill circumstances. 

Spongt/ Gold.-- Gold may bo precipitated in the spongy state by saturating a cold 
10 p.c. solution of auric chloride w'ith potassium bicarbonate, then adding 1 mol. bi- 
carbonate and 5 mol. oxalic acid, and boiling (Prut, Diitgl. pol. J. exevi. 683). 

Detection and Estimation of Gold. — In substances containing very small quantities 
iif gold, tho detection and estimation of tho metal may bo effected by moans of tincture 
of iodine or bromiiie-watcr. Tho substance under examination is brought in contiu-t 
with an equal volume of either of those reagents, and after some time filtering paper is 
soaked with tho clear suporiiatunt liquid. This psiper when dried and burnt, leaviw, 
if gold is present, Ji red ash. Tins process is pirticularly well adapted to tho separa- 
tion of gold from sulphides, inasmuch as these compounds are rendered so porous by 
the previous roasting that tho solvent easily takes up the whole of the gold, while only 
very small quantities of either substance pass into solution (W. »Skoy, Chew, Aww, 
xxii. 246). 

Detection of Gold in iSSfla- IFir/cr (Soiistadt, Cliem. Neuw^ xxvi.’loO).— Experinjouts 
mado on specinieiis of sea-water collwted at various times at Ramsey Bay, Iwo ot 
Man, prove that gold exists therein, but as tho quantity is certainly less than ono 
grain in a ton, it is too small to admit of separation, or even^dotection, by the ^ual 
tests. Resides the difficulty of detection ari.sing from tho small quantity of pre- 
sent, there is another difficulty of a grsiA’er kind, due to a continuous redissolutioii ol 
tho gold after it has been separated in tho metallic state.^ This redissolution is owing 
to the separation of iodine under the influence of reducing agents wp^ ^ -i f!I 
calcium, which Sonstodt has previously shown to exist in sea-water. Even “ 
duciiig agent is added in largo excess, oxidation takes place so rapidly . 

tiiuious reproducing power of calcium iodato, that, sooner or later, according 
excess of reducing agent added, the stage arrives at which the iodine is set iree, 
tho suspended golil is redissolved. ■ ^ 

Of three entirely diflTeront methods employed, tho following is ono wjicn may 
performed upon so small a quantity of sea-water as 160 to 200 c. c. Two 
decigrams of pure ferrous sulphate are dissolved in tho water, which is Miauia 
two or tlircL* drops of hydrochloric acid. The solution is heated in a dean mk 
glazed porcelain dish, over a small flame, so managed that the flame nuiy 
under part of tho dish without causing cbnllitioii. Under these ciren m i w nc .|y 
.trous film of ferric oxide forms in the dish, commencingf from the 
heated by tho flame. The heat is continued without boiling, until 
evnixiratcd to about half, or so long as the film increases in ,.S anti 

liquid is'thcn [Kniretl off, tho strongly adherent film is rinsed with ft bttl® g- iiour 

then about 60 c. c. of strong chlorine-water is allowed to stand in tliC ^ 

or two, after which it is slowly evaporated down (over ihofllin) to ft 
of dilute hydrochloric acid being added towards the end of 
liquid, which should be nearly colourless, is then poured into ft It ;tak«3 

a few drops of solution of stannous chloride, when, after ft fay of 

a bluish or purplish tint, whicli may bo exactly matehed itt 

suitably diluted solution of gold added to n corresponding 
another glass. The foraiation of the film depends upon the iiW 
state of oxidation, and it is best, after adding the 
chloric acid to tho sea-water, to leave it exposed to tho air for ft r 
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'ne the ^ obtain the film. The chlorine-eolution of the sca-water films may ho 
lined up ill porcelain criiciblo witli precipitated lend, and gold heads obtaiiiou hy 
■upellation, after fusing the lead into a button with borax ; hut for tliis experiment afe 
List lialf a litre of sea-wator should bo taken, and oven then the bead obtained is too 
Miisill to bo weighed. Similar experiments in the same vessels, and with the same rt- 
r'euts, upon simple water, and on water containing chloride of sodium and alkalino 
fciiiplwtcs, never yielded tho slightest coloration with stinnous chloride. 

Setiaration of Gold from Copper.-^Tho solution of the two metals in aqua regia is 
L'Vfiporated to ilryness, the residue dissolved in water, tho solution mixed, with oxalic 
aci«l, tlioa after standing for 48 hours, heated to the boiling point and neutraliseil by 
I'li.iii'tie pobish added at short intervals. Tho potissium oxalate thus formed unites 
with the copper oxalatt*, forming a soluble double salt, and tho gold in it is left in the 
pure state. Gold precipitiited by oxalic acid fiwn an acid solution containing copper 
IS always coiitamiiiuteu with cupric oxalate (E. Purgotti, Zeitsekr. anal, Clmn, ix. 
127). 

lif\iafaiion of Gold from Silver Chloride. — Tho silver chloride formed in tho purifi- 
cation of argentiferous gold hy means of chlorine gas. contains an apprcciablo nmoiint 
(it gohl, to such an extent indeed, that tho .«iilvcr hiillion obtained by tho reduction of 
tho chloride often conbiin as much as 18 p. c, of gold. Tho processes generally 
mloptcrl for the removal of this gold do not give siitisfaetoiy results, but tho separation 
may be advantagiiously cifccted as follows. The fused chloride is covered with a 
hiycrof borax, ono-eighth to oiic-qiiartcr inch in thickness, and sodium carhonato is 
gradmilly added on the top of this layer, in quantity varying from 16 to 20 oz. per 
230 oz. of .‘silver chloride operated on. The chloride is not stirred, but tlio metallic 
?olil is allowed to subside to the bottom of tlio rcceptiiclo. 20 oz. of .soda will gene- 
rally produce !i gold button weighing about 35 oz., assaying from 870 to 880, while 
I lie silver bullion subsequently obtained will contain 2 to 6 parts of gold in 10,000 
parts. A second treatment with a, much smaller quantity of soda renders the silver 
pcrfivlly free from gold (Lcibius, Cltcui, yews, xxvii. 128). 

Oold Monochlorldei or Aurous cmeiide, AuCl. The directions usually given 
for tho preparation of tliis compound, and tho descriptions of its properties nro somc- 
wh:it(li«eoi*danL According to Leuchs {J, pr. Chem. [2], vi. loG) these discrepancies 
jin.so from doconi position taking place during the preptiration. lie finds that whmi 
trioliloL’idc of gold is lumtod, tho evolution of chlorine <locs not cense us soon ns the 
whole of tho trichloride is converted into monochloridc, as commonly stated, but may 
SD on till the gold is completely reduced to tho metallic state. This result he at, tributes 
t') tlio action of moisture in the air, which, being absorbed by tho hygnwcopic t ri- 
liilorirlo, decomposes some of the monochloride already formed into metallic gold nnd 
trii'liloride, the moisture again acting upon fresh portions of monochloridn, and so on. 
To ]>roveiit tin's decomposition ho adopts tho following pi’occss. • Trichlorido of gold is 
hcatdcl to 200°- 300'’ oil u sand-bath, care being taken to crush all lumps, and to bring 
fresh porliiiiis of tho material coiistJintly in cout.act with tho basin by trituration with 
»i pestle. The evolution of chlorine is very rapid; tho liquefied rod chloride b(.>comos 
iirst brownish -red, then dirty brown, yellowdsh-hrown and dry, afterwards gi'ccnish, 
‘iiiu ultimiitcly pure yellow. When tho mass acquires a groenisli colour, tho tempera- 
tiro IS IjavtTed gradually to 180°. The evolution of chlorine .still continues, and tho 
oiwl of the oporation can bo judged of only by tho changes of colour. As soon ns tho 
lewder appears of a pure full yellow, it is removed from the sand-bath, triturated till 
chloriuo, and at once transferred to closed glass vessels. Tho pro- 
\ *** P'V'® ycllo'wish-wliito. 

fon in composition between the mono* and tri-clilorido, is 

I’y spongy gold with a solution of niiric chloride, or by heating aurous 

■>iwo»-icfhlorul„a together (l?rot, Ut Saj^il. 063). 

‘'•Utoiis iwlidc, prepured with aqueous hyilriodic acid, dissolros in 
hear I sfttnrated with iodine, and the solution, when evaporated at a gentle 
W crystals of auric iodide, AuP (Prut, Compt, 

y treated with a quantity of aqua regia not sufficient to 
^■ith Miob 'containing excess of hydrochloric acid, and the solution is saturated 
of potassium bicarbon.ato tliat the precipitate rcdissolves, an 
V is obtained which begins to show turbidity at deposits at 

*®iitaininfr « hydrate, and at 66®-96° a dark olive-green hydrate, tho former 

the latter 7’74 p.c. oxygen, answering to the composition AuW Tliis 
coiiverif*/i ^6 water of hydration on exposure to the air, und 

into a ucarly black, hard, hwvy mass, having » conchoi’dal sliiinng 
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fracture. It is not altered by light, gives ofFiUi oxygon at about 250^, dissolves ve 
easily in hydraoids, and forms a dark -green solution witli cold hydrochloric acid / 
also unites, especially when heated with oxygon-acids; hydrofluoric aciil combines 
it, but does not dissolve it. When a suliition of gold in excess of jiqua regia in whip/ 
tho nitric acid prodominaTcs is stiporsatimitcd with potassium bicarbonate and heatw/ 
an oxide is obtjiincd, orangc-colourcd when freshly precipitated, (x;hre-colourod after 
waslnng and drying, and containing Id pc. oxygen, which answers to the lurmala 
And-, It is not altered by light, but gives up its oxygen, with sparkling, when hoalDl 
to about 200° (Prat, loc. cit.). 


Ozy^salts. Aitrous Sulphate {!) Wlion spongy gold is heated with a mixture of 
sulphuric and iodic acids (3II-SO* ; 2IIIO®) till the mixture has ticqiiired a dark orange- 
colour, which takes place .'it 300®, the whole of the gold is oxidised, and the product, 
when dissolved in fuming nitric acid, gives, on dilution with water and heating, a 
copious brown precipitate, consisting of agold sulphate, which is quickly altyml 
by light, is very difficult to cryst;illise, has a dark purple-red colour when dry, and 
appears remarkably stable when heated. It is very hygroscopic, and is decomposal 
by a bu’ge quantity of w’aU'i* into in.solublc aurous sulphate and auric sulphate, wliicli 
remains dissolved (Prat). This last decomposition would seem to show that tho salt 
is an auroso-auric sulphate. 


Auric Sulphate a7id Xifrafn.-~lt is .stated by Ginolin and other authorities that 
solution of auric oxide in nit ric or sulphuric acid is rapidly and completely decomposed 
on dilution with water. Prom the experiments of A. .11. .Vllon, however {Cheon. Sots, 
xxv. 85), it would nppear that, thu oxacid salts of gold are more definite and more 
stable ill solution than they are u.sually supposed to be. 

A solution of auric oxide in nitric acid gave, on dilution with water, a perfectly chtir 
solution which answered to all iJio tc.sts for gold. It decomposed very gradually by 
keeping, the oxide being deposited. 

In like manner au aqueous solut ion of auric sulphate deposited but very slowly a 
portion of tho metal, the decomposition in many instances being very slight, and never 
wholly complete, even after «a long interval. 

riiioly divided gold, when lieated with solid potassium permanganate and concen- 
trated sulphuric acid, is rapidly dissolved, yielding a solution which is rot prccipitntcil 
at all on dilution, but gives, when tested with oxalic acid or ferrous sulphate, abundant 
evidence of tlio presence of gold. There would appear, then, to bo no doubt that tlio 
gold exists in this solution in tho state of sulphate. 

When nitric acid is substituted for sulphuric acid, tho gold is completely ]^TecipitoU!il 
on the addition of water. Reynolds and Spiller .nro of opinion that in this latter re- 
action auric nitrate is not produced. Allen objects to this conclusion, and_ points out 
that tho true cause of tho reduction is tho presence in the solution of nitrous ncidi 
since, if a small quantity of permanganate be added before dilution, or if the acid 
liquor be boiled with a crystal of ammonium sulphate, precipitation of the gold docs 
not take place. ^ u- , 

This explanation is further strengthened by the fact that it is possible, by adding a 
few drops of fimiiiig acid to a pure solution of auric nitrate, to cause an instantaneous 
precipitation of the metal. 

Ckild and BUwar Siilpl&idef 2Au'S3.5Ag-S. Tliis sulphide is formed by 
action of melted sulphur on a mixture of gold and silver iu the fused state, R * ^ 
dark grey crystalliiio substance of sp. gr. 8*150, decomposed by heating in a 6 re 
of hydrogen. Fused with sodium carbonate it gives sodium sulphide, and appareu ) 
an alloy of gold and silver (Muir, Chem. News, xxv. 654). 

Oold Purple, or Pnrple of Caralno* Macquer having obi^rved that 
of Cassius was deeper in colour the more gohl it contained, considcretl it to Pc 
ture of stannic hydrate and metallic gol£ But Proust, finding that . 
dissolved in ammonia, and that it did not yield gold when treated with ffl 
looked upon it as a true combination, consisting of aiirostannons 
varying proportions of staiinic hydrate. Bcbray {Compf. rend, Ixxv, 
both views to bo wrong, and regards the purple as a ‘lake’ of dis- 

hy metallic gold, tho gold being prevented by its union with the acid ^ Jatcr. 
solved out by mercury, just us ordinary lakes will not yield up fijst 

Instead of preparing tho purple in tlie usual way, it iiMy he State, 

cipitating stannic oxide by boiling together stannic cffiloride and sodium 


nuumg gULU chloride and potassium oxalate, and again boiling:, when 
bo precipitated upon the oxide. A similar colour is produced if 
for stannic oxide. This seems to show that tho purple is simplir an 
gold. That the purple diouldbo soluble in ammonia is not ® 
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to Ijc chiefly mado up of stannic oxide, which is soluble in ammonia in tho 
foid Elevation of temporaturo and desiccation diminish the solubility both of 
stannic oxide and of the purple. Moreover, tlio solution, whioli always appears turbid 
i,V reflected light, slowly deposits metallic gold. The latter could not, therefore, have 
lLd present us an oxide, since ammonia, in acting upon oxides of the precious metals, 
(rives rise to products more or less complex, but the metal is never set free. 

^ In the iissHj of silver containing a little gold and tin, there is often observed, u:i 
dissolving the metal in nitric acid, a substiince very similar in appearance to the 
purple of Cassius. It is not., however, soluble in ammonia, and Dobray thought that 
tins might bo duo to the mobil having been dissolved in hot acid, just as stannic oxide 
obtaiuod by oxidising tin with hot acid, is also insoluble in ammonia. Ho therefore 
.‘iMacked, with nitric acid, at a vury gentle heat, an alloy of silver, gold, and tin, and 
obliiinud a purple residue quite soluble in ammonia, showing tlio identity of Uiis 
ivsiduo with the ordinary purple. 

Debray appears to consider a ‘ lake * as standing midway bctw'eon a mixture and a 
iiliemical combination. 

COKBSXr SSAXi. tioo Hydrastis. 


aiULZfr, AJTAXi'rSZS of. The methods hitherto empdoyod for the determina- 
tion of stiii'ch and cellulose in grain give very disc'ordant residts. When the starch is 
ilissulved by a solution of malt (Oudemans* method), much nitrogenous matter roma ins 
Avilh till? cellulo.se, and is not perfectly removed by treatment with potash, which, 
iiiorcovcr, dissolves cclliiloso to an appreciablo extent. Purified cotton-wool lost 4‘54 
p.o, Avhcii boiled with a 1*25 p.c. solution of potash, and afterwards with dilute acetic 
iu id ; and on repetition of the treatment, suffered a further loss of 2 6 p.c. When 
vcgcfalilc iiKittcr is acted upon in the cold by potassium chlorate and nitric acid 
{l'\ .Schulze’s method), the cellulose obtained is very pure; but purified cotton-wool 
lu'cs a-f» p.c. whou treated in this m.anncr. To avoid those sources of error, W. Pillitz 
{Zeitschr. aval. Chem. xi. 46) determines the vegetable fibre in gr.-iin by heating 
the flour with very dilute sulphuric .acid in sealed tubes at 140®-145°; under such 
ti'oatnient cotton-wool losc.s only 0*4 p.c. His plan of analysis is as follows : — 

8-10 grtams of the flour are exhausted as quickly ns possible with 1 litre of cold 
viitcr, by means of a Iteal’s press, in which the flour lies on a filter-bod, and water is 
forced throiigli if; by means of a column 7 feet high. In the watery solution tho total 
liolic] mattor, ash, nitrogen, and sugar are determined. The undis^olvcd flour is quickly 
dried, first in Ji vactiuiu, then, afTl,er being finely powdered, at 100°. 1 to 1*2 gram of 

till! driod mass is then treated with 40 c.c. of very dilute sulphuric acid (3 to 3*6 c.c. of 
ju ifl^sp. pr. 1*16 diluted to 1 litre), and heated in a sealed tube for eight lioursat 140°- 
1 15°. The cellulose is then collected on a weighed filter, washed witJi water, ulcoliol, 
and other, driotl, weighed, and its ash deduct ^ ; it contains only traces of nitrogen. 
In tho solution sugar is determined by Fehling’s method, and tjio amount found is 
wkuhitttl as starch. Tho heating in the sealed tube is repeated with 1 to 1*2 gram^ of 
tlip ongin.Tl nuNil. The sugiu” thus obtained represents starch plus sugar and dextrin ; 
nnil by subtracting the starch and sugJir previously determined, the amount of dextrin 
nitrogen, and ash are determined in the usual manner. 

Ilu! following are analy.ses made by this method. The millet, buckwheat, and spelt, 
a)T‘ external shells ; the other grains wore in their ordinary market- 
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2*63 

•60 

1*01 
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•24 

1*60 

4*28 

69-20 

1-29 

*52 

•62 

4-79 
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1*86 

•64 

1-18 

8*88 
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1-06 

2*71 

1-73 

3*08 

14*28 

2*06 

1*23 

1-46 

18*08 

63*62 

1*46 

•37 

1*66 

4*92 

12-13 

2*69 

2-73 

1-44 

4-82 
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-83 

1-69 
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•38 

1-32 

■87 

85-41 
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•12 

•90 
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•46 

•45 

■61 

2-06 
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7*40 

4*67 

•61 
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CI9AWm. From nn examination of Fuglish and Irish gianitos, S. Hauelito 
( Pmc. JRoy. Soc. xvii. 'JOO) coiiclndos that they arc either eruptive rocks belonimjfy 
the formations from tlio JSilririan to the cirbonaccoiis, or inotamorjdiic rocks** T]** 
eruptive granites contain ortlioclasc and alhitc, but no ligio felspar; the raotainoiDh'^ 
'granites, on the other hand, contain orthoclase and a lime felspar, viz., oligoclase buJ 
no albite. ’ 

Thegranitc.s of central and western iScotlaiid are motaniorphic, like those of Loiic'^hI 
and Norway, with whicli, iu fact, tliey are geologically identical ; eruptive granito L 
met with only occasion.'illy, as iioai* Peterhead. Tin*, fcl8p:irs are the Scamorfis in the 
English and Irish ^anite.s (Uauglitoii, Jalirhuch Mineralogies 1871, 83). ^ 

J. Jjemberg {Zeitschr. gcol. Gesellsch, xxii. 86) has analysed several series of the 
decomposition-products of Fitdatid felspars and granites. Tho results show that, in 
the process of weathering, the bases HO, and especialh' GaO, diminish in proportion 
to AlW, whereas IPO, Fo-O*, and MgO, are taken up; or that, under tho influenco 
of water containing potasli and magnesia, CaO and K-0 aro exebungod for ■ 
Na®0 and CaO for lv®0. iror the analyses, see Jahrcsh.f. Chon, 1870, 1353. ° ’ 

OSAMUXITB. Schoarcr {Jahrhuch f. Mineralogies 1873, 673-601). The true 
granulitcs form a chiss of rock.s, siiarply characterised hy their petrographic constitu- 
tion, which may be regarded as co-ordinate witli that of Iho gneisses, consisting mainly 
of a fine-grained mixture of felspar and quartz, and distin^^uisliod by admixture ot' 
garnot (sometimes also of cyanite) : they exliihit for the most part, notwithstiindiiiii 
their characteristic delicicncy in mica, the parallel striioture, and tliereforu the cliii- 
rjicter, of a stratified rock. They may in fact be regarded as gneisses containing littlo 
or no mica, and having that mineral replaced by garnet. 

In chemical constitution .also, the graniilitcs are sufticicntly near to llie gneisses to 
admit of their division into groups corresponding with tho red, middle, and grey 
gneisses (or upper tniildle and lower plutonitos). iScheerur has shown {Zvit&r.hr. d. 
Deufschen geotogiscJicn Gcsellsckafis xiv. 23-150), that tho chemical constitution of 
these gneisses may bo represented by the following formuhe, and by tho oxygon-r.il ios, 
degrees of silicatisation (ratio of number of molecules of silica to number of molecules 
of ba«e) and percentage of silica, thcucu deduced : — 


i 

i 

1 

Upfior ]i1iit<ni]ite | 
lied UiiciuH 

l' ■” ■ 

1 Nidilln pliiboDlto 

1 Middle UncisH 

! 

Lower pliitonitc 

Givy OiicisH 

Chemical fonnnl.i j 

lK0.9.Si0®. 

j 4R0.9.Si0' + 2(2^3810“). 

2R0.3SiO'. 

Oxygen ratio ) ! 

110 : SiO* / ■ 1 

1 : 4-5 

r 

( 1 : dvo 

1 : 3 

Degree of sili- } j 

c.nri«ation ( ’ | 

2-25 

1-875 

1'5 

Percentage of silica 
Mean 

7«-7-l 

1 

71-69 

70 

1 66-61 j 

6|i ! 


Tho following are analyses of seven Sfixoii graniilitcs : — 1. anil 

Penig, containing, in a finc-graiuod euritic ground-mass, numerous 
granules of red garnet: no perceptible trace of mica, 2. ^^reyiah 
from Neudorfchcri, similar in structuro to the preceding, but contonjinff 
granules of quartz and crystalline felspar. 3. Greyish-white granulite from ^ 
ground-mass flne-grainod to compact, with splintry fracture, and containwgi^^^^^ 

S ale-rod garnet, granules of an unknown black mineral, to which tho greyw^ 
ua> 4. Grey granulite from Ponig, similar to 3, but containing more ? j^mot 
miperal. 5. Dark grey granulite fnnii Biirgstadt, containing Sne- 

and black scales of mica. 6. Light-groy gramdito from Ncuddrfcftonj pggfctere<l 

grained, containing granules of quartz and crystalline felspar, tjnces of 

crystals of gamcl, and here and there scales of pinchbeck-brown gho^-s 

tho black-minoral. 7. Greyish-white slaty granulite from Steina -iSJlf gl8» 
distinct pamllol structure. The gi-oimd-mass appears under tlio of 

ho made up of parallel layers of quartz and felspar 
pinchbeck-brown and black mica imbedded. According to 
rock is tho most abundant of all the true gramilitos, 
and trap-grannlitc, makes up by far the grc;iter p.artoi 
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Analyses of Saxon G-ranuUtes, 
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From those analyses mny l)o tleducocl llio following oxygeii-ratios, RO I SiO®, and 
dcgvpos irf silica tisal.i on ■ 




O-'tycen ratio 


Uc;;rcc of silioatisation 


JS’fiiiml 

Normal 

DilTcrcuoe 

Pound 

Normal 

DJ/Ecrcncc j 
i 

1. . . 

1 : 4*74 

1 : 4*50 

0*24 

1*58 

1*50 

+ 008 i 

‘1 

1 ; 4*64 

fl 

+ 0*14 

1*55 


-1- 0*05 

■J« ■ ■ 

1 : 4*47 

J' 

- 0*03 

1*49 


- 0*01 

4. . . 

! 1 : 3-93 

1 : 3*75 

+ 0*18 

1*31 

1*25 

+ 0*0C 

0. . . 

j 1 : 3*66 

fl 

- 0*19 

1*19 

»» 

- 0*06 

ti. . . 

1 1 : 3*83 

19 

+ 0*08 

1*28 


+ 003 

r. . • 

i 1 : 3*90 

J* 

+ 0*15 

1*30 

it 

+ 0*05 


TIk'.so iiuinlcrs show that: the normal granulites nro co-ordinate, mrtly with the 
'.ippcp plutonito (red gueiss), partly with Iho middle pliitonito (niiddlo gneiss), but 
tlioy clu not indicate the existence of any granulito representatives of tho lower pluto- 
iiitc (grey gneiss). Grcanulitcs of the fast*mentioned variety (with 64-66 p.c, silica) 
appear indeed to occur much more rarely and in less extent than the two more highly 
fellicated classes, but not to bo altogether wanting. At Elireubcrg in tho ZschopiuthaJ, 
I'up exiimplo, there occurs a grey-black granulito containing 66*4 p.c. silica; and a 
'V'ly dark grey-black granulito from Waldheim lias been found to contain 66*6 p.c. 
"ilicsi. Tho latter contains, together with a largo quantity of garnet, a small quantity 
of piiichbeck-hrown mica; tho former, on the other hand, contains garnet without 
mifii, and its dark colour appears to bo duo to the black mineral. Peiallel structure 
IS ■visible in the l.ntter, but not in the former. 

On comparing the analyses of tho granulites with thoso of tho gneisses wliich they 
niost nearly resemble, it is seen that they differ considerably from the latter in their 
-I mount of water. In tho gmnulites 1-3, the average amount of water is 0*20 p.c., 
f'ndin1.hegrnnulites4-7, it is only 0*19 p.c., whereas the average proportions of water 
m tho nornicil upper and middle plutonites are respectively 1 and 1'5 p.c. This 
oehcieney of water iu tho granulites is a simple consequence of the almost total absence 
> iQica. The several spocies of mica are indeed tho only hydrated constituents 
j silicions rocks, the proportion of water contained in them being between 

^ and o p.c. Where they are absent, in rocks which have not undergone alteration, 
inav 1 ^**f*“^^ absent or present in small quanti^only ; in tho latter case its presence 
^ small scattered particles of mica imperccptiblo to observation, or to an 

"“^“‘'■“‘thcringofthofelsW- 

(rintmV condnwon that grannlites have boon formed from gnoiesos 

vatur of Tb I ^ transformation which has removed tho chemically-combined 

“I'ultiiu? That this process has consisted in a more or less complete re- 

wnce*S’^^ 1 softening of the mass by heat, maybe inferred from tlie occur- 

indeed ganiet, whicn has been formed by dehydration of mica. Garnets, 

2R*0>’3Si}v?°^ * composition expressed by tho general formula 3(2RO.SiO®) -h 
■''womijun* d’ uerived their constituents from the micas, their formation being 

tion of ^ ^^**'*' and cyanite, or one of the two, according to the composi- 

dark magnesia micas having tho composition 3(2BO.SiO*) + 
in indeed from garnet only by the water included in the first member; 

'’f earaot other magnesia miens, 2(2lBO.SiO») + 2(R*0» 3SiO*), the formation 

“‘^i«iou8 lifttrT ■ Less simple is tho derivation of mmnt from the more 

potaeu xnicus ; but even iu this case it is possible, taking into account the 

p p 2 
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simultanoous fomation of the miucirals above mentioned, or perhaps of the bl t 
mineral before alluded to as occurring especially in the gtanulites 3 and 6 most t» 
bably as a product of the decomposition of mica. ' 

In the granulito district of Saxony there occur, together -with the true granulit* 
above considered, chiefly the following rocks : — a. Gnei ss-grannlites (and 
litic gneisses), i.e., rocks more or less fine-grained and micaceous, but likewise co^' 
taining garnet, forming, indeed, transition-stages between gneiss and giamilit”' 
/>. Gneisses (and gnoiss-gi'anitcs). c. Granites (together with granulitic gianitl’ 
granitic granulito, and Forster’s granular normal granuiite, d. Trap-rocks 
so-called trap- granul i to H (together with gabbix)). ’ 

From the oxygen-ratios and degrees of silicatisation of theso rocks it is inferred 
(a) that the gneiss granulites, like the irue graniilites, are co-ordinate with the unner 
and middle plutonites ; tho gneiss-^mulite of Waldheim, however, which contoins 
66-3 p,c. silica, is a representative of the lower plutonite or grey gneiss ; (6) that tho 
gneisses, which occur but sparingly, belong to the middle and lower plutonite; (s) that 
tho granites, which occupy a largo portion of the district, belong to tho upper and 
middle plutonite ; (d) that the trap-granulites, including gabbro and hyperstheiiite 
whidi, ns already observed, form, together with slaty normal granulito and gneiss- 
granulite, by far the greater part of the whole granulito field, exhibit, oxygen-ratios 
2RO : 3SiO-, included between 1 : 1-49 and 1 : 1*30, that is to say, they are similiir 
in constitution to tho corresponding rocks in other localities. 

From all the facts above defciilod Scbccrcr infers that, in the formation of granulito 
from gneiss, the rocks chiefly coiiconied havo been tho red and middle gneisses (iippir 
and middle plutonites). Tho eruptive rock which has brought about the remclting 
and consequently dehydration of tho gneiss — or which has been thrown up simullji- 
ncously w'ith tho granulites — cannot havo been granite, although this rock traverses 
and intersects the whole granulito district in numerous veins. The rcmelting must, 
in fact, bo assigned to a much later geologic.'il period, as indicated by tho occur- 
rence of tho trap-granulites, i.c., especi:illy of the gabbro and hypersthenito rocks. 
But whether any other eruptive rocks have taken part in tho metamorphosis or 
not, tho view— first advanced by Kaumanii from a purely geognostic standpoiot— 
that the granulites themselves arc eruptive rocks, is fully confirmed by their chemical 
constitution. 

Analyses of the Saxon granulites have also been made by A. Stelzucr {Jakrhwh /. 
Mimrmogie, 1871, 244 ; Ciicm, Soc, J, [2], ix. 807), who regards them, not as ornpth'O, 
but as motitmoiphic rocks. 

OSAPS8. Rosoarches on the ripening of grapes havo been made by E. Pulliicci 
{Gtmzcita chimica italiana, ii. 392). A comparison of the amount of sugar and of acid 
in the external and internal portions of the flesh of tho fruit, shows that tlie part 
nearest tho centre contjiins more of tlio acid principle, and is, consequently, the hist jo 
npen. During tho ripening, the amount of sugar goes on increasing to a cerfciln 
point, and then remaius stationary, -whilst tho proportion of acid still continues to nc- 
crease, so that the grape must be cmisidered to be ripe, not, as heretofore, when thu 
amount of sugar ceases to increase, but rather when the acidity no longer 
diminishes. 


CUBAVa-BVOAS, .See SroAtc. 

CMUBBWBTOm (Th. Petersen, Ckcm. [2], vi. 197). The greenstones W 
be divided into two classes, viz. : (1.) Tho amphibolic or hornblende greenstones, 
(2.}^ Tho pyroxcnic or augitic greenstones. _ 

To the hornblende group belong diorite, with its varieties 
tial constituents of which are hornblende and a triclinic alkali-felspar. 
also quartz is present, in which case the rock approximates to the tWOTytic 
may even pass into syenite if it also contains orUioclaso, The auntie j. j,o 

tho true basic rocks. They all contain a plagioclastic alkali- or liino-fewi»^f ® 
quartz. They may bo coiivoniontly divided into two groupSi the older a 


younger. . . 

The older division, which is developed cliiofly in the transition 
the rocks of the diabase family, to which belong: (a.) 
and augitic porphyry, which contain true augitoand are very 
stiienito, containing ferruginous h^-^rsthene, which, occ^iiig to ^^jaiiiing 

tions of Descloizeaux, crystallises in the rhombic system. 
oomparativoly light-coloured non-formginous enstatite, dialUi^^.Of 
those rocks may be conveniently designated as ‘true greenstoOfiS.^ i 

To the lat» division of tho augitic rocks belong those of tiie 
diorite, and basaltic lavas, for which, as proposed by Kaumf^i ^ 

‘ trap * may bo retained. ' ^ ’ 
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TIio basic greenstones, and' cspocinlly those containing augite, exhibit on the whole a 
fionsidcrablo resemblance to one another, and their percentage composition is also nearly 
tho same. The allmlino silicates are more Tiiriousiy developed in the basaltic than in 
thu diabiisic rocks, which hitUjr do not contain glassy felspar, nepheline, &c. In the 
fornicT, on the other hand, the aiigitic substance has in the course of ages been more 
or luss'altored and converted into cldorito. Titaiiiferous magnetic iron ore (in some 
case also tiUiniferous iron), and in small quantity apatite, is common to both groups. 

JV/f! CamtituentB of the Ba&us ^oeJa*. — It has long been questioned 

whuthcr any triciinie felspar is a regular constituent of diabases. Petersen finds that 
oligoclaso is usually present, whereas lime-felspar occurs in considerably smaller pro- 
portion, or is .-iltogether wanting. In tho younger groonstonos, especially tho Ijasal- 
titos, the oligoclaso is sometimes replaced by orthochise. Zeolites, mostly of compara- 
tivol'v recent formation, are diffused through all greenstones, especially tho bnsaltit.es. 

j(ifq\.te and llomhmide, — Tlio constitution of .thcso minerals, and especially tho part 
which .‘ihimina and ferric oxide play in them, has not yet been satisfactorily explained. 
Vilest, ef the analyses agree with the formiilu of .a bisilieatc, tho excess of base which 
Komc of them exhibit being duo to the iron, which is often present as magnetic oxide. 
Angite .niul horiihlondo sometimes occur together in greenstones, tho aiigitc, however, 
p'ucrjil ly predoinirui ting. 

Chlarite.—^Yho constitution of mirmrnls of tho chlorite family is but imperfectly 
understood, the obscurity arising chiefly from the fact tliat they are products of tha' 
more or Ic.^s advanced tran.sfijrmatioii of aiigitic minemls, and theroforo difficult to 
dhtnin pure. Tlieir mean composition is best expressed by Jbirnra el sb erg’s formula 
2 (;lIi 0 .iSi 0 -) + Ar-0*.SiO' + 4H-0. In tho diabases ferniginoiis chlorite is almost 
always present, the augito being somotiines completely ci^nverted into this mineral. It 
is ofkeii jiccompaiiicd by a largo quantity of finely-divided magnetic iron ore. 

Mtigwtic and Tiimriferons Iron Orea . — Magnetic iron oxide is a regular constituent 
of till) basic rocks, both old and new, especially of the augitic greenstones. It often 
conliiins titanic acid. Titaniferous iron is of frequent occurrence in tho dolerites. 
Tilaiiic acid occurs in basic rocks, sometimes isolati'cl, more frequently, however, as 
tilniiifcrous iron. 

Apaiile, to tlio amount of several units per cent, is rarely absent from basic rocks, 
find is frequently met with in other rocks of plutonic origin, especially trachytes and 
hyMs. 

Fmmiion of Serpentine , — Greenstones are not iinfrequonlly sorpentinised. Serpen- 
tine) more or less distinctly stratified is often found amongst crystalline rocks, ns gneiss, 
granite, diorito, gfibbro, diabase, &c., but also nearest to those which contain a con- 
sidfTiible qiiantily of magnesia. iSilica and magnesia appear therefore to have a 
peculiar tciideiicy to unite into a mass exhibiting tho character of serpentine. 

Greciintones as Mahices of useful Minerals and Ores . — The beds of ore of 
ttitiichen ill Ihulcn, appear to owe their cxistciico to neighbouring horblendo slates 
contAining nickel, cobalt, arsenic, bismuth, and silver. Many iron and copper ores, 
pirticularly the copper schist of Oborhesseii, also the nickel and copper ores of the 
Ihlleiiburg district, are pi*obably derived from diabase. The origin of the important 
deposits of phosphorite in Nassau must also bo assigned to diabase, which is eveiy- 
wlicre rich ia apatite. 


GUAIAGVM. E. Scliaer {Zeitschr. anal. Chem. ix. 430) pre^iares tincture of 
gnfiiacTun by dis.solving 1 part of the recently pulverised resin in 100 parts of absolute 
d eoiiol, aud keeps it in black glasses, in which it will remain iinalteroa for a long time. 
10 r(i^>tion of this tincture with copper salts in presence of hydrocyanic acid and 

cyanogen compounds of copper has been already noticed (p. 383). 
‘^cnjiPr cither " 



appearance 


latter the 


Dm 1 p* hydrocyanic acid, viz. ; acotomtnl, propiomtnl, capronitrii, 

flistinct blueing, even when they have been completely from 
carbnraincs by repeated treatment with dilute hydrochloric acid. Of 
''niquid tho toluyl-compound was examined, which, whether in the state 

o* vapour, does not produce any blueing, either with tincture of guaiaenm 
Mlt. Sch on giiaiac paper moistened with a very weak solution of a ^per 


of' ^ ^^^''vover, infer from tliis that tJie entire group of carbamines is 

be tohaI this reaction, inasmuch as the action of benzene derivntives 

leaker than that of motlxyl-, ethyl-, or amyl-compounds. Normal aul- 
f as those of etliyl and amyl, blue tJie guaiac-copper solution as stiongly 
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as tJieir isomorldcs, Uio mustard-oils or snlphocarbiniides. Tlie blueing produced Lv 
tliOBO sulphocyanntes, especially in tlie state of vapour, is much weaker tnan that 
veloped by the normal cyanides. Methyl-, ethyl-, amyl-, and phenyl-sulphocarbimides 
behave in the same manner as ordinary mustard-oil. The amyl-compound, however 
is distinguished from the rest by its much stronger action in the state of vapour 
Phonyl-suJphocarbimido, on the other hand, exerts but a very feeble action, especially j]) 
the state of vapour. 

Schdnn {Zeitschr. anal. Clicm. 1870, 209) observes that groat rare is necessary ia 
the use of tincture of guaiacuin for the detection of hydrocyanic acid, chromic acid, aiul 
ozone, inasmuch as the same effect may bo produced by other substances. Guahicum- 
poper moistened with solution of cupric sulphate is turned blue by ammonia, as well 
as by hydrocyanic acid. Tincture of guaiacum, in prosence of sulphuric acid, is 
rendered blue, not only by chromic acid, but also by ferric chloride, potassium ferri- 
cyanido, gold chloride, potassium permanganate, molybdic acid, potassium nitrate, aiud 
potassium nitrite. Guaiacum resin assumes a blue colour with oxidising subsUneifs, 
and with potassium antimonate, barium carbonate and liydrochloric acid, lead acetate, 
calcium chloride, manganese clilorido, copper iiitroprusside, mercurous nitrate, and 
sodium sulphoeyanato. Copper salts also colour tincturo of guaiacum blue when very 
dilute. The reaction is more scusitivo in presence of ammonium chloride, Iwirium 
chloride, ammonium bromide, potassium iodide or cyanide, or ammonium lluorido. 


OVAJrAfZTS. See Guano. 




(Nil* 
jJl 


ClI^N' - ~ C ■! N 11 . Erlenmoyer obtained this base by tho action 

[nit- 

of cyanogen chloride on ammonia (i.e. of cyanamido on ammonium chloride, 1 
651). According to Bannow {JDeuU Chem. Ges. Bcr. iv. 161) tlio chloride of cyano«r» n 
may bo conveniently replaced by the iodide. TIio solubility of ammonium iodide in 
nlcohol appears to hasten the formation of guanidine. Iodide of cyanogen with throii 
times its weight of alcoholic ammonia (of 10 p. c.), heutod in a sealed tube in thu 
■water-bath for three hours, gave almost tho theoretical quantity of nearly pure giinni- 
dine salt. According l.o Ossikovsky, however (BiUl. Soc. Ckim, [2], xviii. 161), other 
products, includidg a volatile fatty acid arc formed at tho same time. 

G. Bouchardnt {ConipL rend. Ixix. 061) by passing 160 litres of phosgene gsis into 
ammonia, obtained, together with sal-nmmoniac and yrea, small quantities ot gunnittine, 
ammelidc, and cynnuric acid. . , 

Guantdino boiled with diluto sulphuric acid, or with baryta-water, assimilates tiio 
dements of water, and gives ammonia and urea, or tho products of its docompo- 
sitiou. 

OTN’ + H=0 = CON»Jl* + NH*. 

SuIwUtatea Ouanldlae*. Dibemt/l-gvanidine, = C ■ 

Tho hydrochloride of tills bnso is formed by boiling an alcoholic solution 
zylamide (p. 182) witb benzylamino hydrochloride, and tho ^o 
action of dry cyanogen chloride on pure dry boniqrlamine. The 

lises iu laminse melting at 17G°f slightly soluble in water, more , vy^ro* 

platinochloride is crystalline. On adding caustic soda to a rolution i jua ps 

chloride, dibenOTlguanidine separates as an oil which sobn waTwcIv in 

from alcohol iu colourless laniinse or plates which melt at 100 » disso 
water, alcohol and ether (Strakosch, Bent. CJieTn. Gea. Ber. T. 602). ..fjooof 

Phenyl-, tolyl-, and mothyl-guanidine nmy bo formed by toe w 
mido on tho hydrochlorides of aniline, toluidino, and methylamine rwp®^ j 
imy&T.Deut. Clmn. Ges. Ber. iii. 806); tho last also by the action of metnyi-®/ 
on ammonium chloride (Tawildarow, ibid. 477). 

Methyl-guanidine, C1P(CH»)N» « C JNH , appears to be !(»»» 

INliV mtionof 

metliyluramiue — ^which Dessaignes obtained by boiling an aqueous ijie form 

OP creatinine with mercuric oxido (iii. 1009) — in every^reBpeotffscepting ^^^^^t^ in 
its platinum salt, that of mothyluramino crystallisingi according w, ^ methyl 
rhombohedzona, whereas, accordii^ to v. KobelVs measurements, w* 
guanidine crystallises in monoclinic forms (Erlonmeyer). , 

eiseolyl-methyl-gnanidine, C*H“N*0*, is 
diloracetie actd*t the hoiliDg heat on mothylrguiMijduivtW 
to that which the same acid exerts on triethylamine, tpiew>ylpftr?r^ 

and ittjrchnm^^^ + C«I*CaO* + H*0 « O»HW.H0i + 
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\VJieii an axiurous solution of chlornccttito of mo^yl-gnanidinc is boated to 120®, tho 
vrwdiict boiled with lead hydrate, tho lead precipitated by hydi'pgen sulphide, and the 
liUnito evaporated to a thin syrup, glycolyl-methyl-^ianidiiie is obtained in colourless, 
tliick, rhombic tablets, 'irhich soon nggiomcrate in irregular groups. These crystals 
n.ro easily soluble in water, and are neutral to litmus-paper. When strongly heated 
tfjev melt witlioiit subliming. Glycolyl-mothyl-guanidino unites with gaseous hydro- 
i?iilorie acid, forming the salt which cannot bo prepared with tho 

■Kjiieous acid. Witli jilatinic cJdoride and Mli'er nitrate it yields respectively Uio com- 
iiDiiiiJs C^Jl"N“0“.H-PtCl“ and G*Jl"N“0®.Ag=*0. Tho hydrochloride melts below 
iflO“, ami if gaseous liydroc-liloric acid bo passed over it at 100®, 2 mols. of tho salt 
.r'u'o ’up 1 moi. water, leaving tho compound C'‘II*®N“0*.2HC1. 

TripliCiiyl-guttnidine^ C(C®iP)“H*.N“, is formed by tho action of mercuric 
dilorklo on sulpliocarbanilidc. When equal parts of these two subsUnccs in tho dry 
siiitoaro heated together in an oil-bath to 140®-150°, tho mass first melts, then froths 
and gives off hydrochloric and sulpliydric acids. The fused mass, which smells like 
|ilii!nyl'Siilphocarbamide, is lixiviated, first w'ith boiling watcT and tlicn witli alcohol. 
Tim aqueous extracts, treated with soda-ley, yield yellow and white precipitiites of tri- 
jilii'iiyl-guaiiidiiie, which, after rcciystallisatioii from alcohol, melts at 1 45®. It crystal- 
lises in thin needles wliieh, according to Grotli’s measurements, are rhombic six-sided 
prisms, having tlie axial ratio a \ h \ c = 0’6703 ; 1 : O*5;57o (H. L. Buff, Dent, Chon, 
ifrt* ii. 498 ; Zcitschr. f. Chon. 1870,54). 

'I'hc alcoholic extract of the fused mass obtiiincd in tho above resection yielded long, 
hliining, strongly refractive needles of diphcnylurca, melting at 235® and solidify- 
ing iit 210®. 

ihjontriphenyl-guanidinet C-*II“N* = ClI*(C'dP)*N*.2CN, is formed, togo- 
llicr with cyanauiline, by tlio action of cyanogen on aniline. When purified it forms 
Jiurora-iVid ciTstals liaving a violet iridescence. Heated with dilute alcohol 
n gives off ammonia and aniline, and yields diphcnyl-parabanic acid: 

+ 3IPO -= 2NH* + C«H»N -p (CO)(C*0=)(C*IP)2.N*. 

T\’hcn its alcoholic solution is boiled with hydrochloric acid, tho diphenyl-parabanic 
acid is likewise decomposed, tho products being ammonia, aniline, carbon dioxide, and 
oxijlie acid ; 


+ GIPO = 2N1P + + CO« + OTPO« 

{Hofmann, Chan. Gen. Dcr. iii. 763). 

^ A conipoiiiid isomciic with the above is obtained by tho action of cyanogen on an 
alcoholic solution of triphoiiyl-guniiidinc. It forms yellowish- wlfite crystals which, 
III contiiet with liydivjcliloric acid, turn red and are quickly resolved into ammonia and 
oxiilyl-tri phony l-guanidino, C.(C''IP)»(C’0-)"N>. This latter, boiled with 
alcohol and hydrochloric acid, yields diphenyl-parabanic acid and its products of do- 
euiiipositioa (Hofmann, ibid, 764). 

^^aphthyl-diphcnyl-guanidine, C=»H'»N> = C(C*®H»)(CW)*IP.N».— When 
niphonyl-sulphocarbainido and naphthylamino in equal numbers of molecules ar© 
■tJilutl lu alcoholic solution with loud oxido till tlie whole of tho sulphur is pre- 
cqatatcHl, tho filtrate then evaporated, tho residue dissolved in dilute hydrochloric 
T' hydrochloric acid added to tho solution, hydrochloride of 
separates in indistinct crystals which form a crystalline 
ou Jio salt with pjatiuic chloride. Tlie nitrate is sparingly solublu. Tho free base 
o'.ms crj-atiiHinu crusts wliich melt at 155 (F. Tiomann, Veut. Ckem. Gc$, Ber. Hi. C j 
'iiWr./. Cfcs. [2], vi. 309). 

'■ preceding compounds, from phenyl-tolyl-sulpliocorbamide and 

Tho **^"^*^° forms a clear, brittle rosin, molting below 60®. 

forma sparingly soluble and cxystalline ; tho hydroehkride is crystalline, and 
Tet soluble doublo salt with platinic chloride (Ticmmin). 

diguanidinc^ or Dicarbo-tetraphenyl-toluyl- 
i>hove^VY'’ « C'^((?'H»)^C»H‘')"H^.N*, is obtained in tho manner 

'‘•‘0 froB^ ^ <^ip^io”yl-sulphocarbamide and 1 mol. toluyleno-diamino. 

‘^dirr clear resin which melts at 76° and dissolves in chloroform, 

Ii, ' benzene. Tho platirtoc/dorida has the composition C*’H*‘*N*.2nCl. 

* ’lie mtra/e is sparingly soluble (Tiomann). 

found in Uie excrement of a heron fed partly on 
■ ^ wy on flesh (Hoppo-Soyler, Med.-Chent, Uutermchmgen, 1871. 682). 

Accpixling to Chorreiil {Compt, rmrf. Izxvii. 453, 569, 001) the eiysfeil* 



584 


GUAUANINE.— GtTMBELITE. 

lisable material diusolvcd from guuno by cold water, consists mainly of adwiODittm 
oxalate mixed with yellow, red, and brown organic colouring matters. The residua 
left after complete extraction of guano with cold water yields avio acid to hot aloolio] 
although the residue originally possessed no smell of tlio acid. Prolonged WBshin<r 
does not romoyo the whole of the ammonium carbonato from the insoluble residuo of 
guaiio. The bones of birds found in guano have entirely lost their cohesion, beinir 
reduced by trituration with water to orange flocks, the w'atcr at the same time becom- 
ing acid and dissolving some calcium pho.sphate. One example of guano yielded asult 
containing calcium, ammonium, |)otas.siuni, and oxalic acid, soluble in a little watcr*^ 
but decomposed by a larger quantity with precipitation of calcium oxalate. Chovieui 
concludes that tliese crystalline substances have been formed by a slow action in the 
absence of any notable proportion of water. 

On the composition and properties of guano, sec further, Clierreul iC<mpt, %md 
Ixxvi. 1376, 1500; Ixxvii. 155; CAem, 8oc. J. [2], xi. 1052; xii. 90). 

Gmiiofrom Malden Island, — This guano isin theform of a coarse powder, of bright 
browm colour, and has the following compcnsitioii :•>- 

re*0» K»0 Na“0 argO CuO r-0= so* CO* Cl Sami 

•26 '28 1-71- 1S6 43*51 37*58 -22 2*61 *82 *01 6 01 4*70 *29 « 100-49 

It is similar to tliat from Ihiker Island, and is well adapted for the munufacturo of 
superphosphate (.>. Fittbogen, Ann. d, Landwirthschaftj ]Voc1ienhlattf 1872, 310). 

Minerals found in Guano.— Q. U. Shoparfl {Sill. Am. J, [2], 1. 273) defici-ibcs two 
new minerals — the homogeneity of which is perhaps doubtful — fi*oin the giiano of 
Giiana^o Island, north-east of tlie Chincha Islands, Peru. One of them, giiaiuipilc, 
occurs in nodules and vein.s, has a rhombic cleavage, and gives off ammonia in contaot 
with the air. Hardness «= 1-5 j ap. gr. s=:2-3. The other, gunnox.ilite, is aprodupt 
of ti'ansformation of a bird's egg. It is milk-white, slightly- traiiHluceiit, has a nucreous 
lustre, and forms lamiuse with rhombic cleavage. Hardness less than 2 ; sp. gr. 
= 1‘68.^ When heated it swells up, blackens, and melts, giving off a large quantity of 
ammonia, and leaving a white residue. The composition of those minerals is as 
follows;— 

Guannplto. Gnanoxallte. 

Potassium sulphate . . • « . 07’75 40*20 

Ammonium sulphate 27’88 — 

Ammonium oxalate 3*76 29*25 

Water — 30*40 

99*38 99*91 

Bhepard also enumerates five other minerals found in the vertebral column and the 
stomach of a bird imbedded in the guano, viz. : Ihylorite, Aphaialite (calcium oxalate), 
(ammonium oxalate), PAospAammite, and DiphospAammite (ammonium phos- 
X>hnte in different stages of saturation). 

OVA3UVZWB. Fop the preparation of this substance from guarana, the follow- 
ing process is recommended by C.J. Williams (C7«w. AfU's, xxvi. 97). Finely-powdewl 
guarana is mixed w’ith ono-third of its weight of hydrate of lime, and moistened wtn 
water. After an hour or two, it is placed in a drying closet, and completely toou 
at a moderate heat. It is then exhausted with boiling benzene. Altered, and We 
benzene distilled off. A small quantity of light-coloured oily matter is left'» wwen 
treated with boiling water, and again digested over a water-batli, until 
benzene have been dissipated, then Altered through a wetted Alter ^ as to keep w 
the oil ; the aqueous portion evaporated to a small bulk, and set aside for twenty-to 
hours, yields the guuraiiiiie white and pure, and requiring no further puriAcation. 

CmCBIKUTlI. A mineral occurring at Kordhnlbcn, near 
X'ranconia, in thin Abrous layers on clay slate, or on the iron pyrites which oC(W 
small Aattoned masses. It is greyish-white, Of a soapy to pearly lustre, 
soft, and pliant, and feels, when rubbed, like Ano asbostos. It intuinesces Pwp ^ 
blow-piw, and the Ano Ahres fuse into a mass resembling porcelain. H 
water -^en heated, and resists the action of acids. Its analysis gate 
numbers: — 

Undodompoied / , . : 

SIO* Al-0* PcO MzO K»0 H*0 Sttbsfc^ ^ 

50*62 8104 3*00 1*88 3*18 7*00 1*4^ » 

(r. Kobell, JaArbi f. Mineralogies 1871f 174). 
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aumi Tho compound obtained by heating gum-arabic to 150° \7ith 2 partfl of 

tic aiihydri*^®* regarded by Schiitzonbei^r a. Naudin {Ist Suppl. 658) as dia- 
***T.ii iirtibin C*H"(C*H’0)=0^ appears from more recent experimonts by t^hutson- 
Chim. Phj/t. [4], jm. 238) to bo tctracctjMiai-abin, C«H«(O'H»0)*0>» 

' • wiiiich ns the saturated acetyl derivative obtained by heating gum to 180° for live 
')f six hours with 6 to 8 parts of acetic anhydride, has the composition C*'-H‘'‘(C*ll*0)*0'“. 
lloih these ac(‘tyl-derivatives uro white amoi^phous powders. 

Pktinctioih of Gmi-arabic fivm Dextrin. — ^According to Hager {Zeitschr. ami. Chtm. 
si 350) these bodies may bo distinguished from ono another by the following 
cliJi rnct.crs - 

Gum contains no doxtroglucoso, which, however, is present in ilextrin, and may bo 
found by Q’rommsilorft’s sugar-test. 

Gum contains a limo-vompound : honco its solution is rendered turbid and milky by 
oxiilic acid, whilst a solution of dextrin remains alniast clear. 

Gum gives a slimy yellow deposit when its solution is mixed with a neutral ferric 
salt. 

Distinction between Gum-arabie and Sknaar Gttm. — Tho presence of tho clieapor 
8eiiiiiir glim in gum-arabic nmy bo detected by dissolving 8 grams of tho gum in 15 
■trains of cold distilled water, and adding 30 grams of basic load acetate in several 
portions, with constant stirring aiwl fdtcriiig. Pure gum-arabic filters easily, yielding 
in nil lioiir 18 to 20 grams of scaiwly o]»:iiesceiit filtnite, and leaving on tho filter a 
residue which is no longer fluid. When 6 grams of the filtrate are mixetl with 5 grams 

i. fffatK'.'inil l.i gram of ammonia is added, tho liquid ji*mairi.s almo.sl clear. Guin- 
.Siiiiegul bcliaves in a similar manner. Sciiaar gum, on the other liand, gives a milky 
tiltraio, and the filtration goes on for 24 hours till tho filtrate weighs from 18 to 20 
pi’!ini.s, after wdiicU tho residue on the filter still appears fluid. When 6 grams of tho 
liltrfitn clarified by a second filtration are diluted with 5 grams of waiter and mixed 
with the above specified quantity of ammonia, .a white gelatinous mass is formed on 
iiKit.itioii. I>y this character a mixture of tho two kinds of gum may easily be recog- 
iiisid (Sclilosscr, C}tem.News, xx. 120). 

Gum inixerl with dextrin exhibits the same characters as when mixed with Senaar 
?u}ii ; blit dextrin solution alone is merely clouded by basic lead acetate, so that the 
Mii;illiT quantity of tho precipitate produced by this reagent, is suflicicnt of itself to 
iiuiiciito the presence of dextrin. Characteristic of dextrin also is tlio peculiar smell 
of lircad which is emitted on dissolving it in hot. water (Sehlossor). 

l*!s(mation and Separation of Gum and Dextrin (Z. Koiissiii, J. PJumn. [4], vii. 

ii. jl).— -Thc.^o substances may bo separated by means ni ferric chloride, which precipi- 
tiilcs thft gum and not tho dextrin. The liquid coutaining thorn is evaporated lo a 
MTiip. niixiul with 10 times its volume of 90 p. c. spiril, and the resulting precipitate 
is Hashed with spirit of tho same strength and dried. One gram of the residue is 
then ilissolvcd in 10 c.c. of water ; tho solution is mixed with 30 c. c. spirit of 56 p.c., 
1 drops of ferric chloride solution (containing 26 p.c. of the anhydrous eJiloride) and .a 
ftu'dccigrimis of pounded chalk; and after stirring briskly and leaving the liquid .at 
r>H fni* three or four minutes, the whole is thrown on a filter. Tho precipitate is 
ivjishi.d y-ith spirit of .56 p.c. and from tho filtrate the dextrin is precipitated by 
■I'Tit ot 90, or better 95 p. c. After 24 hour.s tho alcoholic liquid is decanted, .and 
‘‘c doxtriii is dissolved in a small quiant.ity of water, then dried on tho water-bath and 
jeighwi. tjjq compound of gum with ferric chloride must be dissolved in dilute 

|(K‘hloTic acid, the gum separated by precipitation with alcohol of 95 p.c. and after 

adJV of gum from the slightly alcoholic liquid by ferric chloride with 

lilt ■ t * *** complete that nothing but calcium chloride can be found in the 

solu' * other hand, tho precipitate of ferric oxide separated from pure dextrin 

hi n ! fit' contain a trace of dextrin, the whole of that substance being found 

v-risp precipitate is formed on addition of ferric cldoride alone the 

™ demonstrated ; tho clouding of the filtrate by addition of 8 or 10 

1 8 volume of 90 p.c. spirit indicates the presence of dextrin. 

naS??® A. Claus {J. pr. Chem. f2], iv. 63) in continuing his exami- 

q j ^oe products of decomposition of grape-sugar by potash in alkaline solution 
^f iclijiSt f turrived at the somewhat modified view that the acid obtained by 

’"i'Vetiil II so-called gumnuites (ii. 956) was a mixture of tartroiiic acid witii 

aiiatvgLi difficultly cri'stallisahle acids, while the crystallised mud 

quantitv f was tolerably pure tartronic add, which had separated in small 

J the evaporated mixture of acids. 

Important researchoa on the products of combustion of gun- 
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powJer fired under circumstances similar to those -wliicli exist when it is exploded in 
guns or mines have recently boon published by Captain Noble and Mr. F. A. Abel. 

The gunpowder used in tlio experiments included five kinds, viz. pebble powder, rillo 
large-grain (cannon) powder, fine-grain powder, and rifle fine-grain powder (all of 
Waltham-Abbov manufacturo), and also a spherical pellet powder of Spanish manufac- 
turo specially selected for experiment ns presenting considerable difference in compo. 
sition from the English powders. The composition of these powders is shown in tho 
following Table : — 

Table L 


Iteaidis of Analy&is of Gunj>ovders employed. 


Components, 
per ccut. 

Description of Gunpowders employed in Experiments 

Poliblo 

ixtwacr 

Waltliam 

Abbey 

nifle 

Lui-ge-gruin 

Wnlthnm 

Abiiey 

PLillc 

Fine- grain 

Wiilthain 

Abbey 

Fine-grain 

Wnitham 

Abbey 

Spanish 1 
Spherical ! 
Fobblo ; 
powder i 

' - 

Saltpetre . 
Potassium sulphate 
PoUissium chloridi- 
Sulphur 

( Carlion . 
Char- j Hydrogen 
coal i Oxygon . 

(.Ash 
Water. • 

74-67 

009 

"" 10-07 

12-12"! 

0-23 J 

0-95 

74-95 

0- 15 

10-27 

10-861 

18-62 

0-25 J 

1- 11 

7501 

Oil 

9-93 

10-67 1 

•2^6 [l* ®® 
0-21 J 

■ 0-30 

73-55 

0’.36 

1002 

11*361 

To? 

0-17] 

1-48 

7iV30 

0-27i 

0-0‘>i 

12-42 

8-65 1 

0-63 J 

0-C5: 


Tho npmratiis consisted of a mild steel vessel, of groat strength. .^Mly 
in oil, in the dmmber of whicli the charge to he explwlod was plec^. TOo mam 
orifice of the clmrabcr was closed by a screwed plug, called the hmng-plng. fitted an^l 
ground into its place with groat cxactoess. lu the ttnng-plug itself 
stopped by a plug, also ground into its place with groat accumey. and for Mr^ et 
iasulatioa, covorSl with the finest tissuo-pipnr. Two wires (one in ^e 
tile other in the plug) were inserted, and joined by a very fine platonm 
through a small glaM tube filled with mealed powder. By completing connection wi 
n Danicir-s battery, tho charge could bo fired. . . , 

Tlicre wore two oUier apertures in the chamber— one 
amingcment for letting the gases escape, tho other containing tho crushc - 
for determining tho tension at tho moment of explosion. 

Tho pressures actually observed with this apparatus varied from over 30 to 
square inch to sibout 1 ton on tho square inch. to escape, t!ie 

On opening tho oxplosion-vessol after tho gnsos had b^n 
solid products were found collected at tho bottom in a hard comp 
difficult to remove, thcro being generally an exceedingly thin (m lati, 
charges, quite an inappreciable) deposit on tho sides. , 

Tho surface of the deposit was generally perfectly smooth ^ndThroaglitlio 

almost black, colour. This colour, however, was only 

black could be porceiveil what was probably the real colour of 

olivo-green. The surface of tho deposit and the sides of tho cylmdew uaa 
greasy appearance, and were indeed greasy to tho touch. . Aod often strongly 
Tho deposit alwayw smelt powerfully of sulphuretted hyd^en, . ^popjire to 
of ammonia. It was always exceedingly deliquescent, and after a , , pasty 

the air became bbick on the surface, gradually passing over into an i y 
mass. 


As regnida tlio proportions of total solid of 

several powders, remarkable uniformity was exhibited 

tho same powder at different pressures, and no a 

tweon the proportions furnished by tho three powders chiany 
The lalgcBt grain, or pebble powder, yielded ““t 8®* ! 

powder was not greatly inferior, but was decidedly more conwa^w , 

by tho smalleefc powder (F.Cl.). i i 

The composition of the yaa furnished by die explosion or- flU i 
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g througliout remarkably uniform, but presented certain apparently well -defined 
wriall variation a, regulated by the pressure under wliicli the products were developed, 
tlie thif f being a steady increase in the proportion of carbonic anhydride, and decrease 
ill that of cjirbonic oxide, in proportion us the pressure was increased. The composl- 
of the prodi'cf** ®*bibited much greater variations, chiefly in regard to the 
fitrt'c of combination in wliich the sulphur existed. Those variations were exhibited, 
not niorely by the products obtained from the different powders, but also, and to ns 
ffpoiit an extent, by those which one and the same powder furnished at different jwos- 
Mires, and apparently without n^ferenco to the pressure, oxcoptiiig in the case of 
the very lowest (the powder occupying 10 per cent, of the total space in the 


chamber). 

Tlie reactions which occur among the powder-constitucnta, in addition to those 
which result in the development of gas of fairly uniform composition (and very uni- 
form as iTgimis the proportions which it boars to the solid), from powders not differing 
widely in constitution from each other, are susceptible of very considerable variations, 
regarding the causes of which it appears only possible to form conjectures. Any 
attempt to express, oven in a comparjitivoly complicated chemical equation, the Tiature 
of the mcbimorphosis which a gunpowder of average composition may bo considered to 
Viwlcrgo when exploded in a confined space, would therefore only bo calculated to 
i-onvcy an erroneous impression ns to the simplicity or the definilo nature of the 
fhomicjil results, and their uniformity under different conditions, while it would in 
roiility possess no important bearing upon the elucid.ation of the theory of explosion of 
gunpowder. Hut iJic experiments under consideration show decidedly that the chemi- 
i':il tlu!oryf)f the di com position of gunpowder, as based upon the results of Ihiiiscn a. 
Si'hiHchkotf, and accopted in recent text-books, is as far from representing the gene- 
ral iTu tfunerphosis of gunpowder as was the old and long-accepted theory, according 
to which the primary products were simply potassium sulphide, carbonic anhydride, 
and nitrogen. 


The principjil results of the investigation are summarized as follows, and for con- 
venience are computed upon 1 gram of powder, occupying 1 c.c. : — 

(a) Firsts with regard to powder fired m a close vessel. 

1. On explosion, i ho products of combustion consist of about 57 hundredths by weight 
of niattor wliich ultimately assumes the solid form, and 40 hundredths by weight of 

pcnnunciit gases. 

2. At the inoinont of explosion, the fluid products of combustion, doubtless in a very 
finely divided state, occupy a volume of about 0*6 c.c. 

3. At the same instant the permanent gases occupy a volume of 0'4 c.c., so that both 
tlio fluid and gaseous matter aro of approximately the sarao .specific gravitv. 

4. The permanent gases generated by the explosion of a gram of powder are such 
timt, at 0° C. and 7G0 mm. barometric prcssoi’c, they occui^y about 280 c.c,, and there- 
loni about 280 times the volume of the original powder. 

5. Tho constituents of the solid and gaseous products .are as shown in Tables II, 


Tadlb II. 

Showing illustrative Examples of the Analytical EesuUs obtained. 


Pcibbio F.o. 


leswuro of explosion in tons perl 
sqiiaro inch . \ 

ductl^®° weight of solid' pro-l 
of gaseous ppo-| 

1-4 



12-5 

10 

3.50 

3-7 

^ 

18-2 

5012 

55-17 

57-22 

6714 

58-17 

58-09 

43-88 

44-83 

42-78 

42-86 

41-83 

41-92 

I’orwnbigo ireighu of wHd products 
f^otassiiim carbonate . 

of explosion : — 
55'.50 50-15 

52-50 

05-71 

59-39 

43 00 

sulpbito 

1502 

11-03 

20-47 

8-52 

24-22 

21-00 

thiosulphate 

•20-78 

6-12 

20-37 

8-59 

5-30 

32-07 

nionosulphide 

7-41 

19-12 

402 

7-23 

5-12 

— 

sulphocyunate 

0-09 

0-23 

trace 

0-.30 

0-02 

0-23 

’’ nitrate 

0-48 

3-20 

0-56 

0-19 

0-08 

0-19 

• 

Cfifbon * • ■ « . 






— 

2-08 

0*16 

0-08 

006 

0-18 

0-15 

0-03 

0-61 

0-17 

1-25 

9-22 

5-72 

0-47 


tmee 

trace 

0-71 

— 

tr.’ice 

trace 
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Table II (continwd). 


Forcentago volumes of gaseous products : — 

Fobblo B.L.G. 


Carbonic anhydride 

. 46-66 

49-32 

48-99 

61-79 

47*41 

53'^ 

Carbonic oxide 

. 14-76 

13-36 

8-9S 

8-32 

12-35 

7-01 

34-20 

Nitrogen 

. 32-75 

3219 

35-60 

34-64 

32-35 

Snlphhydric acid . 

. 3-13 

1*96 

4-06 

2-61 

376 

203 

Marsh-gas . 

— 

0-58 

0-29 

0-41 


0-30 

Hydrogen 

2-70 

208 

207 

2-04 

4-13 

2iy 

Oxygon 

Table III. 


0-18 


016 

Siiowing the Composition 
Powder 

bg Weight of t/ie Products of Rtplosion of 
as furnished by the above Kxam^dcs. 

a Gram of 


Pebble 11.L.G-. p.Q. 



grsaa 

gram 

gram gram 

RTam 


Potassium carbonate . 

. -3115 

■3098 

•30C7 -3755 

•3454 

•2490 

„ thiosulphnto 

. *1163 

•0338 

•1166 -0491 

•0308 

•1863 

sulpliato 

. *0843 

*0658 

*1171 *0487 

•1409 

•1220 

,, sulphide 

. -0416 

*1055 

•0230 *0413 

•0298 


„ sulphocyanato 

. *0005 

•0013 

•0000 *0021 

•0001 

•0013 

., nitrate 

. *0027 

•0011 

*0032 *0011 

•0005 

-UOll 

., oxide . 

— 

— 

— — 

— 

■0173 

Ammonium sesquicarbouato . 

. *0009 

-0004 

•0003 -0009 

•0(»09 

•0002 

carbon . 

. — 

— 

•0072 — 

— 

— * 

sulphur 

. 0034 

-0340 

•0041 -0627 

•0333 

•0027 

Total srilid . 

. *5612 

*5517 

•5722 *5714 

•5817 

■5803 

Hulphhydric acid . . 

. *0134 

*0084 

•0166 *0077 

‘0154 

•0081 

Oxygen 

, - — 

— 

— — 


•000(1 

Carbonic oxide 

. -0519 

•0473 

*0303 ‘0350 

•0416 

■0268 

Carbonic anhydride 

. *2577 

•2770 

•2597 *2750 

•2512 

•2718 

Mursli'gas .... 

• — 

•0012 

•0006 ‘0015 

— 

•0009 

Hydrogen .... 

• -0007 

0005 

•0005 -0003 

•0010 

•0005 

Nitrogen .... 

, -1151 

•1139 

•1201 -1085 

■1091 

•1117 

Total gaseous 

. *4388 

•4483 

•4278 -4286 

•4183 

•4192 


6. The tension of tho products of combustion, when the powder fills entirely the 
space in which it is fired, is about 6,400 atmosplicreH, or about 42 tons per^uare inA. 

7. The tension varies with the mean density of the products of combuBtion, accord- 
ing to the law given in the equation : 

p = const. X — ?- -- .*•••• 0) 

^ 1 —ad 

where a is a constant determined from Uie experiments. The close agreement of the 
results of calculation from this form and those of experiment^ is shown in the following 
Table ' 

Table IV. 


Showing the comparison^ in tons per square inch, heiwem the fressutarce adudlg observed 
in a close vessel and those calculated from thejopnvla (1). 


Density of 
produces of 
combustion 

Value of p 
deduced from 
direct obser- 
vation 

Value of p 
deduced fi-om j 
equation (1) j 
a = -G5 j 

Density of 
proilncts of 
combiiation 

Value ofp 
deduced from 
direct obser- 
vation 

Vaineofp 

dedtto^fro® 

equatlwO) 

tfsi'Gtf 

•10 

•20 

•30 

•40 

•60 

Tons per 

1 square iuch 

1-47 

3-26 

5*33 

7-75 

10*60 

Tons per j 

Bqnarc inch 
1-56 

3-36 

5*45 

7-91 

10-84 

•60 

•70 

•80 

•90 

1-00 

Tons per 
jaquare inch . , 

u ; 

10-09,, , 

M'oa ^ 

:: 

41-7P ; 

rransW 

■oiiarsipon 

J8-70 

84-83 
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Q \bout 705 gram-units of heat are developed by the decunipositiou of 1 gram of 
J’ficv such as used in the experiments. 

^9 Tho temperature of explosion is about 2200° C. 

When pouder is fired in the bore of a gun, 

1 The products of explosion, at all events as far as regards the proportions of 
lotal solid and gaseous matters, are the Siimo as in tho case of powder fired in a close 

' work on tho projccl-ilo is effected by the clastic force due to the permanent gases. 

3*. The reduction of temperature and pressure due to the expansion of tho pernianoiit 
gasos is u> great measure compensated by tho heat storfsd up in tho liquid residue. 

^ 4. The law connecting tho tension of tlie products of explosion with the volume they 
occupy is stated in tlie equation : 

ID which p denotes tho tension and v the volume of the pi*oducts of explosion ; a the 
proportion occupied by tho solid products ; Cg and c,, the specific heats of the perma- 
nent gases at constant temperature and pressure; \ riie mean specific heat of the non- 
giiKuous products ; the ratio between the weights of the gaseous and nou-gascous 
portions of the chaige. 

The work that gunpowder is ciipable of p(;rforming in expanding in a vessel 
impervious to licat is given by the equation : 

- C 

■■ + / 8 \\ . . ( 3 ) 

0,, - C„ I \v-av,/ j 

iiiid the temperature during expansion by tho equation : 

Cjt “ 

t = t /^o( ^ °)\Cm + iSX • • • • (4) 

“ \ v-^aVf, ) 

6. The total theoretic work of gunpowder, when indefinitely expanded, is about 
832,000 gram-mot. per gi-am of powder, or 486 foot-tons per lb. of powder. 

IVith regard to one or two other points to w’hich attention was specially durocted, the 
results appair to warrant tho following conclusions : — 

1. Very small-grain powders, such as F. G. and R. F. Q., furnish very decidedly 
sraallor proportions of gaseous products then a large-^ain powder (11. L. G.) ; while 
tlio latter, again, furnishes somewhat smaller proportions than a still larger powder 
(pebble), though the difierence between the total gaseous products of these two powders 
IS conipji rati y tsly i nconsiderablc. 

” variations in tho composition of tho products of explosion furnished, in close 
niaiubei-s, by one and tho same powder under different conditions as regards pressure, 
jiiid by two powders of similar composition under the same conditions as regards pres- 
sure, are so considerable, that no value whatever cai^ be attached to any attempt to 
chemical expression to the metamorphosis of a gunpowder of normal 

foni proportions in wliich tho several constituents of solid powder-residue are 
vh' 4 much affected by slight ncddental variations in the conditions 

the explosion of one and the same powder in different experiments, as 
p'JwdCTs ^ differences in the composition as well as in the size of grain of different 

exceptional results, the solid residue fhrnished by the explosion 
s'^lphat contains, as important constituents, potassium carbouato, sulphate, thio- 
sulphide, the proportion of carbonate being very much higher, and that 
P e very much lower, tnau stated by recent investigators. 

pol, exevi. 367) has examined the reaction of gypsum 

sulphate. In the first place he has verified the previously observed 
unbumt gypsum, when mixed with solutions of certain salts, especially 
burnt gypsum with water. Equal parts by weight 
sulphate equal numbers of molecules) of pulverised selenite and potassium 

water*^ A “to a paste with water, more quickly than burnt gypsum 

P^laBsium B .,1 v though slower, may also bo observed when only jjs mol. 

^ ^ mixed with 1 mol. gypsum. The hardening of burnt gypsum 

the I addition of potassium sulphate to the water used, 

^iiaatity of » are mixed in molecnlar proportions, and stirred up with a small , 
water, the mLnturo solidifies before it can be poured out of the Tessel* 
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With eqii&l weights of watw and the mi^nre of salts just montioned, a paste is obtaiofid 
which may bo poiirod out just before it solidiries, and in solidifying exudes cnmts m’ 
potassium sulphate. Burnt gypsum, mixed with a cold-saturated solution of potassinn 
Biilphato, solidifies instantly, and the mixture cannot bo poured out of th^essel if 
the weight of the solution is less than about double of that of the gypsum. If tj,Q 
quantity of water is greater, the mixtures solidify more slowly, always, however, mor^ 
quickly tlian gypsum with water. The casts become curved in solidifying. \v]ujq 
burnt gypsum is mixed with a solution of potassium sulphate saturt^ited at the boilin-F 
heat, the mixture can scarcely bo completed before solidification takes place, Thr 
casts made with gypsum and potassium sulphate are not more compact than those 
made with water, since a largo quantity of water is required to make a mixture tliaf 
will pour out, and this makes tlie solidified masses of looser texture. But the Cfists 
obtained with potassium sulphate solution have a nacreous and satiny lustre, and are 
altogether handsomer than tlie chalky products obtained with gypsum and water. 

iSciiott confirms the Suggestion of L. Gmclin that double sulphates of calcium and 
potassium are formed in tins process. When pulverised selenite is atlded to a solution 
of potassium sulphate, and the liquid quickly stirred and filtered, the filtrate deposits 
satiny laminae having the composition 0aSCB.K-S0*.H*0. 

Potassium carbonate, stirred up with gj-psum and water, produces potassium sulphate, 
which then acts as above. Sodium sulphate does not produce the same effect. 

solution of cream of tartar docs not bring about the solidification of unburnt 
gypsum, but burnt gypsum mixed with the same solution hardens very quickly. Tlic 
ibrmation of the above-mentioned double salt, however, does not appear to take plncc, 
the casts being merely mixtures of gypsum and crystals of cream of tartar. 

On crystals of gypsum from various localities, see Jahrbuckfnr MincraloffiCt 1871. 
572, 881 ; Jahresb./ Chem. 1869, 1240; 1870, 1328 ; 1871, 1180. 

GyyiBum €L8 a Fertiliser. — The power of g^’^psum to augment the fertility of soils nmy 
doubtless bo ascribed in greiit measure to its property of facilitating the decompo^itic>ii 
of com])lQX rocks contiiining alkaline .silicates, and thereby bringing the alkalis intc) a 
condition favourable to their ready absorption by the roots of plants. 

To estimate the inten.sity of this decomposing action, A. Cossa {Gassetta ehiinka 
italianUi iii. 185) has compared the quantity of mutter dissolved, in a given time and 
within given ranges of ternporaturo, from various rocks, by a saturated solution of 
g 3 ’psum, with the quantities dissolved out of the same rocks under similar conditions 
by pure distilled water. IIo finds that 1,000 of puro water dissolve 2*10 parts 
of pure crystallised g^’psum at 16®*25 ai^l 2*352 at 22°, numbers agreeing nearly with 
thoso obtained by other experimenters. 

The rocks were reduced to very fine powder, and left for twenty days in conhict with 
a saturated solution of gyj^sum at temperatures ranging from 16° to 22°, The results 
aro given in the following Table, together with those obtained in like manner with pura 
water ; — 



Matter dissolved out 


By pure 
water 

By a 
satuxntcA 
Bolntlon of 
gypsum 


Per cent. 

Per cent. 

Gneiss, containing undecomposed orthoclaso iind^ 
potash mica 

Trachyte, decomposing, from Monte Ghioja, Vicenza . 

0*125 

0*463 

0*0037 

0*2562 

Trachyte, undecomposed, from Monte Ortona (Eugan- ? 
inn Hills) { 

0-0871 

0*138 

Trachyte, porphyroidal, decomxmsiug (contHiningl 

0-0S67 

00927 

sanidine, mica, homblondo), from S^n Pietro I- 
Montagnone (Enganian Hills) . . . j 

(W)760 

0-1930 j 

Trachyte from Daniclo 

Granite (albite, quartz, mica), from Montorfana,> 
I^goMaggioro . . . . . . ( 

0-0727 

0-207 1 

Granite (orthoclnsc, mica containing a trace of lithio,)- 

0-0090 

0‘287* 

quartz), from Bavono, Ijago Mnggioro . . / 

Felspar, white, compact, in veins in Hiorite : fromj 
Mosso, Biella { 


'0*950 


1 --0*894'' ' i 

Basalt, compact, of Monte Nuova (Euganiun Hills) . 

0-1271 ■ 

;V J 

Perlite, from Monte Sleya (Euganian Hills) .. 
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TIio solvent action exercised by ^psnm on rocks containing alkallno bilicates ma}' 
rbaps give rise to the presciico of potash, soda, and lithia in certain mineral waters, 
specially in sulphuretted waters. 


H. 


HSMATEXir. &C0 lI.lSMATOXVLix. 

BJCMATm*. % 

HBSXHATOIbZlir, r See Ih.ooD (p. 201). 

BBSMATOPORPBranr , ' 

BJEnKATOXT^blSTv C“ll'*0® =» C'“H‘'(Oir)® (F. Bcini, DeuL Chem, Ges. Ber. iv. 
329). Tliis coinpound, treated with oxidising agent.'!, yields nothing but oxalic acid ; 
and it does not form any iiitro-derivatives. With chlorine, l)roinine, pho.'jplioriis 
jiuntaehloriclo, potiissium chlorate and hydrochloric acid, and with hydriodic or 
iiydrobroiuic acid, it yields only resinous products not admitting of purification. 
Ti'<‘jitcd with sodium-amalgam, or with zinc and sulphuric acid, it docs not take up 
liydrogen. Heated with zinc-tlust, it yields only a very small quantity of a erj'stal- 
li.vahlo body su-spended in an oily liquid. 

Actiyl chloride acts easily on hsematoxylin ; and on evaporating the product over 
tlio w’atcp-bjith, pouring the romaiiiing syrupy mass into water, quickly collecting the 
curdy prccipitiito on a filter, and dissolving it, after washing, in gently heated alcohol 
or ill acotic acid, the solution on cooling deposits tho hexa cetyl -compound, 
C’*IT*(C*11*0)“0®, in tho form of extremely fino, soft, silky, cry.staUiuo tufts whieli, 
allor pressing, may be kept w'ithout sensildo alteration, but become coloured on ex- 
l'u.suro to tile air when moist. This compound may bo dried at 100° without decom- 
position. A similar substitution-product is formed with benzoyl chloride. 

When ail ollieroal solution of hmmatoxylin is mixed witli a few drops of strong 
nitric acid, hieniatein, C'"H'='0®.3H“0 (iii. 1), separates in small brown-red tufts of 
mysUils, which give off 2 niols. water over oil of vitriol and the wliolo when heated to 
130®. ]}y lulling it with zinc and sulphuric acid, or better with sulphurous acid, till 
If IS decolorised, it is reconverted into lidcmatoxylin. 

Hitinatoxyliii fused witli potash yields pyrogullic acid. This reaction shows tlint it 
iHuougs to the aromatic group, and tho formation of its hexucetyl and hexbenzoyl 
dorivjilives shows that it contains six hj'droxyl groups. 

BiBBSOCBROlBOOBBr. See Blood (p. 202). 

HBBKOG&OBlxr. See Blood (p. 198). Obsenmlions on the variations in tho 
anioiiiifc of ha?moglohiii in tho blood according to tho ago of the animal and its po.sition 
finds series have boon mado by Quinquaud rend. Ixxvii. 487). Ho 

1. 'Ihe progrcMsivo diniinution in tho amount of lisemoglobin contained in equal 
'0 uiiics of the blood, follows, as a mlo, tho stops of tho animal scale. 

■ J he blood of young animals contains less haemoglobin than that of adults. Tho 
rllini j slightly during tho first few days of extra-uterine life, rises during 

r^uiiood, remains stationary during adult life, and finally tails slowly during old 

t!ic birds is much less rich in lisemoglobin than that of mammals, but 

file n ^ globules is rather greater in the former than in tho latter, though 
1 fflobules contain only a third of tho quantity of albuminous material 
in those of birds. ^ 

5 Th *1 hare less haemoglobin than the males, 

f^rdinarv crustaceans contains 4 to 5 cubic centimeters of oxygen in 1 00, wIhtojis 

1 in the middle of winter, when completely saturated^ contains only 

Qidn 

there is an exact relation between the quantity of oxygen 
be dot “-nd the amount of haemoglobin it contains, so that the latter 

100 cub « ascertaining the former. The quantity of oxygen absorbed by 

centimeters of human blo^ is 260 c.c.i ot ox-blood 240 c.c., and of dude’s 
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blood 170 C.C. Tho quantities of iron in 1,000 grains of theso kinds of Moot 
0*63, 0-48, and 0-34 grm. respectively. According to Hoppe-Seyler’s compuut-”^*^ 
that 0*43 grm. of iron corresponds with 100 grams of lisemoglobin, the quantitios ' f 
this siibatanco in 1,000 grama of these kinds of blood are 125, 120, and 82 Bpin^* 
respectively. Tho numbers obtained by Preycr from observations with the s^tr*^ 
scope are a little higher, but bear the same proporLioua. Tho umoiiiit of Ineinoglobin 
in tho blood of tho fowl is nearly tho same as in that of the duck {Compt. rend \mvi 
1480). ' ^ 

BA&KOTBZTIS (iii. 6). A specimen of this mineral from Elba analysed bv 
A. d’Achiardi {SUL Am. J. [4], xlix. 402) was found to contain : ^ 

SIO* Al'O* MtjO CaO K’O U»0 

65 15 27-72 olO 1*15 -10-20 = 99*32. 

It is luilk-whito with black and Hcsh-colonred spots, opaque, but becomes trunslueent 
when immersed in water. 


BAXiOOBXrSt OXTOflXfoAClDB of (Kiiniincror, Pogg. Ann. cxxxviii. 8 O 0 ). 
Eiimmerer proposes to designate those acids, together w'ith hydrochloric sicid, :is 
follows 


Cl 

cm , 

ClHO . 
CIHO- 
ClHO* 
ClHO* 


Chlorine 

Chloric acid (Hydrochloric acid) 
Oxj'chloric (Hypfjchlorous) acid 
Dioxychloric ac;i(l 
Trioxychloric (Chloric) acid 
Totroxychloric (Perchloric) acid. 


Similar names are given to tlie acids of bromine and iodine. 

Bromic {Trioxyhromic) AcUL BrllO*. According to Henry, potassium bro- 
mide is converted into bromato by fusion with tho chlorate. Hammolsberg did not 
succeed in obtaining tho bromato by this pr<x'.ess. Kiimmercr, on tho other hand, 
finds that tlio formation of tho bromato really takes place, but that on account of tho 
docomposibility of tlio salt it is not easy to carry the process to a successful issue. 
The best result was obtained by fusing 10 grams of pobissium chlorate in a porcelain 
cruciblo at tho lowest possible temperature and adding, -with stirring, tho calculutcd 
quantity (or better, rather less) of potassium bromide hy small portions at a time, find 
heating till the mass had become pasty and beg:in to give off largo bubbles. Many 
experiments failed, however, in spite of all precautions, and tho yield was always below 
tho calculated amount. Addition of potassium hydrate or sodium carbonate, and tlic 
use of sodium bromide or barium bromide, did not improve the result. The potassium 
bromate may be obtained pure l^y repeated crystfillisation from water. ^ A bettor and 
surer method of preparing it is by the action of bromine on chloric acid or its pol*®- 
sium salt. Chlorine is passed into a solution of potassium carbonate (6K*C0*) till 
effervescence bcgiim, and bromine (2Br) is then added. The hypochlorous acid formed 
in the first instonce servos to oxidise the bromine : — 


2Br + 5CPO + H®0 « 2HBrO» + lOCl; 


and the chlorine thereby set free acts on tho still undecomposed potassium carhonatc, 
again producing chloric acid, carlion dioxido, and potassium chloride. To prepare ii^- 
bromic acid HBrO*, either a slow stream of hyp^hlorous anhydride, C1*0, is 
into bromine under water, or bromine is added to silver bromate suspend^ in water 1 
It no longer disappears. The acid obtained by this latter process is quite p • 
Evaporated in an open dish till decomposition began (formation of bromin^nu 
oxygen), it exhibited a strength of 4*26 p.c, HBrO*. On distilling it in a 
distillate mostly exhibited an amount of oxygen somewhat less in 
bromine than that required by the formula HBrO*. It appears, thorof^i Ajoric 
acid is not volatile under ordinai-y pressures, but splits up, on distiUabon, liM 
aci^ probably yielding a lower oxygon-compound of bromine, which = 


resolved, by prolonged contact with water, into bromic acid 
bromic acid. The boiling points of the several solutions of tho 
determined, on account of its groat tendency to decompose; to 

over, never rose above 100°. When concentrated in ft trftcuhm tili J® 
decompose, it contains 60*60 p.c. HBrO*, corresponding exactly with 
HBrO* -h 7IHO. . 

‘V 


wise 


Chloric {Tridikyohloric) Acid, HCIO*. — The aqu^y 
so exhibks, when concentrated in u vacuum, tho comjpwiMoo 
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fffavity of this hydrate at 14'2® is 1*282. If left longer in the vacuum ovi p 
hiiric Jicid, it finally attains ii dcgroo of concentration at which tumultuous ovolii- 
rimi of "iis takes place. Just before this point is attained the liquid has the coniposi- 
Son2riciO* + 0H*O. 

Iodic {Trioxy iodic) Acid, HIO®, was prepared by uccomposlng its silver salt* 
vith iodinCi as separated from tho barium salt by dilute sulphuric acid 

always contains either barium or sulphuric acifl'. All solutions of this acid, tho most 
Loiiccntrsitcd as well as tho most dilute, were found to boil extuitly at 100®. At 13° one 
n:'rt of water dissolves 1*874 pt., I-O^ Tins !iolution is viscid, cannot be filtered 
tliTouffh papiu*, on which indeed it acts like strotg sulphuric acid, converting it into a 
kiiifl of vegetjiblo parchment. It crystallises at — 17°, apparently in hexagonal plates, 
molts constantly at — and lias tho composition 2Hi()® + OH^O, analogous to that 
of tho second hydra to of chloric acid; sp. gr. = 2*1260 at 13°. Tho anhyrdride, 
r0\ lia.s A specific gravity of 4*7087 at 9®; J?'ilIiol found it to be 4*250. According to 
Kiinnafirer’s number, the atomic volume is 69*60. Further determinations of specific 
^o-iivity showed tlnit the atomic volumes of tho corresponding hydrates of chloric and 
iidie field :inj equal. 


Foi'iiinln of tho ' 

]Iydr.atc '■ 

Ainniiiit (if 




Anhydriilo 
jjer coat. 

Atomic Wcii'ht 

Specific Grravjty 

Atomic Volume 

WCMY^ + 7H=0 i 
' JlIO^ + 711-0 

yr>73 

210*5 

1*262 

166*7 

55-30 

304 

1-8256 

165*4 

' IICIO* + 15TT-() ; 

21-29 

351-5 

1161 ! 

305-2 

1 ruO“ + 151T-'0 ■ 

37-44 

i 416 

1 

1*186 1 

299*5 

: iicio" +2011-0 

10-98 j 

I 444*5 

1*128 

304-2 

j JiUF +2011-0 . 

31-lG 

1 536-0 

1 

1 1*389 

391*6 


Thu ioiTc.spoiiding solutions of the hydrogen-compounds did not exhibit this rela- 
tion. 

Periodic iTeira-oxylodic) Acid, TIIO^ — When a hot aqueous solution of tho 
f-ali, KIO', is Miixiid with a hot solution of barium nitrate, and 11 m 3 mixture heated for 
:i short tinu’, no preeipitsite is formed, even after cooling, but the liquid exhibits a 
nuid i-ujiction. If, howorcr, the acid solution bo mixed with an equivalent 
fliiiiTitity r)f potiissiiim or .sodium acetate, a procipitatoi.s immediately formed, perfectly 
nninrphou.s ;iiid not quite insoluble in water. This precipitate liiis the composition of 
b'uiglois’ salt, ami not that assigned to it by Ibammclsborg, viz,, + 

3UT‘0. Its formation is represented by tho equation : — 

KIO^ + Ba(NO»)* + 2H'-'0 BalPIO® + KNO» + HNO». 

riii.s salt is not decomposed either by the carbonate or tho sulphate of potassium or 
uiimonium. Tile reaction between potassium periodate and le«ad nitrate takes placo 
is rcprcscntod by tho equation— 

2ia0‘ + 3Pb(NO»)® + 411^0 = Pb»UXIO«)® + 2KNO» + IHNO*. 

] the acid, ITIO*, ftom tho brown silver salt, it is better to decompose 

«si salt with chlorine or bromine than with nitric acid. 

_ ini! poiyb-isipify of perimlic acid shows that iodine must bo a polyatomic oloinent, 
' if It is reganlcd us only monatomic, the Jicid in question must be represented by 
' ■ I— 0—0 — O — O — II, which is that of a monobasic acid. 

>I oftlw Halogen EUtnents in tMr Oxygen-compounds , — The order 

three clenicnts, dilorino, bromine, and iodine, is not the same in their 
theic liydrogoii-compouiuls. In the latter, as is well known, 
'll thp ”, by bromine, and bromine by chlorine ; in the oxygon-compounds, 

^rtlier r 11 *^ fhr example, chlorine is displaced by iodine. To throw 

^giit on those relations, Kammerer has studied tho following reactions 

Sp ‘ ■ action has been already described. 

Ur action in aqueous solution. 

on CIO- . ^ no action, even in presence of water, 

r from tho woll-crjstnllised ammonlnm salt which is fqmod the SdUon 
Sap. «wDonatc on barium iodato cveu .at ordinary temperatures. 
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Ion C10= 

Br on HCIO® 
Br on HCIO^ 

I on HC10« 

Cl on HBrO^ 
I oil HBpO* 
Cl on HIO» 
Cl on HIO* 
Br on HIO* 


no action in the dry state, and very little in 
of -water. . 

production of llBrO®, but in very email quantity 
production of HBrOS but only under peculiar condi 
tions, not easy to clcterniine. 

HCIO* + I = Cl + HIO^ the reaction complete on 

heating, 
no action. 

HBrO* + I - Br + HIO=*. 
no action, 
no action, 
no action. 


The mineral from the Bastnas mine, near Riddarhyttan in 
Sweden, called HydroJluoceritCt and represented, according to Hisinger’8amJyBis(1838) 
by the fomula Ce*F*0® + 4H=0 (i. 834), appears, from an analysis by A. E. Norden' 
skjdld {Fogg, Ann, cxxxvi. 628), to bo a mixture of a carbonate with a fluoride havinff 
the composition 2(LaO ; CoO)CO<* + CcF-. ® 

LrO CoO CO’ H=0 1? and 0 (Lods) 

Found . . . 46'77 28*49 lO’oO 1-00 5-23 

Calculated • . 46*15 28*60 20‘20 — 


Nordenskjold proposes to replace the old name, no-w become inapplicable, by the ilidio 
Hamartite. The mineral occurs, between crystals of allanite, in small wax-yellow 
druses haAdnga flitty lustre; it exhibits cleavago-plancs, prabably pamllol to the faces 
of a rhombic ]^rism, and two pairs of faces. Sp. gr. 4*93 ; hardness » 4, Bofori, 
the blowpipe it blackens and gives oif a very small quantity of water, then becomes 
whitish-yellow. Assured, and opaque, but does not melt. Fused with poiiissinm sul- 
phate, it gives a distinct fluorine reaction. After ignition it dissolves easilyinsulplmric 
acid with evolution of hydrofluoric acid. 


KAJtTlTB* This fossil resin, from tho ligiiito of Oberdorf, near Voitshorg in 
Styriu, occurs sometimes in small fragments or as a coating, sometimes in cryHtalH 
having a magnitude of 6 to 8 and 4 to 6 mm. Tho crystals aro tri clinic, having the 
axial angles, cb =» 74°, ca =» 86°, and ab 80° 15', where a<b<c. The observed 
faces, in tho order of their predominance, aro : ool’ao . ce fw .oP.'F. cT. afu. 
The prisms sometimes exhibit homimorphism. Tho pinacoids ore often curved, even 
to tho shapo of hooks. Cleavage parallel to the pinacoids. Sp. gr. 1*061. It 
molts at 74°, and at 150° gives off bubbles of vapour, the temperature, however, nut 
becoming stationary evon at 340° ; it solidifies from fusion at 65°, becomes negatively 
electric by friction. Its composition, according to analyses by F. Ullik, and that of 
SchrottcT already given (iii, 14), agrees with the formula OH*®, whidx requires 87'8 p.c. 
carbon and 12*2 hydrogen (J. Kumpf, JT, Chem, evii. 189). 

BAinm. Kenngott {ibid, cvi. 65) has endeavoured to bring the difftrout 
analyses of this mineral into accordance without tho assumption of isomorphous re- 
placement between Na*0 and CaO. In explanation of Uie differences between the 
Hiialysos, ho adduces the fact that water extracts from pulverisod hauyne a eubetanco 
which remains in small crystals as the water evaporates, and appears, from his obser- 
vations, to bo sodium sulphate. Frosuming that a similar process takes ^loce m 
nature, ho supposes that all the analyses of the mineral have been made with mii)- 
stance which hud previously lost soda and sulphuric acid. Ho therefore 
the amount of Na*0 to 1 molecule for every 2SiO'*, and adds to the quantity “ ° 
found by analysis, a quantity equivalent to this additional quantity of Ka*0. Accord- 
ing to tnis method of recalculation, tho four most exact analyses of hauyne give W 
nearly Uie proportion : 


2SiO« : 1A1=0» : lNa«0 : §CaO : 3SO^ 
leading to the formula 3(Na*0.{;>iO* + Al*0*.SiO*) + 2(CaO.SO*). 

BATmOPRB. The microscopic structuro of this lava from the Valbwto 
Melfi has been examined by F. Zirkel {Jahrbvch fur Minerahgie, 1870, 
hauynes, whoso actual substance is cither colourless or blue, are rmdIiB 

^lour by numerous gas-pores and imbedded pieces of glassy substaneo, 

wv..1r nlciA /lAnfainci llmti/ls* TIBl)helin. ^V1 


of ferric oxide. The rock also contains leucite ric^ in enclosed liquids; 
out foreign enclosures ; augite, molilite, magnetic iron ore, and apatite, 
felspar are absent. 

MAJtm j^eFoDDEB. 

iiMBT. ^Bunsonf {Fogg, Ann, cxli. 1 I 

Chem, Soe, J, [2], ix, 180) has devised a new method of calorimetry, ^ 


Olivin® * 


61 ; 
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cal)]o to small quantities of material, and thus facilitates the estimation of the specific 

hoiit of rtire substances. _ ^ . 

It (Icponds on the principle of measuring the quantity of ice molted by a heated 
Wy diminution of volume which the ice undersea in melting. 

Tlio instrument consists of a glass vessel a (fig. 16) in the form of a test-tube, fused 
into a vessel i, which terminates in the bent tube c. Into the upper extremity of this 
tube A graduated tube « of small calibre is inserted, and 
Intucl with fine sealing-wax into a cork A. An iron 
collar d serves tho double purpose of containing mer- 
ciirv to render tlio joint perfect, and affording tho means 
of claiiipTiig the instrument to a firm support. 

TJic inner vessel a is filled with boiled water from /t 
til a, as also is the outer vessel from /3 to X. The rest 
of tlio appiirutus from to y is filled with boiled mcr- 
ciiry. 

A cylinder of ice is formed ,iii tlio vessel b by sur- 
rounding the whole iiistriimcnt with snow. WJien tho 
niitcr congeals, the mercury is driven out through tho 
tube c. Tho scale- tube s is inserted into its place, and 
tho mercury thread adjusted to the desired position 
cither by depressing tho cork, or in a manner wliicli 
will bo dcscrilmd further on. The snbstanco to bo 
examined, after it lias been heated sufficiently and its 
tciuperaturo noted, is allowed to drop into tho water in 
tliG tuba a. Ill tho bottom of this tube a piece of 
L'olton-wnol is placed and kept in poeition by means of 
:i piece of platinum wire coiled round it. This prevents 
brenkago, and facilitates the extraction of the substance 
iiftcr tho operation is completed. The tube a is closed 
witli ii cork, to prevent change of air. 

When tho heated body under examination is introduced into tho vessel some of 
ilio surrounding ice is melted, and tho volume becomes loss. Tho mercury below 
risos, iind indicates its rise by the retraction in the graduated tube s. For relative 
iiio;\surcmmil,s of the amount of heat given up by substances, it is sufficient to obsorvo 
the inimber of divisions through which tho mercuiy is drawn back. To convert these 
millings into thermal units they must bo multiplied by a constant to bo determined 
jor each instrument by a method described in Hunsen’s paper. 

-Js the cylinder of ico surrounding the inner vessel wciglis from 40 to 50 grams, 
•mil tho quantity of ico melted in a single determination of specific heat does not 
ojKccd about 0-35 gram, it is easily seen that one cylinder of ice will suffice for about 
uu such detemi nations, so that the apparatus once sot up in tho manner above de- 
. 1 may be used for weeks if tho snow surrounding it bo renewed every morn- 
car ‘“'I? Tlio accuracy of the detorminations depends in great part on the 

SOP? H water and mercury in the instruments have been freed from ab» 

twni!? delicacy of the instrument is shown by the fact that the rise of 

m^ratui'e, produced by immersing in tho water 0-4 gram of brass at 87®, which 
^ 0*07® of tlie centigiade thermometer, will move the quicksilver 

meter ^ p^dorinietor through 20 divisions of the scale, each measuring a milli- 



®®at. For Bunsen’s determinations of the specific heats of elementary 
by the method above described, see nnt SuppUnumt, p. 665. 

if numbers found by different observers for tha 

allows nf?* • allotropic modifications of carbon agree, as the following table 
ferciit moHi 1 otliep, that their difference cannot be explained by the dif- 

ous of observation, or by the impurities of tliesiibstances employe : — 


1 ObBiatvcr 

Oharooal 

Oat 

Oarbon 

Natural 

.Graphite 

Blast 

Furnace 

Graphite 

Diamond 

Interval 
of tem- 
perature 


0*2415 

0*2000 

0*2086 

0*185 


0*1070 

0165 

01460 

01146 

0*1452 

go — 08° 
3®—! 4° 
22®— 52®, 
22®— 70'» 


o o 2 




m 
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These differencos ma]^, however, ho accounted for hy tlio rapid increase of the 
specific heat of carbon with tho temperature. If. V, Wi bcr Chem, Qea, y 

303) finds indeed that the specific lu^at of tliis elomeiit increases with the tomperat'ura 
far more rapidly than that of atiy other substance ; tlio specific heat of thodiammid fw 
exnmplo, becomini^ tlirco times as groat wlien the temperature rises from 0 ° to 200 *^ 

Weber has determined tho specific lioat of the diamond for twelve different tempera- 
tures at about equal intervals betw'oon 0 ^* and 200 °, and finds that tho mean specific 
heat Oft f. between 0 ° and the temperature f, may be calculated by the formula— 

CV* « 0 0917 + 0-000497 ^ - 0-00000012 «= . , , ( 1 ) 

This rapid variation with the temperatures, however, renders tho mean specific hent 
of but little value, and it becomes necessary to calcuhite from it the trm specific heat 
for tho temperature that is to say, the quantity of heat required to increase the 
unit of weight of tho substance at by 1 degree. This true specific heat may bo 
calculated from tho formula — 

( 2 ) 

whenco by differentiation — 

» 0-0947 + 0-000004 < - 0 00000036 . . . ( 3 ) 

This foi-mula gives the following values for tho specific heats at intervals of 60° be- 
tween 0 ° and 20 ° — 

Temperatures 0 ® 60® 100® 160“ 200® 

Actual specific heats 0*0947 0*1436 0*1906 0*2357 0‘2701 

Tho specific heat of graphite was found to be 0*1439, between 0° and 34®, mxl _■ 
0*1967 betw’ceii 0 ® and 100®, whenever its mean specific heat between 0 ® and any teiu- 
peraturo t can bo calculated from the formula— 

Co_/ - 01167 + 0*0008 

and its true specific heat at any definite temperature t from — 

7 t » 01167 + 0*0016 t, 

Finally, tho specific heat of charcoal was found by Do la Bivo and Marcct to bo 
0*2009 between 3° and 14®, and by Bcghault « 0*2415 between 8 ® and 18®, whcnco 
it appears that the porous varieties of carbon exhibit variations in their specific heat 
similar to those observed in graphite and diamond. 

Tho great increase in the specific heat of carbon ns its tomporaturo rises is quite 
sufficient to account for its deviation from the law of Dulong and Petit. If, however, 
the equation (3) be supposed to liold goodjor diamond up to tho temperature of 500° 
(which is probably not strictly true), tho specific heat of diamond at about 625® would 
be 0*52, which would be quite in accordance with the law in question, since 0*52 x 12 
= 6*24. 

^ The specific heat of carbon at temperdtiires considerably above those above men- 
tioned has been determined by Dewar {Vial. Mag. [ 4 ], xliv. 461). To determine tlio 
moan specific heat between 20 ® and 1040®, gas-carbon, graphite, cocoa-nut charcoal and 
diamond were heated in an iron tube in boiling zinc (temp, about 1040®) and then 
plunged into a water-calorimeter. The mean value of the specific heat deduced from 
the results was 0*32. 

To determine it at much higher temperatures, a cubical block of lime 2 inches i|i 
the side was pierced to tho centre with two channels a quarter of an inch wiae, rtnd in 
directions, at right angles to each oUior. Generally only one of the channels pas^i 
entirely through tho mass. Two powciful oxy-hydrogon fiames wore caused to pwy 
into these holes till tho interior was at a white heat. The carbon was then placed a 
tho point of meeting of the holes, and kept exposed to the oxy-hydrogen 5 

considerable time, whereby it was exposed to a heat estimated at 2100 ®, after whicn 
W-ns allowed to drop from tlio mass of lime into the calorimeter. niiwjir 

Tho mcjin specific heat deduced from these experiments was 0*42, 
is of opinion that tlie true specific heat at about 2000 ® must be at least 0 * 6 . " , 
so, carbon conforms at these high temperatures also to tlio law of Dulong and w 

Specific Heat of Solutions . — J. Thomsen ( Vogg. Ann. cxlii. 337) has 
the specific heats of tho aqueous solutions of seve ral acids, alkalis, and * ’^ned 

ing the rise of temperature produced in about 1000 cub. cent, of the. solution 
ill a cnlorinxetor by the combustion of a given volume of hydrogen, and ® . 

result with the rise produced under like conditions in a known weight of watof. : 

Tho rcsulte are given in the following tilde, in which column 1 give* ^ 
of molecules of water ( 11 ) present in tho solution for one molecule dfthe auWv^ ^ 
solved ; column 2 the spocilic heat of this solution; column 3 its 
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more strictly, the weight corresponding with the chemical formula of the solution. It i.s 
mven in two terms, tho first being the molecular weight of tlio substance in solution. 
So second tho sum of tlio weights of tho 'molecules of water. Column. 4 gives tho 
inoU’fnlar host of the solution, Le. tho pr<^ucts of its specific heat and molcculnr 
u'fi'dit ; column 5, tho difference between this molecular heat and tho heat wMcIl 
■woidd ho requirnd by tho water of tho solution alone ; column 6 gives tho specific 
P, vity of tho solutions ; column 7. their molecular volume ; and lastly, column 8, tho 
(iiWeiii'C between this volume and that of tho water alone. 


Speckle Heat of Solutiortfi. 


1 

2 




4 

a 

a 

7 


8 

11 

Spccitlc 

Jleiifc 

llolocule 

k. 

Vi 

g 

£ 

5 

Specific 

(Jnivlty 

ll 


§ 

g 

i» 

P 





Sulphu 

1 1 

ric Acidy SO® + nll-O. 




5 

0-545 

80 

+ 

00 

92*7 

+ 2*7 

1*4723 

115-5 

+ 

25-5 

10 

0-700 

so 

+ 

ISO 

182*0 

+ 2*0 

i*28ro 

202-0 

+ 

22-9 

20 

0-821 

80 

+ 

360 

361*2 

+ 1 2 

1*1593 

379*6 

+ 

19*6 

.10 

0-018 

80 

+ 

000 

900 

0 

1*0692 

916*6 

+ 

16-6 

. 100 

0-956 

80 

+ 

1800 

1797 

- 3 

1-0355 

1815-5 

+ 

16-5 

200 

0-977 

80 

+ 

3G00 

3595 

- 5 

1*0180 

3615*4 

+ 

15*4 





Nitric 

Acidy NO®H + nH®0. 




10 

0-7C8 

6.3 

+ 

180 

186*6 

4 6*6 

M512 

210*5 

+ 

30*6 

20 

0-819 

03 

+ 

360 

359 1 

- 0-9 

1*0851 

389*8 

+ 

20*8 

aO 

0-030 

03 

- 1 - 

900 

896 

- 4 

1*0360 

029*5 


29-5 

100 

0-063 

63 

+ 

1800 

1794 

- 6 

1*0185 

1829*2 

+ 

20*2 

200 

0-082 

63 

+ 

3600 

3597 

- 3 

1*0094 

36290 

+ 

20-0 




IfifdrocJthnc Ackl, IICl + 1 

IPO. 




1 

10 

1 

0-749 I 

30*5 

+ 

180 

162-2 

- 17-8 

1*0832 

199*0 

+ 

10-9 

20 

0 855 

30-5 

+ 

360 

338*9 

- 21-9 

1-0456 

370*2 


19‘2 

uO 

0;)32 

30*0 

+ 

900 

873 

- 27 

1*0193 

918*8 

+ 

18*8 

100 

0*964 

36*5 

+ 

1800 

1770 

- 30 

1*0100 

18185 

+ 

18*5 

200 

0-970 

36*0 

+ 

3600 

3561 

- 30 

1*0052 

3617*7 

•l- 

177 





Tariario Acidy + i 

iH-0. 




10 

0-745 

150 

+ 

180 

246 

+ 66 

1*2409 

265*9 

+ 

85*9 

2,5 

0*850 

150 

+ 

450 

513 

+ 63 

1*1220 

534*3 

+ 

84*3 

60 

0*011 

150 

+ 

900 

957 

+ 57 

1*0677 

083*4 

+ 

83*4 

100 

0-952 

150 

+ 

1800 

1856 

+ 56 

1*0358 

1882*5 

+ 

82*5 

200 

0*075 

150 

+ 

3600 

3656 

+ 66 

1*0186 

3681*3 

+ 

81*3 


1 


Sodium Hydratey NaOH + 

dH»0. 




7.1 

15 

30 

50 

100 

200 

0-847 

40 

+ 

135 

148*2 

• 1 - 13*2 

1*2576 

130*2 

+ 

4*2 

0*878 

40 

+ 

270 

272*2 

+ 2*2 

1-1450 

270*7 

+ 

0*7 

0*919 

40 

+ 

540 

533 

- 7 

1*0782 

6370 

— 

2*1 

0*942 

40 

+ 

000 

885 

- 16 

1*0486 

806*4 

— 

3*6 

0*968 

40 


1800 

1781 

- 19 

1*0246 

1795*9 

— 

4-1 

0*983 

40 

+ 

3600 

3578 

- 22 

1-0124 

3594*8 

“■ 

6*2 
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Specie Heat of Solutions. 


! 

1 : 

n 

i 

i 

2 

specific 

lloat 

■ . 1 

1 

! 

Molecule 

i 

1 

4 

u 

*5 1; 

II 

Difference o 

(; 

Spccillc 

Gravity 

Moleculnr 

Volume 

R 

1 

1 


1 1 
Potassium Hydrate^ 

1 

KHO + 

1 

nir-0. 

1 


30 

0-876 

56 + 540 

522 

- 18 

1-0887 

547-5 

+ 7-5 

50 

0-916 

56 + 000 

876 

- 21 

1-0550 

906-3 

+ 6-3 

11‘0 

0-054 

56 + 1800 

1770 

- 30 

1-0284 

1804-9 

+ 4-0 

200 

0-975 

50 3600 

3565 

- 35 

1-0144 

3604*1 

+ 4*1 



Ammonium 

Hydrate^ NH^OII 

4 nU®0. 



30 

0-907 

35 + 540 

573 

4- 33 

0-9878 

5821 

+ 42-1 

50 

0-999 

35 + 900 

934 

4- 34 

0-9927 

941*9 

+ 41-9 

100 

0-099 

35 -f 1800 

1833 

+ 33 

0-9907 

1841-2 

+ 41-2 



Sodium Cldoride^ NsiCl + nlI-0. 



10 

0-791 

58-5 + 180 

188-5 

+ 8-5 

1*1872 

200-0 

f 20*0 

20 

0-863 

58*5 + 360 

361 0 

-h 1-0 

1-1033 

379*3 

+ 19*3 

30 

0-895 

58-5 + 540 

536 

- 4 

1*0718 

558*4 

4 18-4 

50 

0-931 

58-5 + 900 

892 

- 8 

1*0444 

917*8 

+ 17-8 

100 

0*962 

58*5 + 1800 

1788 

- 12 

1-0234 

1816*1 

+ 16-1 

200 1 

0*078 

58*5 + 3600 

3578 

“ 22 

1-0118 

3616-0 

+ 16-0 



Potassiuni 

Chloride, KCl + 




15 

0*761 1 

74*6 + 270 

262-4 

- 70 

1*1468 

300*4 

+ 30-4 

30 

0-850 

74*6 + 540 

522-4 

- 17-4 

1*0800 

569*0 

+ 29-0 

50 

0-904 

74*6 + 900 

881 

~ 10 

1*0496 

928*2 

+ 28-2 

100 

0-948 

74-6 4- 1800 

1775 

- 25 

1-0258 

1827*3 

+ 27-3 

200 

0-070 

74*6 + 3600 

3565 

- 35 

1-0136 

3625*0 

+ 26*0 



Ammoniim Chloride^ NH*C1 4 

nffO. 



1 

n 

0-760 

53*5 + 135 

143*3 

4- 8*3 

1*0718 

1759 

+ 40-0 

10 

0*778 

53*5 + 180 

181*6 

4- 1*6 

1*0664 

219*0 

+ 39*0 

25 

0-881 

53*5 + 450 

443*6 

- 6*4 

1*0314 

488*2 

4 38*2 

50 

0-937 

53*5 -f 900 

803 

- 7 

1*0167 

937*8 

4 87*8 

100 

0-966 

53-5 + 1800 

1791 

- 9 

1*0086 

1837-7 

4 37*7 

200 

0*982 

53*5 + 3600 

3588 

- 12 

1*0044 

3637-6 

4 37*6 



Soditmi HitraUt NaNO* + nH^O. 



10 

0*769 

85 + 180 

203*8 

4- 23*8 

1*2471 

212*5 

4 82-5 

25 

0*868 

85 4- 450 

4817 

4- 11*7 

1*1187 

460*1 

+ 30^ ; 

50 

0*918 

85 4- 000 

004 

+ 4 

1*0600 

929*2 

4 

• - OC'Q 

100 

0*950 

85 4- 1800 

1791 

- 0 

l-OSll 

I62d*2 


200 

0*975 

80 + .8600 

3501 

- 7 

1-0160 

8627-<l 
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! ^ ! - 

1 ! Speriflc 

I lleut 

Arolccnlo 

4 

k 

ll 

Difference n 

. 

Plwciflc 

1 Gnivity ; 

7 

9 B 

1 'ok® 

1 ^ 

Difference * 


1 


1 

■ 





Potassium Nitrate^ KNO=* + 

nIt-0. 




25 

0-832 

101 

- 1 - 450 

458*4 


1*1228 

490-7 

+ 

40*7 

50 

0*901 

101 

+ 900 

902 

H - 2 

1*0651 

939-8 

+ 

30*8 

100 

0-942 

101 

+ 1800 

1791 

- !) 

1*0336 

1839*2 

+ 

39-2 

200 

0-966 

101 

+ 3600 

3575 

- 25 j 

1*0173 

3638*3 

+ 

38*3 



Aiiwmiiiim ICitrate^ !NH-*.NO* H 

r iiir-0. 




5 

0697 

80 

- 1 - 90 

118*7 

+ 28-7 j 

1-2016 

141*1 

+ 

51*1 

20 

0-859 

80 

+ 360 

378*0 

+ IS 

1-0743 

409*6 

+ 

49*6 

50 

0020 

80 

+ 900 

010 

+ 10 

1*0331 

948*6 

+ 

48*6 

100 

0*962 

80 

+ 1800 

1808 

+ 8 

1*0180 

1846*8 

+ 

46*8 




Sodium Carbonate, 

Na=CO» + 

iiIPO. 




50 

0*896 

106 

+ 900 

901 

+ 1 

1*1131 

003-8 

+ 

3*8 

100 

0*933 

106 

+ 1800 

1778 

- 22 

1*0593 

1799*3 


0*7 

200 

0*958 

106 

<f 3000 

3550 


1*0306 

3596*0 

— 

4*0 




Sodium S 

ilphate, Na=»SO' + 





65 

0*802 

142 

+ 1170 

1170 

0 

1*1010 

1191-6 

+ 

21-6 

100 

0*020 

142 

+ 1800 

1787 

^ 13 

1*0675 

1819*5 

+ 

19-2 

200 

0-055 

i 

1^2 

+ 3600 

3574 

- 26 

1-0350 

3615*4 

+ 

15*4 



Ammonium S 

tr2)hate, (NH*)'SO< 

+ nH^C 




30 

0*820 

132 

+ 540 

551 

+ 11 

1-1148 

602-8 

+ 

62*8 

50 

0*871 

132 

+ 900 

899 

- 1 

1*0774 

267-6 

H - 

57*0 

100 

0*924 

132 

+ 1800 

1785 

- 15 

1*0420 

1854*1 

+ 

64-1 

200 

0*259 

132 

+ 3600 

3579 

- 21 

1*0214 

3653*8 

+ 

53*8 



Magnesium 

Sulphate, MgSO^ 

+ nH-O. 




20 

0*744 

120 

+ 360 

357 

- 3 

1*2864 

373-1 

+ 

13*1 

50 

0-857 

120 

+ 800 

874 

- 26 

1-1253 

906-4 

+ 

6*4 

100 

0*917 

120 

+ 1800 

1761 

- 39 

1*0649 

1803-0 

+ 

3*0 

200 

0*952 

120 

+ 8600 

3541 

- 59 

1-0334 

3699-8 

— 

0*2 


1 


Sodiim Acetate, NnC=II*0= + 

nH*0. 




20 

0-884 

82 

+ 860 

391 

+ 31 

1-0993 

402-1 

+ 

42-1 

50 

0*938 

82 

+ 900 

921 

+ 21 

1-0442 

940*4 

+ 

40*4 

lOO 

0 - 965 * 

' 82 

+ 1800 

1817 

+ 17 

1-0230 

1839*7 

+ 

39-7 

200 

0*983 

82 

■r 3600 

3620 

+ 20 

1-0120 

1 

3638-3 

+ 

38*3 


coo 


hi:at. 

Spccijic Heal of SoliUioiis. 


n + 200H=O. 


KBr 

‘2 

0*962 

119 + 3000 

A 

3578 

r, 

- 22 

6 

1*0236 

7 

3633 

8 

r g<J 

NH«Br . 

OOG8 

08 + 3600 

3580 

- 20 

1*0164 

3642 

•f- 42 
+ 31 
+ 44 

NkI 

0*954 

150 + 3600 

3578 

- 22 

1*0318 

3034 

KI . 

0*950 

166 4- 

3600 

3578 

~ 22 

1*0355 

3644 

NH^I 

o-9g;j 

145 + 3600 

3606 

1- 6 

1*0248 

3654 


Bad- . 

0*932 

208 + 3600 

3519 

- 51 

1*0502 

3626 

26 

CaCl- . 

0*957 

111 -1- 

3600 

3551 

- 49 

1*0253 

3619 

19 

K^O.SO* . 

0*940 

174 + 3600 

3548 1 

- 52 

1*0380 

3636 1 

! 4- 36 

ZnO.SO* . 

0-947 

IGl + 3600 

3562 1 

1 - 38 

1 1*0455 

3598 1 

i •" 2 

PeO.SO” . 

0*951 

152 + 

3600 

3568 i 

i 32 

1*0413 

3603 

4- 0 

CuO.SO * . 

0*953 

159 + 3600 

3583 1 

! - 17 

1*0444 

3599 

- 1 

BaO.N-CP 

0-933 

261 + 3600 

3602 

+ 2 

1-0584 

3648 

■r 48 

PbON-0- 

0-910 

331 + 

3600 

3613 1 

+ 13 

1*0771 

3649 

4- 49 


Tho niiniljcra in colimin 4 of the preceding iiihles express the watcr^value of the 
solution, that is tho weight of water which rcsquircs tlio same amount of heat as the 
molecular weight of tho solution, and the table shows that this water-value differs in 
most cases but little from the amount of water present in the solution. In the case of 
siilphiuric acid for exiiinplc, the solution with 5 molecules of water has a water-value 
of 92'7i the weight of the mohicules of water in the solution being 90, that of the 
whole molecule 170; in the solution with dO molecules of water, these values arc 
900, 900 and 980 respectively. In still more dilute solutions tho water-value sinks 
oven below llio molecular weight of tho water actually present. Similar phenomemi 
are observed in most other solutions. The differences in column 5 are generally 
positive in concentrated solutions, gradually sink to zero, and become negative in 
dilute solution. In some few cases, as with hydrochloric acid and potassium hydrate, 
they are always negative. 

Previous researches by other experimenters, as well as those of Thomsen, have shown 
that when iin.aqucious solution is mixed with water, contraction takes place, i.e. the 
volume of the solution is less than tho mm of tho volumes of tho constituent liquids ; 
thus (p. d97) 270*7 volumes cif a .«<oda-Holution NnHO + 1511*0, mixed with Id 
molecules or 270 volumes of water, give, not 640, but only 537*9 volumes; and tlio 
foregoing experiments show that when an aqueous solution is mixed with water; tho 
resulting solution has a lower molecular heat than tho sum of tho molecular heats of 
the constjtuonts ; c.g. the sumo soda-solution requires 272*2 units of heat to raise 
its temperature by a certain amount ; but when mixed with 270 grams of water it 
requires for that purpose, not 542*2, but only 533 unita. A similar relation is found 
when acids and alkalis are mixed. When potash or soda is neutralised with hydro- 
chloric, nitric, or sulphuric acid, tlio mol ecubor heat of the resulting compound is higher 
than the sum of the molecular heats of tho constituents, while on the other hand it is 
found that these potassium and sodium salts have a molecular volume greater than 
the sum of the volumes of their constituents; in other words expansion has toheu place 
during combination. In the case of ammonia salts tho reverse takes place. Gontoic- 
tion is tho result of tho comhinutiou, and tho molecular boat of the compound is les» 
than the sum of the molecular heats of tlie constitnonts. 

Marignnc (iV. Arch. Ph. Jiat. xxxix. 217) has estimated tho specific heats of various 
aqueous solutions, and of tho solution of sulphur, phosphorus, iodine, and br^in® 
carbon sulphide, by determining tho relative weights of water and of the Ijqwd ttna® 
exaunnation, which are heated to the same temperature by equal quantities of n^ • 
Tho source of heat -was a mercurial thermometer with a largo bulb, heated to o5*^.* 
Harignacs results with eulphuric acid, hydrochloric acid, and sodium 
nearly with tlioso of Thomson. Tho following table contains his detennim^ons off 
Sjpocinc heats of other aqueous solutions of tho two sodium sulphates and of 
those of the solutions of the bodies above mentioned in carbon sulphide.^ The ^ 
bersin the several columns have the same signification as those in the first four ehiiun 
of Thomsen's table. 
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fijiecifie Heals of Aqtiaius &int!aits. 


" 

Siiocillc Iteafc 

3rok-ciilar Wolglit j 

liroieeiiliir Heat 



! 1 

Sodium SnliihitCy N.vSO* + /;Aq. 


."lO 

o-sano 

1 

1042 ! 

02G-3 

101) 

o-oaio 

1942 ; 

1815 

2(){» 

00025 

3742 : 

3602 

100 

0J)Ho5 

7342 ; 

7199 

Sfidt H ili-Hi/drngeii Safi 

hafp, N:iILS0‘ vjA 

'1- 

2ri 

0-8083 

570 

495 

50 

0 9110 

1020 

933 

100 

0-9497 

1920 

1823 

200 

0-9719 

3720 

3G15 


Sugar, C'-II 

II 

C 

+ 


25 

0-7558 

792 i 

598-6 

50 

0-8425 

1242 . 1 

1046. 

100 

0-9091 

2142 1 

1047 

200 

0-9500 

3942 1 

3745 

400 

0-0742 

7542 j 

7347 

SjtecfJic Heats of Solutions in Carhmi Sulphide, 

n 

j Specific Heat 

1 Moluculiir Weight 

^[olcoulav Iloat 


Sid^phur, 

S + mCS*. 


1 

0-229 

108 

24-7 

2 

0-232 

184 

42-8 

4 

0-232 

33G 

77-9 

lu 

0-235 

792 

18G'0 


Phosphorus 

P + «CS®. 


V 

.1 

0-219 

50 

10-9 

i 

0-222 

69 

15-3 

1 

0-225 

107 

24-2 

2 

0-229 

183 

41-9 

4 

0-2295 

335 

76 9 


Iodine^ 

I + »CS®. 


10 

1 0-919 

887 

194 

20 

1 0-228 

1 

1 1047 

37C 


BromUiet Br + »?CS®. 


I 

1 

0-174 

1 . . . 166 . 

27-1 
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Tlicse Bolutloiis ill OArbon-sulpliiJe differ considerably in their boliaviour from 
aqueous solutions of acids and salts. The molecular heat of the mixture of bromine 
and carbon sulphide is exactly equal to the sum of the molecular heats of the two 
liquids. In like mannor iodine dissolves in wbon sulphidu without perceptible 
diminution of the specific heat which belongs to it in the fiiscd Rtato. When diminu. 
tion takes place, as in tlio case of sulphur and phosphorus, it is confined within narrow 
limits, and the molecular heat of the solution never becomes less than that of the 
solvent alone. 

R'ispectiiig the Specific Heats of Mixtures of Ethyl Alcohol and Methyl Alcohol 
with Water, see E thvl Alcohol (p. 475) and Mkthyl Alcohol ; of Ethyl Alcohol 
W'ith Carbon Sulphide, Chloroform, and Henzehe, see p. 477- 

Itclations between the Specific Heats of Mixtures and the Heat evolved in their Form- 
atiofA. — These relations have been investigated by A. Dupre {Proe, Hoy, Soc, xx. 336) 
chietly in the ciiso of mixtures of methyl alcohol and water. ' 

1. The diflfcrence between the number of beat-units evolved during the mixing of 
given weights of two substances, at the tejupcratiircs t and t' respectively, is equiil to 
the difibrence between the number of heat-units required to raise the mixture, and 
that required to raise the two constituents taken separately, from the lower to the 
higher tumpcniturc. Or let U and U, lie the units of heat evolved by mixing x niul 
y at the temperatures t and t' respectively ; S, S", and S'', tlie specific heat of the 
mixture s and its constituents x and y respectively ; then 

U— U' = ^ . S(^ - t')—{x . S'(i - f) + - O}. 

2. If more units of heat are evolved at the higher than at the lower temperature, 
the specific heat of the resulting mixture will bo below the calculated mean, and vice 
ixrsA. 

3. The absorption of a lesser number of heat-units will of course bo equivalent to 
the evolution of a greater nuiiiber, while the absorption of a greater number will bo 
equivalent to the evolution of a smaller number of heat-units. 

A great many mixtures of various liquids have boon found to conform us closely as 
can be expected with proposition 1. If these propositions prove to bo an exposition of 
n general law, it will be possible to calculate the specific heat of one constituent of n 
mixture or solution, if the specific heat of the other constituent^ the specific heat of tlio 
mixture, and the heat evolved or absorbed at twodifiTerent temperatures between which 
tbeso specific heats have been estimated, be known. It will also bo possible to com- 
pare tlio specific heats of liquid and solid substances when both are placed under similar 
conditions. 

Bzpansloii Beat. 1. Of Gases. Amugat {N. Arch. Phys, Hat. x1. 320; 
xli. 365) has determined the expansions of sulphurous anhydride and carbonic anhy- 
dride, .as compared with air between the temperatUTes of 0® and 260®, The following 
table gives the numbers calculated from the experimental data, tlio expansion-cocfll- 
cient of air between the .nbove limits being supposed to be constant and equal to 
0*00367 - 


I 

Sulphurous Anhydride 

Carbonic Anhydride 

At 0® 



0*003724 

Between 0® and 10® . 

0004233 

— 

„ 10® and 20® . 

0*004005 

— 

At SO® 

0*003846 

0*003704 

„ 100® . . 

0*003757 

0*008695 

„ ISO® .... 

0*003718 

0*008690 

„ 200® .... 

! 0*003685 

0*008687 

„ 260® .. . 

0*003685 

0*008682 


TJie coefficient 
temperature^ at i 

260®, above which it apparently remains constant. It appears, 
towards a limit different from that of atmospheric air, namelv 0*00874.^ ^ 

anhydride shows a similar result; the coefficient diminishes, though sl^nuy,np ^ 
about 200®, above which temperature it appears to remain oOD0tant at 0*003ow» 
also slightly higher than that of atmospheric air. xVhiis 

2. Of Aqueous Bolntions. — Marignac {Ann. Cham. Phya. 
made a series of observations on the density and expansiWlity of 
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fho expansion being measured by moans of dilatometcrs— that is, laigo-sizod tliermo- 
iiieters with bulbs of 25 to 28 c.c. capacity. The divisions on tlie stem allowed varia- 
tions amounting to no more than of the total volume to bo read off. No por- 

ciuitiblo variation could be dctoctecL:ru the volume of a solution, when kept at a con- 
stant temperature during several days, tho first observation being made as soon as 
possible after tlie solution was prepared. 

^ Tho following tables give tho densities, molecular volumes, and coefficient of expan - 
liion, at 20°, of various aqueous solutions. Column n gives tho number of molecules 
of water present; D, tho density of tho solution; \V, its molecular weight ; V, itsmolc- 
oularvolumo (water = 18); V — 18m, tlic differenco between the molecular volumo 
of tlie solution and that of tho water W'hich it contains ; E, tho coefficient of expansion ; 
:ill at 20°. 

Sulphuric Avid, Il-SO^ + «Aq. 


» 

D 

W 


V-18rt 1 E 

0 • ■ • 

1*83211 

98 

53*40 

53*40 

0*0005585 


1*41317 

188 

132*80 

42-80 

0*0005660 

10 . . ■ 

1 ■28090 

278 

220*08 

40*08 

00005845 

If) • 

1*19033 

308 

308*00 

38-00 

0-0005097 

: 2;") . . . 1 

1*12292 

548 

487-14 

37-14 

0*0004975 

! 50 

1*00451 

998 

935*9 

35*0 

00003807 

: 100 . . . 1 

1*03251 

1898 

1835*0 

35*0 

0-0003107 

1 200 . . . i 

1 1*01592 

3008 

3633*0 

33*0 1 

0-0002602 

! 400 . . . 1 

i 1*00728 

7298 

7232*8 

32*8 1 

0-0002339 ! 

i ntor . 

1 ; 

‘ 0*99820 

18 

IS 

— 

~ I 


Tho continued docroaso of tho numbers in the lust column shows that, whether 
sulphuric acid itself bo mixed with water, or a dilute sulphuric acid bo still fimther 
diluted, contraction always results. 


Sodium Sidphaie, Na®SO* + «Aq. 


1 

n 

D 

W 

V 

V-1S» 

E 

i 25 . . . 

1-23443 

592 

478*7 

28*7 

0-0001102 

! 50 

M2645 

1042 

923-4 

23-4 

0*0003608 

! 101) 

1*06545 ! 

1942 

18195 

19-5 

0-0003051 

' 200 

1*03287 1 

3742 

3616-6 

160 

1 0-0002599 

1 400 

1*01586 

7342 

7214*8 

14*8 

0-0002344 


Thts table sliows that contraction takes place when a solution of sodium sulphato is 
diluted with water. 


Acid Sodium Sulphate, NaHSO* + «Aq. 


n 

D 

W 

V 

V-18» 

E 

25 

1-17063 

670 

486-1 

36-1 

0-0005554 

50 

1-09168 

1020 

032-7 

32-7 

0-0004349 

100 . ] ■ 

1-04718 

1920 

1830-3 

30 3 

0-0003300 

-00 . * ] 

1-02357 

3720 

8628-0 

28-0 

0-0002776 
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It will be seen tlijit the molecular volnmo of tho acid sulphate is always abore that 
of tho mean of the sulphuric acid aiul noutral sulphato ; so tlwt when a sohltiou of 
iiculrsil sulpUiitc is mixed with sulphuric nckl, expansion always takes place. 

Hydrochloric Acul^ HCl + i*Aq. 



! i> 

W 

V 

Y-18rt 

E 

fl-O' 

. ! ri2030 

149 

132-77 

20-27 

0-0004546 

12-dO 

! . i 1-06700 

201-5 

244-65 

19-65 

0-00034GO 

. ! 1-03500 

486*5 

469-23 

19-23 

0-0002709 

1 

! Ol) 
i 100 
i 200 

. ' 1-01755 

036-.5 

918-75 

18-75 

0-0002304 

1-00815 

1836-5 

1818-42 

i 18-42 

0-0002240 

. : 1-00330 

3036-.> 

3618-23 

j 18-23 

0-0002107 


Bodiiim Chloride^ NaCl + »Aq. 



I) 

W 

V 

_ 

Y-lStt 

E 

12-5 . 

25 . . . 1 

(JO . . . 1 

1*15292 

283-5 

245-47 

20-47 

0-0004135 

1-08207 

508-5 

469*12 

19-12 

0-0003530 

1-01227 

958-5 

918-02 

18-02 

0-0002060 

100 . . • 1 
200 

1 1-02009 

1 1-00965 

1858-5 

3658-0 

1817-06 

3017*58 

17-66 

17-68 

0-0002532 

0-0002305. 


Sugar, C‘-n--0“ + wAq. 


n 

D 

W 

V 

Y-18/1 

£ 

2*1 « • • 

50 

100 

200 

400 

1-19242 

1-11506 

1 -06333 
1-03265 
1-01594 

. 

792 

1242 

2142 

3942 

7542 

663-0 

1111-9 

2010-9 

1 3810-8 

7410-8 

213-0 

211-9 

210-9 

210-8 

210-8 

0-0003434 
0-0002985 
.0-0002595 
0-0002312 
• 0-0002118 

1 


llicse results show Oiat. in a mixture of a solution with rf 

expansion of the mixture is higher than the mean of tho jif^on of a 

the two constituent liquids. They also wnflrm the general os the 

solution is uttended with contraction. ^Him that 

temperature at which Uio mixture is iMde nso^ so that it ^ be 

at temperatures sufficienUy elevated the dilution of a solution would no long 
accompanied by contraction of volume. i, + nnd expannon 

As a general result of his experiments on tho specifc heat, .^^tion is 

of solutions. Msrignac conclnd^ that the state of combinatoon ^ o, 

invariahle, and is established immediately and the volume 

dilution, ihis conclusion is strengthened by tlie feet already nolM „„a:Ktinin of 
of n solution remains constant at tho same temj^eratOTO, ^ that of two 

temperature is established as qiiickly on the mixing of two solutions 
masses of water at different tomperotures. ^ exact 

nurtoii Mid SolMUnatlan. ^rtmmtwnj>f ■afeJ<*W„^/*7irt^L«Lnonds 


determination of melting ilointo, E. Kopp Watt. C^. ff«. 

1 the use of a mercuiy-bnth instead of an oil- or water-bath. The • . pfa g point 
on the merenry. and covered with asiMll funnel ^ ^'?l,f*2Sbrt8n»B 1» •“5 

and die solidifying point can be observed most^ify if fte 

becomes transparent when fysed. Substances which O'd t<»l2 

Introddced into a little conical capiUnry tube, which, after bsebn^ 

mntimeter before the surfeee of the mercury. A* soon as thesntewqd^^ ^ 
or begins to melt, it is foreed out of tho tube and appeaw nbo?e the : ' ^ 

of a ChMgo of Dauiti/ «po» JMl^, ^*-7^ 

....„.i;.T.ical theory of heat, which requires that the melting ] 
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i.i'conling as the specific gw-vity is increased or dimiulshed, F. Mohr (Jnn. CA. Pharm. 
clxii. 61-57) has found by experiment that, in the case of garnets, fusion lowers the 
incU-ing j^oirit at the same time that it diminishes the specific gravity. 

Mdtiiig and SolWfifing Points of Fata, — V, lludorff {Pogg. Ann, cxlv. 279), after 
testing all the usual methods fur determining tiie melting i}ointB of fats, finds that the 
most concordant results are obtained by covering a thermometer-bulb with a layer of 
f;it about 3 mm. thick, immersing it in hot watei-, and observing the temperatures at 
which the fat begins to separate from the bulb and to ascend through the water. 

The solidifying points of some fats v/ere determined by observing the temperatures 
at which they became solid whilst they wore violently agitated ; but with the glyce- 
rides and some other fats ; which exhibit a rise of temperature during solidification, it 
wiis found best to tjilccas solidifying point that temperature to which tlio thermometer 
i-iscs during solidifying. 

The following tsible exhibits the results : — 




^Tclts at 


Temperature 



Solidifies at 

riscM during 
solidification to 




°C, 

°a 




63-4 \ 

61*6 



Yellow bees’-wax . 


62*6 





[ 

62‘3 


Wliilc bees’-wax . 


61-8 

61-6 

. 


( 

J 

49-6 

62*6 to 64 

49-6 

63 

.... 

.1 iiriiiim . 

i 

63 

62*9 




I 

62*7 to 63*2 

62-7 



Spermaceti . 

! 

i 

43-6 

441 to 44-3 

43-4 

44*2 

■ - 



65*3 

66*2 


Stearic acid 


60*2 to 66-6 

66 '8 




( 

56 0 to 64-4 

56-7 


Japan wax . 


50-4 to 51*0 

— 

60-8 

Cacao butter 

, 

33-5 

— 

27*4 

Nutmeg butter 

, 

70 to 80 

— 

41-7- 41-8 

Mutton suet 
beef suet 

’ 1 

46*5 to 47-4 

43-5 to 45 0 

32 to SC 

27 to 36 

1 Several degrees 


The phenomenon of a rise of temperature during solidification was also tibscrvcd i» 
iirtificial mixtures of fats ; for instance, of spermaceti and stearic acid, and of paraffin 
and stearic acid, and is probably duo to tho constantly varying composition of the 
liquid remaining behind during partial solidification. *A change in composition as 
solidification goes on may possibly also explain the great interval of temperature 
d living which beef and mutton suet pass from the liquid into the solid state. 

All apparatus for determining the melting points of organic bodies is described by 
J. Ixiwc {Dingl, polgt, J, cci. 250 ; Chew, Soc, J, [2], ix. 973). 

ior De Coppot's experiments on the Solidification of Saline Solutions, see Atm, 
Chim. Phys, [4], xxiii. 366 ; Clicm, Soc, J, [2], x. 1062. 

Thermlo PtaeBomena aeoompaBylng iUlotroplo aad ZBoinerlo TraBB« 

According to Bertholot rewrf. Ixx. 941), 1 gram of octohcdrsl 

A . dissolving in carbon sulphide absorbs 12,800 units of heat (gram-degrees). 

Person, the heat of fusion of octohedml sulphur is 9,400 units for 1 gram, 
mholot ilnds, moreover, tlio transformation of amorpihous soluble sulphur into octo- 
ijirtral sulphur under tlio influence of aqueous sulphydric acid is attended with tho nh- 
2.000 units of heat for 1 gram, and that of insoluble sulphur from flowera 
sulphur into octohedral sulphur, witli the development of 2,700 units. Hence it 
the transformation of insoluble into octohedral sulphur at 186® is not 
■ with evolution or with absorption of heat. The conversion of prismatic 

soQu n sulphur develops, according to Mitschorlich, 2,300 units of lieat : oon- 
the transformation of prismatic into amorphous insoluble sulphur iit ordi- 
develops about 6,000 units. Accordingly the transformation of dis- 
ortlin iuto inisoluble sulphur under the influence of direct sunlight at 

that ^*’''P®rature8 ie attended with a development of 12*800 units for 1 gram, and 
wUich takes place in ordinary sulphur at about 118® after ftision is likewise ati- 
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tended with development of heat. Light seems to incite the change, but does not 
effect the actual work of transfornuition. 

Bospecting the heat-phenomena attondin]^ the transformation of cyanic acid into 
cyamelide, and of cyatnolido into cyanuric acid, see Sui^pl, (p. 618). 

Beat of cnemlcal Aotioa. 


I. Beat developed in tbe Combination of the Blementary Bodies. 

A. In the Cn iiihinritions of ITt/droffen with the Non •metal lie El emeu I a. 
— J. Thomsen {Veut. Chem.. Ges. lUir, iv. 941 ; v. 769) has determined the affinity of 
hydrogen for tlio non-mcUllic elciuolils, as measured by the quantities of heat evolved 
in their several combinatious, with tlie following results: — 

1. Chlorine. — The affinity between hydi-ogon and chlorine, estimated byburninw 

chlorine in an atmosphere of dry hydrogen, giivo — “ 

(11,01) = 22,000 heat-units, 

a number differing coii.siderably from that obt>iiiiod by Pavro a. Silbermauu, viz. 
23,783 (iii. 100). 

I'or the absorption of hydrochloric acid gas by w’ator, Thomsen finds — 

(IICl.Aq) =* 17,314 heat-units, 

when 400 juol. water are present to each molecule of hydrogen chloride. Hence tor 
the formiition of hydrochloric acid in aqueous solution, wo have — 

(H,Cl,Aq) sa 39,315 hcat-iiuits. 

2. Bromine. — The affinity of bromine for hydrogen was determined from the heat 
evolved in the decomposition of an aqueous solution of potassium bromide by eliloriue, 
which gives — 

(KBrAq,Cl) =* 11,478 heiit-units. 

Burtlicr it is known that (Br,Aq) =» 539 h.-u. ; (11,01, Aq) =» 39,315 h.-u. *, KlIOAq, 
HClAq ■= 13,740 h.-u. and (KHOAq.HBrAq)- 1 3,750 h.-ii. : hence, by calculation— 

(BrAqJl) = 27,837 heat-units, 

(Br,n,Aq) := 28,370 

Further, the absorption of hydrobromic acid gas by water gives 
(IlBr,Aq) 19,207 heat-units : 


consequently, for the affinity between bromine and hydrogen we have — 
(H,Br) *■ 8,440 heat-units. 


3. Iodine . — The affinity of hydrogen for iodine was determined in liko manner by 
the decomposition of aqueous potassium iodide with chlorine, which gives — 

(KIAq,Cl) B 26,209 heat-units, 

and the heat of neutralisation of hydriodic acid by potash is (KAq,HIAq) = 13,657 h.-u. ; 
hence the affinity in aqueous hydriodic acid is found to be — 

(IT,I,Aq) =« 13,171 heat-units. 

Moreover, the heat of absorption of hydriodic acid is found to be — 

(HI,Aq) « 19,207 heat-units: 

hence, for the affinity of hydrogen for iodine in gaseous hydriodic acid we find— * 
(I,H) = — 6036 heat-units. 

4. Oxygen . — Direct combustion of oxygen in an atmosphere of dqr hyd*0S*® 


giivo— 

(U’^O) * 68,357 heat-units, 

which is intermediate between the number determined by Andrews and that found by 

6. flWpfiwr.— Theaffinityof milphur and hydrogen was determin^ by 
on passing gaseous hydrogen sulphide into a solution of iodine tem- 

in which iodine dissolves more freely than in pure water and without cnappj ^ 
peraturo. Experiment gave — . .. 

(I*,Aq,SH®) « 21,830 heat-units; ^ 

• The numbers in the table hero referred to relate to the combosUon of 1 
hydrogen ; Tbmnsen’s number to the oombustlon of 2 grams. ' 
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ami since 

(I,H,Aq) = 13,171 hoat-units, 
we li:ive for the affinity of sulphur to hydrogen — 

(H%iS) aa 4,512 hoat-imits. 

iMinlier, Thom.seu lias found for the heat of absorption of hydrogen sulphide in 
w:itur — 

(H*S,Aq) = 4,754 heat-units : 

hciico, the affinity of liydrogen for sulphur in aqueous solution is expressed by — 
(H®,S,Aq) = 9,266 heat-units. 

Tho iinnibor for tho affinity of hydrogen to sulphur in gaseous hydrogen sulphide 
!qipli('S strictly only to sulphur in the state in which it separates from that combina- 
tion, viz., as yedlow, somewhat clastic sulphur, and would require a small correction 
to la.'iko it apjdicablo to rhombic sulphur. 

fi. yitrf)f/cii.—E\yry atom of chlorine mssed into an aqueous solution of ammonia 
]ir(M!uc(*.s an evolution of heat represented by — 

(NlI*Aq,Cl) =» 30,871 heat-units; 

jiiul as the neutral is;itiou of hydrochloric acid by ammonia gives (IlClAq,NH®Aq) =: 
12,270 heat-units, wc obtain for the affinity between nitrogen and hydrogen in aqueous 
fiolution : 

(NjlPjAq) = 35,142 heat-units ; 
but the heat of absorption of ammonia in water is- - 

(NH*,Aq) = 8,436 heat-units ; 

ihercfurc, by subtraction — 

(N,1I*) = 26707 heat-units. 

TJio mode of oalcuhiting tho tobil heat of combination of tlio aiumoiiium-compoundB 
is iiklicated by the equation — 

(NHbClAq) = (N,n«,Aq) + (H,Cl,Aq) + (Nll»Aq,HClAq). 

hrom his former determinations of tho reactions on tho right-hand side, Thomsen 
obtuius— 

(N,H^Cl,Aq) = 86,730 hoat-units. 

(N,H^Br,Aq) « 75,790 „ 

(N,H^I,Aq) = 60,580 „ 

(N,H»S,Aq) « 50,600 

As .ilso the latent heats of solution of the first throe of these compounds are known, 

(NH*Cl,Aq) = —3,880 heat-units. 

(NH^Br,Aq) «= -4.380 
(NH%Aq) = -3,650 

cuLtd-^* conihination of the ammonium-compounds in the solid state can bo giI- 

(N,H*,C1,) — 90,6f0 heat-units. 

(N,H^B^) a 80,170 „ 

(N.HM) * 64.130 

hydrogen and carbon is calculated from the Iioat 
'•’’louiit f i? combustion of hydrocarbons. For marsh-gas and etliyleno tliis 
Uii' invn*!* already several times determined. Thomson has extended 

«^m\estigation to acetylene. 

AiuirewB^P heats of combustion of marsh-gas, as found by Diilong, 
liic mnoJ Silbermann, do not differ much from each other, Thomson adopts 

®can of those determinations, viz. 

(CH^O*) « 209,900 hent-iinits ;• 

^'hich tho affinity of hydrogen and carbon is deduced by the equation — . 
(CH*,o«) « 209.000 heat-units « (C.O») + 2(H*,0) - (C.H^). 
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Now Favre a. Silbermann fouuci, for the heat of combustion of graphite (which mnv 
bo regarded as the normal form of carbon) 7,800 heat-units per gram : consequcnilv 
(C,0*) = 12*7800 = 93,600 heat-units ; and since, according to Thomsen, (H* .. 

68,307, it follows that » ^ - 

(C,U^) « (C,0=) + 2(U*.0) - (CITSO') 

» 93,600 + 130,714 - 209,000 
= 20,414 heat-units. 


The affinity of carbon and hydrogen in marsh-gas is therefore jiositive, 

iS. Ethylene. — The heat of combustion of this gas is, according to Thomsen’s experi- 
ments, 

(C“1P,0®) 334,800 hciit-units ; 

from which, by the equation 

(C=H^O«) = 2(C,00 + 2(11-, 0) - (CM1‘), 

there follows 

(C-,H*) = — 10,880 lieiit-units. 

7, Acetylene. — The affinity of carbon and hydrogen in acetylene is Ciilciilated from 
its lieat of combustion — 

(C-Il^O®) as 310,570 heat-units ; 
from which, by the equation 

(C=H»,0*) » 2(0,0*) + (U-,0) - (C=,n*), 

there follows 

(C*,IF) := — 55,010 heat-units. 

The affinity of hydrogen for every first member of tlio four natural groups of the 
non-motallic elements is positive, but dinuiiishes for the members with greater atomic 
weights, and is even iiogativo for some of the highest members, namely, for iodine, and 
according to HautefeuUlo, for selenium (p. 616). Although no satisfactory explana- 
tion of this can be given at present, it must^ at all events, be remembered that many 
thermo-chemical equations do not represent the actual physical conditions, inasmuch 
us they express the reactions of atoms upon each other instead of molecules. Thus, 
the heat of combustion of hydrogen in chlorine ought to be expressed, not by CIH = 
22,001 heat-units, but by (Cl*,H*) «= 41,002 lieat-units, and the true value of the 
(C1,H) can only bo calculated from the equiUioti (C1*,H®) « 2(01,11) — (Cl, Cl) — 
(H,H), ill which tlie terms on the right-hand side are at present unknown. 

From the reactions 

(0'-’,H*) = —55,010 heat-units, 

(C*.n') - -10,880 

(0,H^) = H- 20,420 

it might appear that the affinity of carbon for hydrogen is negative. ^ But as tlie hydro- 
ciirbons once formed produce a great amount of heat in their combination with moco 
hydrogen, thus ; — 

(C®IP) = -65,010 heat-units. 

(C*,n^) - (C*,H=) = (C*H*,H*) ^ +44,130 

2(C,IP) - (C*,H*) = (C*HSH*) « +51,720 

it can scarcely bo doubltKl tliat the affinity of carlion for hydrogen is really positive, 
as, indeed, appears directly from the formation of marsh-gas. . , j nA 

The fact that the formation of the lower compounds of carbon with hydrogon o 
oxygen produces Ic.ss lieat than their combination with more hydrogen ^rv 

that the direct combination of carbon with other elements can only bo offered at v 
high temiKiratures, may perhaps be explained by tho following hypothesis:— 

Carbon^ as it is known as grwphite., diamond^ or charcoal^ ipf/A 

passive condition, out of which U must he brought before it can combine chmtomtj^ 
other elements, a certain amount of force being necessary to effect thio ttonv^trma 
from the passive into the chemically active state, t, t 70 000 

This force cannot at present bo estimated, but amounts probably to aoont i i 
heat-units for every carbon-atom. 

B. In the Combination of Oxygen with other 
Formation of the Oxygen-acids of SuJphvr (Thomson, VettU Cheni. in ths 

The following determinations relate to the affinities of sulphur end, o^jB® 
aqueous solutions of the several acids. . 

For the heat of absorption of sulphurous anhydrklo in water: 

(SO*,Aq) — 7.698 hor.t'unitSf 
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jr'ot the oxidation of aqueous snlpliuious acid by means of chlorine gas : 

(SO=Aq,Cl») = 73.907 heat-units. 

Por die complete oxidation of sodium thiosulphate by hypoclilorous acid in aqueous 
solution : 

(Na-iS*0®Aq,4Cl0IIAq) — 251,624 hciit-iinits. 

}'or tlio action of iodine on a bolutiou of sodium tliiosulphato : 

(2Na=S‘^O^Aq,I*) *= 7i954 heat- units. 

For tlic decomposition of sodium thiosulpliato l>y hydrochloric acid in aqueous solu- 
tion: 

(Na®S®0*Aq,2HClAq) — —2,176 hent-units. 

For tlio resolution of potassium dithionato in the dry way into potassium suiphate 
mill sulphur dioxide : 

(K=SO^SO®) - 0. 

For the latent heat of sulphate and ditliioiiate of potassium : 

(K-SO',Aq) = — 6,384 heat-units. 

(K2S''0“,Aq) » -12,986 

To calculate from these numbers the relations of affinity of the sulphur acids, the 
t'oUowiiij; determinations, previously estal>Ji8lic<l by Thomsen, are required: relating 
to llio thermic phonomona in the formation tif water, of aqueous hydrodiluric and 
liypDchloroiis acid (p. 606) ; in the neutralisation of sulphuric acid, &e. ; and, liiially, 
ill ilic reaction between 2 mol. hydrochloric acid and 1 mol. sodium dithionato In 
ii'litcuus solutiuu : 


om . . 

(I.K,Aq) . . 

(CUbAq) . 
(t:i,0,TI,Aq) . 

(XaH0Aq,S0=»Aq) 


Jlcat-imite 
. 68,3o7 
. 13,171 
. 39,315 
. 28,322 
. 14,754 


(2NaIlOAq,SO-Aq) . 
(2NaH0Aq,S20*Aq) . 
2(NaHOAq,irClAq) . 
2(NanOAq,IIIAq) . 
(NaIIOSO»Aq,2HClAq) 


Hciht-unita 
. 28,970 
. 27.070 
. 27,480 
. 27,350 
. —978 


Also, the heat of combustion of sulphur, as determined by Tavre and Silbemauii : 


(S*,0-) « 71,072 heat-units. 


The calculation of the affinities in question is made from these numbers as 
f'llIowH : — 

>^iiicc Kulphiirous acid in aqueous solution is converted by chlorine into sulphuric 
iinJ hydrochloric acid, we have the equation : 

(SO=Aq,CP) = (SO«Aq,0) - (112,0) + (Cr',H-’,Aq) ; 
iind lliei'cforo, according to tlie numbers above given, 

(S0*Aq,0) = 63,634 hcut-uiiits, 
and 

(S0‘-,0,Aq) « (.SOUq.O) + (S02,Aq) = 71,332 hciit-uiiits. 
iTom this follow the tottU heats of formation of sulphurous and sulphuric acids : 


(S,02,Aq) » (8,02) + (SO»Aq) = 78,770 heat-units, 


(S,0®,Aq) » (8,0*) + (.S02,0,Aq) — 142,404 hent-units. 

Tho decomposition of potassium dithionate in the dry way into sulphur dioxide aiul 
SicrefopT attended either with evolution or with absorption of heat : 


(K2SO^,SO*) = 0. and (K^O*. SO») « (K®, 02,2802). 

I'cse reactions may be split up into 

+ (K«SO<,Aq) - (K«,0,Aq) + (S0*0,.\q) + (2KH0Aq,S0>Aq), 


(K',0=,2S0*) + (K*S«0*,Aq) - (K*,0,Aq) + (2S0*,0,Aq) (2KH0Aq,S’0*Aq). 

two eqoatioM from each other, the first and third terns, being 
fail r the remaining terms are known, except (2802,0, Aq), M-hich 

* ^iJoreforo be calculated, vi*.: 




(2S02,0.Aq) 


B 68,960 heat-imits. 
RR 
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Wu liave then, for the total heat of formation of ditliioiiic acid : 

(S»0*,Aq) • (2S0=,0,Aq) + 2(S,0=) « 211,094 heat-units. 

In the reaction of hypochlorous acid on Bodiiim thiosuli)hate, 2 mol. of Bulphnr* 
BTo formed, tQgetlicr 'with 4 mol. of hydrochloric acid resulting from the deoxidation 
of the hypochloroiis acid : . ° 

f(S«0*Aq,0^) 

(NW0>Aq,4C10HAq) = - 2(NanOAq,SO»Aq,2HClAq) - (2NaH0Aq.S=0“Aol 
(4(Cl,ir,Aq) - 4(Cl,0,H,Aq) ^ 

Now, according to the preceding data, the heat evolved in tho reaction between 1 mol 
sulphuric acid and 2 mol. hydrochloric acid with 1 mol. sodium hydrate is 14,754 

978 13,776 units. Tho heat of neutralisation of thiosiilplmric acid cannot be deter- 

mined directly, on account of tho instability of this acid ; Imt the decomposition of its 
sodium salt by hydrochloric acid is immediately attended -with an absorption of heat 
amounting to 2,176 units, which indicates that the heat of neutralisation of thiosul- 
phuric acid exceeds that of hydrochloric acid by about this number, and is therefore 
equal to about 29,656 units. As this number agrees nearly witli tlio heat of neulruli- 
sation of sulphurous acid, viz. 28,970 \mits, it is assumed to bo equal to tho latter. 
The decomposition of tlio thiosnlphuric acid into sulphur and sulphurous acid takes 
place gradually only, and is therefore without perceptible influence on tho quantity 
2,176. By introducing these values, together with those previously given, into tlio 
above oquatioii, W'O obtain for tho lieat liberated in tho oxidation of thiosulpiiuric to 
sulphuric acid, 

(S*0=Aq,0*y = 200,070 heat-imits ; 
and by means of tho equations 

2(S*,0>,Aq) = (S^O^Aq) -i- (SWAq,0‘) 

(S*,O^Aq) = (8,0* Aq) + (SO-,Aq,S) 

we obtain further : 

(S*,0*Aq) =» 75,738 heat-units, 

(SO*Aq,S) = - 3,032 
(SO*,S,Aq) - + 1,GG6 


for tJie hcat-rcactions implied in tlic formation of thiosulphuric acid. 

Tho heat produced in tlio oxidation of thiosulphuric acid to tetrathionic acid can Lo 
calculated from the heat liberated in Uio reaction of iodine upon sodium thiosulphate: 

r(P.H*Aq) + 2(NaAq,HIAq) 

2Na*S'0*Aq,I* « (2S*0*Aq,0) - (0,11-) 

((2NaAq,S*0*Aq) - 2(2NaAq,S*0*Aq). 

By assigning to these reactions their values, as given above (tho neutralisation heat 
of tetrathionic acid is taken as equal to that of cUthionic acid, 27^070 heat-uuits), we 
have 

2(S*0*Aq,0) =■ 53,489 heat-units ; 
from which, by tho equations 

(S^O^Aq) c. 2(S*,0»,Aq) + (2S*0*Aq,0) 

(S*,0» Aq) - 2(8,0*) + (2S0*,0,S*,Aq), 

the affinities satisfied in the formation of tetrathionic acid are found: 


(S«,0»,Aq) = 204,965 heat-units. 

If VTQ consider thiosulphuric acid to bo formed by tho reaction of sulphuTOTS a^. 
sulphur, and water, 'we obtain the effect of the second atom of sulphur by the eq 
tion : 


(2SO*,Aq) - (SO* S,Aq) « 7,698 - 4,666 « 3,032 heat-units, 

and considering tetrathionic acid to be formed in u n analogous way from dijhioaioafiid, 

we obtain the effect of tho two additional atoms of sulphur from the equation 
(2S0*,0,Aq) - (2S0*,0,S*Aq) « 68,960 - 62,821 - 6,130 heat-units. 

3,064, while tho former difference was ■■ 8,082, and ^***fj^*^it 
huric and dithionic acid are quite independent of fiwh 


As 6,120 « 2 X 

lations for thiosulphuric and dithionic acid are quite 
follows that, for every additional atom of eulphur, the iotai 
svhhur-acids is diminis/ied by 3,032 to 3,064 ncat~uni(s. 

It has not therefore been thought necessary to determine ex] 
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foririHtion of Iritliionic and poiitathionie acids, as tlint of teLrathionic acid may bo 
safely assumed to be about 3,064 units less than that of trithiouic acid, and that of 
peiita-thionic acid about as inucli less than that of tctmthionic acid. 

^ The heats of formation of tho seven acids of sulphur are collected togetlier in the 
following tables. Table I. shows the development of heat in the formation of tho 
ju'ids, from sulphur, oxygen, and water. Table II those which are obtained when tho 
acids are derived from sulidiurous nnh^^lride. 


Taulk I. 



Hcat-iiiiiti 

(S,0»,Aq) 

. = 78,770 

(S»,0»Aq) 

. - 75,738 

(S,0’,Aq) 

. » 142,404 

(S*,0‘,Aq) 

. = 211,094 

(S>,0*Aq) 

. ^ 208.030 

(S‘,0‘,Aq) 

204,965 

(S»,0*,Aq) 

. « 201,901 


Taule II. 


(SO=,Aq) . 

(SO*,S,Aq) 

(S0*.0,Aq) 

(2S0*0,Aq) 

(2SO*S.O,Aq) 

(2SO*,S*,O.Aq) 

(2SO*,S>,0,Aq) 


Hcat-unlta 

7,698 

4,666 

71,332 

68,950 

65,886 

62,821 

60,757 


If, in calculating tho heat of formation of these acids, we take account also of tho 
quantity evolved in tho formation of tho water contained in the hydrates, we obtain 
the values in Table III. 


Taislk III. 


•Sulphurous acid (SO* 0,H=,A<|) . 

Thiosulphuric acid (S0*,iS,0,H*,Aq) 
Sulphuric acid (•S0*,0*,H*,Aq) 
JJitfaionic acid (2SO* 0*,H* Aq) 
Trithionic acid (2SO®,S,OM[*,Aq) 
Tetrathionic acid (2S0=S*.0= H*.Aq) 
Pentithionic acid (2SO^S^O*,H^Aq) 


Hent-uniis 

76,05.5 

73,023 

139,869 

137,307 

134.243 

131,178 

128,111 


If WG suppose tho acids to bo formed from sulphurous acid and hydroxvl, for which 
Thomsen has found — 


wc obtain for — ■ 


(H®,0®,Aq) = 45,045 heat-units. 


Sulphuric acid (SO*Aq,IPO*Aq) . . « 86,946 heat-units. 

Dithionic acid (2SO-Aq,H*0*Aq) . . = 76,886 „ 

The corresponding values for every other polythionic acid with n sulphur-atoms may 
bo found by .subtracting (» — 2) 3,064 licat-units from tlmt of dithiouic acid. 

C. General Results,-^-The results of the preceding irive.stigations on the affinities 
ot tho elements, together with others obtained by simihir methods, are collected in the 
lollowiiig Tables. {Dcut. Chern, Ges. Her. vi. 1533.) 


Kcactioii 

Ueat-uuitg evolved 
or absorbed 

Remarks 


1. Hydrogen, 



r(H».o) 

68,360 


Water , , 

1 Mol. Heat of volatilisation 




1 at 100® 

9,660 

BSgnault 


LMoI. Heat of Fusion 

1,440 

Bunsen 

Hydroxyl , . 

f(H»,0=Aq) 

(H*.0,0) 

45,290 
- 23,070 



(*0»Aq,H’) 

91,430 



2. Chlorine. 


’ 

(CF,0) 

- 18,040 

Gaseous acid 


(Cl*0,Aq) 

+ 9,440 

Absorption of the 

"ypochlorousacid J 



gas by water 

] 

(C1*,0^) 

>- 8,600 



(Cl,O.H,Aq) 

29,880 


1 

UClpHAq.KOHAq) 

+ 9,980 



iCl*,0%Aq) 

- 20,480 



C1.0*,H,Aq) 

+ 23,940 


^ioric aoid 

(010*HAq,KOHAq) 

+ 13,760 


^ CIVlil « ^ 


- 10,040 

- 0,760 



(HClAq,0*) 

- 15.380 



L(KClAq,0*) 

- 15,370 



HR *2 
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lleat-nnitfl evolved 
or aijsorbed 


2. Chlorine. — Continued. 


Hydrochloric acid 


Bromic acid. 


j Hydrobromic acid 


f(CLH) 

{ClH.Aq) 

UciHAq.K01L\q) 


3. Brumiuc. 


f(Br’,0*,Aq) 

\ (Br,0>.H,Aq) 
l(BrO>HAq,KOHAq) 

/(Br“,Aq) 

(BrHAq,0») 

(Br.H) 

(BrH,Aq) 

|(Br,H,Aq) 

\,(BrHAq,KOHAq) 


4. Iodine. 


Iodic acid 


Periodic acid 


■{P.O») 

(I»0‘Aq) 

(P,0»,Aq) 

(I,0»,H) 

(IO»H.Aq) 

(I.O»,H.Aq) 

(IHAq,0>) 

■(IO»HAq,KOHAq) 

(IO*il‘,Aq) 

(I,0*,H*,Aq) 

(I,0‘,H,Aq) 

(IHAq,0*) 

(I«0'.Aq) 

, (IO*n*Aq,KOHAq) 
L(IO*H‘Aq,3KOHAq) 

rttti) 


Hydriodic acid . | [h j 

l(IItAq,KOILVq) 


0 . Sulphur. 


Sulphurous acid 


■Sulphuric acid 


/(SO-,Aq) 

tSO«.Aq) 

■i(».0=) 

(S,0>,Aq) 

^(SO«Aq,21JaOIlAq) 

(S0*,0) 


(SO=,OAq) 

(S0»Aq,0) 

(S0»,0»H») 

(SO»,BPO) 

(SO'H’.Aq) 

(SO'Aq) 

(S.O*) 

(8,0‘.H*) 

,(8,0*.H«.Aq) 

L(80*Aq,2NA0HAq) 


IlGinukB 


22,000 

17.320 

39.320 
13,750 


- 43,520 
+ 12.420 

13,750 

1,080 

- 15,960 
+ 8,440 

19,940 

28,380 

13,750 


41,960 
- 1,000 
+ 43,060 
57,880 

- 2,170 

56,710 

42.510 
13,810 

185,780 
- 1,380 
+ 184,400 

47.680 

34.510 

27,000 

5,150 
26,690 
- 6,040 
+ 19,210 
13,170 

13.680 


7,700 

1,500 

71,070 

78,770 

28,970 

32,160 

71.380 
63,630 

121,840 

21,330 

17.860 
39,170 
103,230 
192,010 
210,760 . 

31.380 


Gaseous acid 
Absorption 


Heat of sola.of Br 
Gascons acid 


Aiiliyilrido 

Ditto 


CiyKtalliiio 

hydrate 


Cryst hydrate 


jBcr. Ch.G€8.\l^ 
Gaseous acid 


Gaseous acid 
Condensed arid 
Favre a. Silh&m. 

SO* becomes 
aabj-drido 


SO^H* becomes li'| 

quid hydrate 


that 

‘Zr 71.0701 
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IleacUon 

IJeat-unitB OTolTOil 
or Rbiiorbed 

nemarks 


r>. Sulphur. —ConUnvc(K 


l;it]iioni<* :icid 


Tliiosulph uric acid 


Totr-itliionic acid. 


I Hydrogen sulpliido 


' Solonoiis Jici<l 


>*olejilc'. acid 


f(2SO=,O.Aq) 

+ 68,960 

(2SO*Aq.O) 

(SO»Aq.SO-Aq) ! 

63,660 
- 10,08(» 

' (S*.0».Aq) 

+ 211,090 

(S=0«,H^Aq) 

279,460 

(S*0»Aq,2Na0TIAq) 

27,070 

f(SO«S,Aq) 

- 1,670 

(SO*Aq.S) 

- 9,270 

. (SS0*Aq,0<) 

226,300 

(S*,0*.Aq) 

69,.')0() 

l.(S«.OMl«Aq) 

137,860 

(2S0*,0,S^Aq) 

62,820 

(2S0*Aq,0,.S*^) 

47,420 

(S*.0»,Aq) 

204,960 

L(.S^O^H■^Aq) 

273.320 


4,510 

(SH* Aq) 

4,750 

^ (S,H“,Aq) 

9,260 

(SH=Aq),NaOHAq) 

7.740 


6. Selonium. 


7. Tellurium. 


■ Ti'lluroiis a<rid 
Telluric acid 


(Te,0=,H*0) 

5(ToO®Aq,0) 

UTe,0».Aq) 


8. Nitrogen. 


Annaonia 


(N.H*) 

(NH»,Aq) 
(N.H«Aq) 
(NH»Aq,lIClAq) 
(NII»Aq,H’S,Aq) 
(N.H^.ChAq) 
(N.HM3r,Aq) 
(N.HM,Aq) 
(N.H»S,Aq) 
(N.H\C1) 
(N,H«,Br) 
(N,HM) 
(NH*,HC1) 

, (NH»,HBr) 

[isn monoxide (N« 0 ) 

>'trogentet.„xide 

I Nitric ucid . .|(STO», 0 ',A^ 

' l(NOSO,H,Aq) 


1 


81,190 

26,860 

107,040 


26.710 
8,440 
36,150 
12,270 
.6,190 
8S,740 
76,800 
60,580 
60,600 
90,620 
80,180 
64,130 
41,910 
45,030 
43,460 
- 18,320 
+ 19,670 
7.750 
18,300 
72,940 
51.080 


If S"0*Aq isforrnetl 
5 71,070 


f(So,0«) 

(SeO^Aq) 

67,710 
- 920 

(So.O» Aq) 

+ 66,790 

l(.SoO»Aq,21faOHAq) 

27,020 

r'(.So,0*,Aq) 

77,240 

; (Se0“,0,Aq) 

10,580 

1 (Se0«Aq,0) 

20,460 

L(SeO>Aq.2NiiOHAq) 

30.390 


|lf(S.O«)=7I,<)70 
|lf(S,0’)=. 71.070 

Poffg. ./In72.cxl.622. 

Ory^Bt, anhydride 


lAmmonia gas 


Cryst. salts 
formed from the 
gaseous con> 
Btituents 


luct 
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Bcoction 

Hoab-nnits evolved 
or absorbed 

Bcmaite ' 


9. Carbon. 




RCO.O) 

66,810 



(CO»Aq) 

5,880 


Carbon monoxide 
and dioxide 

(CO,0,Aq) 

(C,0«) 

72.690 

06,960 

Favre a. Silber- 



roann, for wood- 
charcoal 




30,150 

If (C.O*) =. 06,960 


cw,o* 

4 . 52,480 


C*H«,0* 

0 . 55,800 


Marsh gas, ethy- 

c=n«0‘ 

5 . 62,110 


lene, and acetylene ^ 

C,H^ 

23,760 

) 


CMI« 

4,160 

l'-If(C,O*) = 96,9G0 


, C*,H® 

- 48,270 


D. The Common Constant of Affinity . — A compurisoii of tliB quantities of 
heat ovolverl in a largo nuniLer of chemical reactions leads to the conclusion, that 
these quantities, and thorofore also tho forces of affinity which they measure, are niul< 
tiplcs of a common constant, the value of which is about 18,000 heat-units. The 
following numbers exhibit this reaction in two scries of chemical processes: 


(N‘^0-*,0.Aq) 

(N«0^0»,Aq) 

(Cu,0,SO»Aq) 

(Pb,0,S0*Acj) 

(Fe.O.SO*Aq) 

(CM,0,S0»Aq) 

(Zn,0,S0*Aq) 

(Mg,0,S0>Aq) 


2 

» 

4 

li 

4 

r> 

3 

G 

10 


18,170 heat-units 
18,214 
18,235 
18,075 
18,888 
18,772 
18,094 
18,077 
18,002 


In these two series tho character of the chemical reaction is perfectly analogous for 
. the members of each ; tho former representing Uio formation of tho oxygon-acids ot 
nitrogen from nitrogen dioxide, oxygen and water, tho latter that of metallic sulphates 
from metal, oxygon, and sulphuric acid. ^ • • r 

The conversion of aqueous chlorine into hydrochloric acid with decomposition of 
water, gives the thermic relation : 

(Cl*Aq,lI*) — (H*,0) = 5,403 heat-units ; 

whence, since (H-,0) =» 6,836 h. u., we find for the conversion of chlorine-water into 
hydrochloric acid, by direct addition of hydrogen (Cl*Aq,H*) «■ 73,764 h. u. ; 
like manner may bo calculated tho quantities of heat whicli would 
in the conversion of aqueous solutions of bromine and hydroxyl into water by direc 
addition of hydrogen. The result is as follows : — 

(Br=Aq,H») «= 55,864 «= 3 . 18,551 hoat-units 
(Cl*Aq,H») » 73,764 - 4 . 18,441 
(H30*Aq,H>) = 91,675 - 5 . 18,335 „ 

A similar group of processes is exhibited by the action of chlorine on 
ferrous chloride, stannous chloride, and sulphurous acid also on mercury ojia cup 
chloride suspended in water: 

(Hg*Cl*,Aq.Cl*) « 37.075 - 2 . 18,537 hent-units 
(2FoCP,Aq,GP) « 54,810 3 . 18,270 

(SnCl*,Aq.Cl*) « 73,876 -* 4 , 18,469 i» 

(.SO=Aq,CP) « 73,907 - 4 . 18.477 .. . . ^ 

Those numbers show that tho common constant of affinity has the seine value, w e 
the element which enters into combination be oxygon, 

A mmilar relation is exhibited by the quantities of heat evolved in tne * 
reactions: — 

(2FeSO«Aq,0,SO»Aq) « 36,800 = 2. 18,400 hfat-umts 

(2CrO*Aq,3SO>Aq) « 86,884 *= 2.18,442 ,t 

(Mn*0»Aq.2SO>Aq) = 72,647 - 4.18,162 i 

The first of these reactions, in whicli ferrous sulphate fa ,convejrti » ^^^ 
phate by oxygen and sulphuric acid, is perfectly analogouffa 
into feme cliloride by tho action of chlorine ; and the qnanititicii 
two reactions are as 2 ; 3. In tin two other processes, chroafa i 
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ore conrcrtod by sulphuric acid into the normal sulphates of cliromium and manganoso, 
evolution of oxygon. The quantities of heat evolved are as 2 1 4, and the 
common constant is the same as beforo. 

When hydrogen dioxide and permanganic acid act on one another in presence of a 
free acid, sulphuric or liydrochloric acid, for example, 6 mol. of oxygen are ovplved 
loi each molecule of permanganic acid decomposed, the products of the reaction being 
\ratcr and manganous sulphate or chloride. Tlio thermic effects of the two reactions 

jiri3 : 

(Mn50^\q,5TP0=Aq,2S0“Aq) = 189,237 - 10 . 18,921 heat-units. 
(M=fO^Aq,6nWAq,2H'^Ci-Aq) = 182,177 * 10 . 18.218 

10 atoms or 6 mol. of oxygen are given off, and the quantity of heat developed amounts 
to 10 tiine.s the valuo of the common constant. 

The mean value of the common factor in the twelve reactions above cited, in whicli 
hydrogen, chlorine, sulphuric acid, and hydrogen dioxide are the reagents common to 
tlio several groups, is 18,427 heat- units; and the mean valuo fur tlio nine processes 
ill which oxygen is the common reagent, is 18,361 heat-units. It may therefore bo 
jnl'crrcd tliat, allowing for unavoidable errors of nbsen'ation, the itciiial value of the 
constant of affinity is the same in all these cases (Thomson, Dcuf. Cfiem. Gea, Her. vi. 
2^9). 

E. Development of Heat in the Combination of Hydrogen with the 
various Modifications of Sulphur and Selenium, — Huutefeuille {Cmnpt, 
tend. lxviii._lo54) has determined the quantities of heat ovolveil in the combination of 
hydrogen with sulphur and solonium in their various molecular states. The 
mode of experimenting jponsisted in decomposing hydriodic acid gas with sulphur and 
selenium at ordinary temperatures within a mercury calorimeter. According to Favre, 
nnol. Jiydriodic acid, in seiiarating into free hydrogen and solid iodine, evolves 6,840 
units of heat. Now Jlautofeuille finds that llic substitution of 1 atom of octohedral 
sulphur for iodine (2III -f- 8 = 11-8 -t- 1=) develops 13,680 hoat-units. Consequently, in 
the combination of 1 atom octohedral sulphur with hydrogen there are evolved 13,680 
- 2 . 4,430 = 4,820 units of heat. Moreover, the heat of combustion of 1 atom of 
hydrogen is 34,462 units (iii. 105), and that of 1 atom of octohedral sulphur is 71|968 
units ; therefore the heat of combitstion of 34 grams of hydrogen sulphide is ; 

2 . 34,462 + 71,968 - 4,820 « 136,072 hoat-units. 

T1 i (3 direct oxidation of hydrogen sulphide by means of hypochlorous acid, gave a 
somewhat higher number, viz., 136,400; but this reaction is complicated by the fiorm- 
ttl-ion of sulphur chloride, which oxidises but slowly. 

The conver.sioii of 1 atom of insoluble into crystallised sulphur is attended, according 
to i'iivre, witli the absorption of 6,204 units of heat. Consequently, in the decomposi- 
tion of hydrogen sulphide into hydrogen and insoluble sulphur, there are absorbed 
0.104 — 4,820 = 1,284 units of heat; and in the combination of hydrogen with in- 
p'llublo sulphur, effected by means of hydriodic acid, 13,880 — 6,104 -■ 7,476 units 
lire evolvwl. Direct oxporiniont gave a laiger number, but still below 8,860 ; the 
differencfi is attributed by Hautefeuillc to the difficulty of preparing insoluble sulphur 
in the pure state. • 

Iho development of heat which takes plju*e in the preparation of hydriodic acid by 
iiydrogon sulphide and iodine is due, partly to the solution of the hydrogen sulphide 
in water, partly to the chemical reaction. Estimating the heat of solution of 1 mol. 
nydrogen sulphide in water at 6,750 units, it is found that 1 mol. of this dissolved 
acid, on decomposing in the manner abovo mentioned, evolves 24,000 heat-units. The 
nycirioclic acid (2 mol.) thereby produced contains, in the dilute state, according to 
heat- units less than its elements; and the wholo of this quantity of heat 
roust have been set free if the dissolved hydrogen sulphide had decomposed with- 
nr. absorption of heat. The 4,960 units thus absorbed represent the quantity of heat 

ucii would be developed in the direct combination of hydrogen with the undetermined 
« noty of sulphur which is obtained by precipitating this element from a solution of 
H}arogeii sulphide. 

formation of hydriodic acid becomes less as the con- 
of solution is greater. The reaction will go on, attended with evolution' 

I'ftntrn*- solution of hydriodic acid has not attained the degree of con- 

tion of frl? quantity of heat which is required for the decomposi- 

It hydrogen sulphide in aqueous solution, that is to say, about 11,660 units, 

taka wlietliop, at a higher degree of concentration, the reverse action would 

. j pressure this seems to be the case ; otherwise concentrated < 

sulphur only when gaseous acid is evolved in consequence of 
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The evolution of Lent in the cornbinatifin of selenium vith hydrogen nay b 
determined in a Bimihir maiinor. The decomposition of gaseous hydriodic acid bv 
selenium and by mt>t'illic selenium, is attended with only a very slight evolution^ 
heat 1 mol. hydrogen solonide, in resolving itself into hydrogen and metallic sele 
Ilium, would give out ,'>,400 heat-units ; if it wore ro.solved into hydrogen and red 
selenium, .it would evolve 4,280 units. Consequently, the combination of hydrooen 
with these two modifications of sclonium must bo attended with absorption uf hrat 
Hydrogen selenido is likewise decomiwsed by iodine, with separation of red sclonium 
which then unites with the excess of iodine (llautefeuille). ’ 

A. Nauinauii (Dcut. Chem. Ges, Bar, ii. 177) finds that hydrogen sulphide does not 
act at ordinary temperatures on iodine dissolved in dehydrated carbon sulphide, or ou 
solid or aqueous iodine in the absence of w'liter. A solution of iodine in carbon sul- 
phide saturated with hydrogen sidpliLdo docs not lose the odour of that gas by keep- 
ing; but when shaken with water it makes the water turbid by separation of sulphur. 
This behaviour of iodine to hydrogpn sulphide is explained by the thermic relations 
of the two substances. The reaction represented by the equation H^S + = 2HI -i- S, 
which is intended merely to exhibit, in tlioir simplest form, the quantitative rolations 
of tho bodies present before and after the chemical change, requires an absorption of 
ri,480 + 2 . 3,600 = 12,620 units of heat (iii. 115). It cannot, therefore, ttike place 
independently nt ordinary temperatures. That it takes place in presence of water is 
due to tho fact, that tho dissolution of the hydriodic acid produced (2H1) gives rise to 
the evolution of 37,800 heat-units (iii. 113; 147*7 x 128 x 2 — 37,811). The total 
evolution of heat is therefore 37.800 -f- ar — 12,680 = 25,120 + .r, whoro x denotes 
tho negative heat of solution of iodine alone, taken with a positive sign. But it is 
found that the heat developed by the absorption of equal quantities of hydriodic acid 
gas is loss as tlie quantity of that acid alrcaidy dissolved in the water is greater. Tlie 
positive sum of the quantities of heat evolved must Ihorofore diminish ns tho quantity 
of hydriodic acid in the liquid incmiscs. until tho positive and negative evolutions (it 
heat neutnilise one another, and tho total evolution is reduced to nothing. The in- 
ference thence doducible, that tho mutual action of iodine and hydrogen sulphide which 
goes on in presence of water will reach its limit at a cerbiin degree of concentration 
of the resulting solution of hydriodic acid, at which graseous hydriodic ncici must be 
dissolved with absorption of heat, is fully verified by experiment. Tho limit of con- 
centration in question corresponds with a specific gravity of 1*66 at ordinaiy tempera- 
tures reforred to water at the same temperature ; whereas tho acid which distils over 
at 127°-128® under the ordinary ntniosplicric pressure has a specific gravity of 1*67 
(Is^ 738), and a solution saturatcnl :it 0*^ a specific gravity of 1*99. Aqueous 

hydriodic acid of si>ecific gravity 1'56 absorbs hydriodic acid gas passed into it-, with 
considerable ri.so of temperature. 

F. Heat of Comhinaiion of Iodine with Oxygen, — ^A. Ditte Chm, 

Fhys. [4] xxi. 52) has determined tho heat of combustion of iodino in oxygen by means 
of ue formation of phosphoric acid resulting from tho action of iodic on red phosphorus 
(boo Iodic Acid) ; also the hoat of solution of iodic anhydrido and iodic aci(l, and the 
heat of contraction of iodic acid from tho corresponding densities, expansion-coeffi- 
cients, and specific heats, whonco also the heat of combination of iodic acid with water 
is deduced ; 

Hoafc-nnits 


Heat of Combination of Iodine (I-) to Iodic Anhydride 
Heat of Solution of Iodic A nhyarido I-O^ .... 

Heat of Solution of Iodic acid HIO’ 

Hoat of Contraction of Iodic acid 

Heat of Combination of Iodic Anhydride (I-O*) Vith Water 

Specific Heat of Iodic acid 

G. Heat of Comhinaiion of Boron and Silicon . 

Oxygen (Troost a. llautefeuille, Convpt, rend, Ixx. 185, 252).-^The expenniont»» 
made with a mercury calorimeter, gavo tho following results : — 


For 1 ffrani 
+ 110*00 

- 6*7 

- 12*7 

+ 0*46 ■ 

+ 0*6 

0*1625 

Kith Cklorint and 


For 1 mol.* 
+ 27920 
-1002*4 
-2240*5 

+ 1135-7 
+ 307 


Amorphous Boron, 


Hea^inilts 


In Combination with Oxygen 
In ^nibination with Clilorino 
tq tho action of Boron Chloride on 140 times 
AVator 


its weigiit of 


I 

14,42 

0,455 

7 , 200 ; 


Fdriajom 

l6S^m 

104.000 
TO, 200; 


* This number differs widely from Thomsen's (p, 
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Amx^rphous Silicon, 

For I gram For 1 atom 

r~ — — ^ 

61=28 Si =21 

In Combination with Oxygen .... 7,830 219,240 164,430 

In Combination with Chlorine .... 5,630 157,640 118,230 

In the action of Silicon Chloride on 140 times its 

weight of Water 2,915 81,640 61,220 

In the Isomeric Transformation of Amorphous Into 

Crystallised Silicon . . . . . 290 8,120 6,090 

11. Heat of Oxidation of Magnesium^ Cadmium^ Indium^ and Zinc 
(A. Ditte, Compt, rcitd. Ixxii. 702, 858; Ixxiii. 108). — The determinations wore made 
in the inerciiry-caloritnetor by two methods. In tho first, equivalent weights of tho 
metiil and of its oxide were dissolved in sulphuric acid, and the quantities of he.‘it there- 
by evolved wero determined. Tho difference of tlicse two numlHT.s gives the quantity of 
lil at produced when the metal is oxidised at tho exponso of hydrogen, and by combining 
this result with the known heat of combustion of hydrogen itsidf, the heat dovclojwd 
]iy the direct combustion of tho metal can be calcubitod. In the second method, tho 
]u?:its of sfdution of the metal and of its oxide in iodic acid -were determined. Now 
1 c(|. of tho metal in passing to tho state of iodato deconqioscs i- oq. iodic acid, w'liereby 
2,792 units of heat are expended, and from this tho hwit of combu.stion of the metal 
may be calculated. For magnesium both methods woro used; for zinc and indium, tho 
first ; for eadmiuui, tho second. Tho following are tho moan values of t lie heats of 
(’■iinbiisliiMi obtained : — 

Ilent oc Coii)l>ii«»tion 


Equiwilcnt 

Magnesium . 12 

Zinc . . 32'5 

Indium . . 37'8 

Cadmium . 56 


for 1 gnim lor 1 cq.* 

6130*5 73,566 heat-units 

1357-6 44,122 

1044-G 30,486 

271-1 15,182 


Tho JifferoTicct between llio number found by Ditto for zinc and tho number 42,451 
dotcriaitied by Favro a. Silbennaiin arises from tho difference in the heat of solution 
of oxides according to the temperatures to which they have boon previously raised. 
For zinc oxide, Dilio found the following thermic effects on solution in dilute sulpliurie 
;iciJ, nci'or.ling to the temperature to which tho zinc hydrate had been proviou.sly 
lirati'd : - 

Tcinporatiirc for I grain for I cqniv. 

350° 244*2 9,890 heat-units 

Dark rod heat . 272 11,016 ,, 

Dpight rod heat . 299 7 12,138 ,. 

This marked effect of tompernture alono on the properties of a body is shown by tho 
experiments w'itli magnesia cited in tho following rablo, where T ilenotes tho tempera- 
ture of ignition, the density of tho ignited oxido, a its oxpansion-coeifieiont .for 1 ° 
between 0° and 100°; the liciit of solution of 1 cq. inagiiesia in dilute sulphuric 
field; D'^ the density of tho hydrate reproduced by moistening tho calcined magnesia 
^viih wsiicr; Q.^ tho heat of solution, in gram-degroes, of 1 eq. of this liydrntc: — , 


T 

D„ 

OL 

Qi 

D'. 

Q. 

350° , . ■ . 

3-1932 

0-0003104 

16,655 

2-3261 

14,244 

440° . i 

3*2014 

00002402 

18.417 

2*3631 

14,431 

Dull red heat , 
Dright red heat . 

3*2482 

3*5099 

0*0001764 

0*0001634 

19,234 

20,094 

2*6040 

18,340 


“'*'»tborR show that after strong ignition, tho rate of expansion diminislios 
iilo the density and tho development of heat nttonding combination w-itli sulphuric 
m increaso. This last result is contradictory to the generally received opinion tlmt 
of heat in a body diminishos iw its density increases. 

P!id • rend. Ixxiii. 272) has also determined tho heat of combination of 

litco)”*''"^ oxide in two modifications with dilute sulphuric acid (382*5 grams in a 

_ Fnr 1 gram For 1 :'q. 

mick crystallised oxide (obtained by igniring the nitrate) 229*6 1 4,238 

rango-coloiirod amorphous oxide (obtained by igniting 
^ ^0 carbomito or by combustion of the motnl) . 234*1 14,513 

Vmnttties of beat evolved In the combustion of nii atom of coch of thcBC rnctnls, tbo 
or iQdinm must be multiplied by 3 , for the other uictiUs by 
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Murignac {Archives des Sciences [2], xliii. 209) hnfl also dfatonninod tho heat of 
Bulution of magnosia and zinc oxido, after calcination, at different temperatures in 
cliluto sulphurit*. acid, and has arrived at conclusions difforont from those of Ditt*. 
Tho acid diluted with 26 cq. water and having a sp. gr. of 0 8537 was contained in a 
cylindrical metallic vessol whose licat-capacity was equivalent to 6 grams of water - 
this vessel was suspended within an iron cylinder surrounded by water at tho tom* 
porature of tho room. After tho temperaturo of tho acid had bocomo constant, a 
weighed quantity of tho oxido was introdueod. A thermometer divided into A uf 
degree wtis used as a stirrer and indicated tho riso of temperaturo, which was" 'in ell 
cases road off four minutes after tho introduction of tho oxide. The diinolution of tliu 
oxides, which wore finely divided and added in small quantities (not exceeding 1'2 
gram), was complete in two or throe minutes. Takipg account of the circumstance 
that magnesium nitrate and magnesium hydrate cannot bo completely freed by heating 
from nitric ficid and water respectix'ely, Um means of several experiments give tho 
follow'ing relative values : — 

Gram-dcgrcca 

1 gram of Magnesia heated to 440 . . . 874 

,, „ „ dull redness . . 876 

„ „ „ bright redness . 867 

„ Zinc oxido „ 350° . . . 261 

,, „ dull redness . . 266 

„ ,, „ bright redness . 264 

From tho first three values, Marignac does not think himself justified in concluding 
tliut tho heat of solution of maguosia is diminishefl by previous strong ignition, sincu 
the differences fall within tlio limits of probable experimental error ; but he regnuls 
them as showing at least that no increase takes place. ^J’he tlireo values for iinc 
oxide likewise do not cxliibit any appreciable alteration in the lieat of solution, the 
somewhat smaller number obtiined at, 360° being probably due to a residue of 0-6 p.c. 
of water. As tlio most probable absolute values of tho heat of solution of 1 ;p*am of 
tho oxides in dihito sulphuric acid, Marignac gives for magnosia 905, and for zinci 
oxitlo 275 gram-dogreos. Ho is of opinion that Ditto’s observations are affected by an 
error arising from the calorimetric method employed. 

Tbermal Sffeots of tbe Combination of Aloobolo witb Baiei. — Borthelot 
(Ompt, rend, Ixxiii. 663) has examinod tho thermal effects of the combination of bases 
with alcohols, phenols, and aldehydes, and with somo compounds wdiich, like salicylic 
ftcid, have a character intomiediate Ijctween acidsand alcohols, with tlie view of throwing 
some liglit npuii tho chemical character of those bodies. Tho calorimeters used wero of 
platinum, holding about 600 cubic centimeters up to 1 litre and 2‘25 litres of liquid; 
these wero placed withiu a vessel having several concentric walls, somo of which u'tro 
lined with silvcr-plato, the rest with tin-plate. The external compartment, which wiis 
very largo, was filled with water several clays before tho experiment The thermometers 
used indicated differences of temperature within of a degree. When the liqiuds 
operated upon contained half an equivalent, which was most frequently tlio case, 
they were called normal solutions, but sometimes they contained only one-quarter ot 
an equivalent in 1 litre. 

Ethyl Alcohol. — It is well known that the alcoholates of barium, potassium, 
are decomposed, gradually at least, by water ; and that the presence 
water does not permit their existence is shown by mixing a solution of 
grams in 1 litre) with a solution of potash (20*2 graims of 1C*0. in 1. litre). r 

of temperature observed was 'OOd®, which is so small that it falls within the erro 
experiment, and may be neglected. Also, if tho water be added after ™ 
alcohol and the potash (160H*O for C*H«0). tho formation of the 
pletely stopped, whilst with this degree of ctilution tho polyatomic alcohols snu 
fost their affinity for the alkalis. ^ . < 

Glycerin. — The thermal reaction taking place when the normal solutions are mix 
is expressed ns follows : — 

(C*H'0* + Aq) + ^ + Aq) evolve 872 heat-wiits, 

The dilution of tho Teeulting mixture ■with five times its^ TOlume of 
an absorption of 363 hoat-units. The heat evolved on mixing 
that absorbed on dilating, it may bo concluded that the compound iqtHMW 
reaction is destroyed by the addition of so mucli water. . ^ - tflvesnUi 

Further experiments showed that more heat is evolved oa adding fa 

as well as on adding more soda to a solution of glycerin 
a liti’e. ■ 
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Tliene exporimenta lead to the folIoviDg general conclusions : — 

1 . Thorcuction of glycerin upon the alkalis produces lio.it, not oxcoodiug, in ilio 
ciiso of tlio normal solutions, the part of the heat ovolvod by the combination of an 
ai-id with a base. 

2. The heat increases with the number of cquir.ilent8 of glycerin added to 1 equirn- 
Iriit of sodium hydrate, and vice versA^ without being proportional to the quantities 
added, either of the one or the other compound. 

3. The heat diminishes as tbe dilution boconios greater, and none at all is ovolvod 
in the presence of 1200 H-0. In short the compound formed in a concentrated solution 
is doL'oiiiposcd, with absorption of heat, on the addition of ii sufficient quantity of water. 

Th(».so phenomena, particukrly the continual division of the baso between the 
alcohol on the one and tho water on the otlier side, m.iy bo considered as characteris- 
ing' ill general, and almost numerically, tho combination of bases with nlcohols ; they 
from the phenomena attending tho combination of b.ises with true acids, inas- 
mucli as the neutral salts of th^ latter are formed in fixed proportions, and are not de- 
stroyed by tho addition of any amount of water. 

Mannite. — 'I'lio thermic rwictioji observed on mixing tlie ‘norm.il solutions was — 

+ Aq) + + Aq^ evolve 1,107 heat-units. 

The heat, although muchlAom'ecHiiddAeRbLo than in the «ase of glycerin, is fit-Hl only 
tho part of tho heat of combination of Uio true acids. 

On adding the soda successively, the following results wore obtained : — 


Ilcnt-units 


(C»H'‘0« + Aq) + i + Aq^ 

( evolve + 696 

/(Na^O ^ ^ 

+ ( •- 2 “ + 

1 „ -; S72 

Thiit. is . . + + Aq) 

., +1,053 

whicli vnluo agrees with tho first determination. 


The addition of another + Aq^ 

evolved + 161 

Total 

.• + 1,209 


The evolution of heat docs not, thorofope, increase proporlioiiatoly to the weight of 
sodium hydrate added. 

The absorption of 1,430 heat-units observed on diluting tho solution obtained in 
this experiment, proved tho decomposition of tho comiiouTid formed in tho concoutratod 
liquid. 

The reaction + Aq) + ^ produced 1,145 h. u., that is to say, 

almost the 8.^100 ns when sodium hydrate is taken. 

Lime in its reaction with mannito was found to be thermically equivalent to potash 
or fioda. 

In general, whether an alcohol combines with an acid to form an ether, or witli a 
basu to form an alcoholato, it appears that tho amount of combination taking place 
always depends upon tho quantity of water present, which itself exhibits a strong 
^ ^ combine with tho acid or baso. 

Although in tho reactions of othcrification, equilibrium is obtained after a consider- 
able time only, while the formation and decomposition of tlie alcoholates in the pro- 
tl ^ water seems to be instantaneous, it appears, notwithstanding this difference, 

lat the combination of alcohols with acids, as well as with bases, obeys Liws of 
J lemia-il sutics which, though less general but more simple, predominate in tho forma- 
tion of neutral salts. ^ ^ ^ 

* solution of 1 part of gum in 1 00 parts of water were mixed 
* 134 c. c. of a solution of soda (24*6 jier litre). 

heat evolved was . . . ... . 132 units 

The addition of 137 c. c, of soda-solution produced - • -i- S29 »• 

Uinally, the addition of other 39 c. c. produced . . . + 9 . »> 


+ 167 
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The hont ubsorbod on adding 5 voliimos of wntcp to tho mixture was — 174 
which, differing very little from the heat of combination, indicates an almost complete 
decomposition of tho compound at first formed. ^ n. , , 

PhmoL~W) parts of water dissolve 1 part and more of crystallised phenol, 2,075 
heat-units being absorbed during tho solution of every 04 grams (tho molecular weight) 
of phenol. When a solution of this strength acts upon an equivalent solution of soda 
occupying a ten times smaller volume, tlio following reactions are observed: — 

(C®H*0 + Aq) + evolve + 7,340 licat-units 

2(C‘'H«0 + Aq) + (~~-+AqJ „ + 7.420 

(C“II-0 . Aq) + +Aq^ + 7,4G0 

(C*T1«0 + IS Aq) + ^^’^ + Aq^ + 7.390 

These numbers show, 1st, that only one phenato of sodium is formed ; 2nd, that the 
evolution of heat is iiidopondeiit of tho quantity of water present ; ami that, for these 
reasons, phenol, in accordance with other properties already known, seems to act to- 
wards the alkalis like one of tho true acids, from wliich it differs by having only half 
!is great a heat of combination. 

It was found that — 

(OTPO + Aq) + ^5— + Aq^ evolve 7,510 heat-units. 

On adding tho potash in successive portions, tho heat increased proportionately {0 
tho <.|uantity of base added. 

With ammonia phenol exhibits peculiar thermic plionomona : — 

(CnPO A- Aq) + 0-4 (NH‘* + Aq) evolves 1,270 heat-units 
„ .. 530 .. 

380 

” .. 340 


2,700 


These iiumbora show that tho heat evolved on adding ammonia in portions 

to phenol is not proportional to the quantity added, being greater for the 
fop tho later portions. This result is attributed by Jlerthclot to tho partial decompo- 
sition of aramoiiium phenato by water. 

Baryta and lime gave the following results : — 

/CaO 

“2 


(C-H»0 + Aq) + 


(C*H«0 + Aq) + 


V 

/llaO 

(-2- + 


Aq) 

Aq) 


eyolvcd 7,300 and 7.030 hoat-nnits. 
7,480 heat-units. 


No more heat is produced by an excess of base. _ ^ ^ 

The following reactions show that the heat evolved ism ppoiiortion to the wl g 
base added : — 

The iBb third of barium hydrate added evolved 2,600 hent-uniU 

« » ” ” ’ . ■ f H.B 

The phenatos of Uio alknli-metaU yield Uiwr total heat of combination a 

moment of their formation. , , , , . *t,A bvdratcs of 

Tho fact that tho amount of heat evolved by the g-nio, an<l 

potassium, sodium, barium, and calcium with phenol as very ^ nresentf 

that it 18 scarcely influenced by the greater or smaller quantity ^ 
strengthens the conclusion arrived at before, as to the close pelationsh p P 
the true acids. of a tme 

TrinUrophenol, or Picric Acid . — That picric acid possesses the cnawc 
acid is shown from the following results 

The heat of combination with Potash is 

Soda .. 13;700 
„ Ammonia 18»70P » 
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The addition of a second equiyalent of aoda produces no more lioat. Tho behaviour 
of ammonia, on being added by successive tnirds, is illustrated by tho following 
ublo: — 

The 1st third of an equivalent of ammonia added evolved 4,240 heat-units 
,, 2nd ,, „ „ 4,200 ,, 

„ 3rd „ „ 4,270 

], 4th !• „ ““ ,, 


13,710 


It iipponrs, then, that neither an acid nor a basic ammonium salt can hiivo boou 
formed. 

Tho heat absorbeil during tho solution of picric acid was found — 7,000 units. 

Aldehyde, — The solution of 1 mol. of aldehyde in water prr)dnces 3,620 hoat-units, 
threo-fourthtf of which aro evolved almost instanUinoously, whilst several minutes are 
I nquired for tho liberation of the remaining fourth. This largo evolution of heat sooms 
to indicate the formation of a definite compound, with a constitution perhaps rcsem- 
bliiii; that of the liydrato of chloral. 

On mixing equivalent solutions of aldehyde and of sodium hydrate, it was found 
that 

(C-IW + Aq) + (Nano + Aq) evolve 4,326 hesit-miits, 


-which is about oiio-third p<art of the heat of combination of the true acids. 

Here, silso, a little more than half of the heat is given off at once, whilst tho second 
liiilf requires four or five minutes. Dilution of the mixture obtained with five times 
its volume of water causes an absorption of 1,510 beat-units, indicating a decomposition, 
at least pirtial, of tliu compound at first formed. It appears, therefore, that aldehyde 
partakes of the character of an acid as well ns of a base ; Uie combination with water, 
liowover, and tho evolution of tho heat of combination in successive unequal quantities, 
are phenomena peculiar to aldehyde. 

Alcoholic acids, — 1. Salicylic. The first of these compounds behaves as a mono- 
basic acid and as an acid alcohol at the same time. Tho heat evolved on mixing a 
solution of salicylic acid with a solution of sodium hydrate is 14,600 units, which 
number agrees with its first character. 

When a second equivalent of soda-solution is added, tho liquid becomes too dilute for 
the exhibition of any sensible increase of heat. 


C’K*0* (ciystnllisod) + 


/ Na=0 

V 2 


Aq^ 


evolves 


On addition of a second equivalont of soda evolves 
Then, on dilution with a five-fold volume of water 


. 5,270 heat-units 

. 2,000 „ 
.-2,050 


iihonce it appears that the bibasic salicylate is decomposed by a large quantity of 
iv.»tor, wheroHs the monoliasic salt is independent of tho quantity of water present. 

2. Lactic acid, C^IDO*. — 1 equiyalent ( aaOO grams) was dissolved in 2 litres of wator 
and half an equivalent of soda in 1 litre of water : — 


(C*H*0* + Aq) + a ^ ) evolve . • 

^ / Na^O ^ \ 

+ i [ — + M) .. . > 

J? ““Other 

n further adilition of 1 eq. soda 

on dilution with 6 vol. water 

3. Tartaric acid, 

(C'H‘Na»0. + Aq) + ^ ♦ Aq.gnre . . . 

^ diction 'with on equal T(Aiimo of Tfater . . 

crefore, in tho union of tlie neutral tartrate with soda 


6,810 heat-units 


6|O20 ,, 

fsTsso 

13,440 

210 

70 


— 50 heat-uuits 
-35 

+ 30 „ 


“PP«M, then, that the alcoholic acids exhibit thoir double function by the quan- 
iS deroloped in thoir combination inth bases. Their wid climactor shws 

« in all cases by the evolution of a quantity of heat proportional to the quantity 
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of L^e added, and independent of tlio quantity of water present so long as a neatml 
Halt is being formed. The alcoliolic character, on the other hand, is exhibited ospe- 
cially in the action of bases in very concentrated solutions, and by the rapid diminu- 
tion of the thermic effects on dilution with water. 

Thermic Xtelattone of the Cyanogen Componnde (Berthelot, Compt, mid 
Ixxiii. 448). 

1. Hydropyanio acid . — A known weight of the acid was decomposed bv yery strong 
hydrocfiloric acid, the mixture was dilute with water after the reaction was com- 
pleted, and the evolution of Iicat determined : 

HCN (pure and liquid) + HCl (dilute) + 2H®0 =» CH®0* (dissolved) B^t-nnlts 

+ NH'Cl (dissolvocl) gave -H 0,000 

and 


C + n + N = CNH (pure and liquid) — 37,700 

The same acid on dissolving in water may evolve or absorb heat, according to cir- 
cumstances. With a largo quantity of water 400 units are evolved. The ho<U of 
volatilisation of HCX is 0,700 units, lienee: 


Formation of the dissolved acid from its elements 


I, gaseous „ ., 

Ileat of combustion of liquid hydrocyanic acid 
„ „ gaseous „ 


Heat-units 

- 37,300 

- 43,400 
+ 166,000 
+ 172,000 


llydrocyanic acid, like other bodies whoso formation from their elements is attended 
with absorption of heat — acetylene, for example— is very much inclined to condensation 
and polymeriaation. 

From an examination of the other methods of forming this compound, Berthelot 
infers that if it could be produced by directly combining cyanogen and hydrogen, each 
equivalent would absorb —4,800 heat-units. This reaction, as shown by Gny-Lussac, 
and confirmed by Berthelot, does not take place. Assuming this number from a priori 
considerations, it may be compared with tno heat of formation of the analogous com- 
pounds of chloriiio, bromine, and iodine: 



Hcat-anits 

CIH 

. + 23,000 

BrH 

. + 12,300 

ITT 

, . . + 800 

Cyll 

. - 2,400 


The first three are formed directly, but with increasing difficulty as they descend ia 
the series ; the last cannot be formed directly. 

Hydrocyanic acid is, however, formed directly, with absorption of heat, from accfylene 
and nitrogen, under Uie influence of the electric spark: 


C‘-E* + N* = 2CNH . . . -4,200 heat-units. 


The production of hydrocyanic acid (formoniti’il) from ammonium formate tliro^B 
some light on the theory of the amides: 

CH*02NH» = CHN + 2H*0. 


This equation represents the full dehydration of ammonium formate. If it 
place at ordinary tempemturos with the solid salt, and with production of water ana 
liquid hydrocyanic acid, there would bo an abso^tion equal to —13,400 heat-units; i 
the salt wore dissolved, and the products were water and gaseous hydroqrinic a^» 
the absorption would be about —86,000 units. But the dehydration might baftcpo*"" 
plished in two steps, formaniido and water being first produced :■ 


CH=0».NH» - CONIP + H»0; 

and the formnmide being then converted, by farther loss of IPO, 
hydrocyanic acid ; and in the two phases of this dehydration equal quanbtio^i ^ 
should be absorbed. This, however, would be true for gaseous product diS“ 
combination of the elements of water with the amide to form the awinoiiia S® 
engages 1,400 heat-units ; with Uie nitril, 10,800. 

Pnfaisium Cyani^, — Experiment gives the following di 
Hydrocyanic a^, Sn dissolviug in 40 times its woigl 
to 100 heat-units. Dilute hydrocyanic uciil aftd dilate 
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PoUssiuni cyauijlo when dissolved in a largo quantity of water, absorbs boat equal to 
•iflliOunits. . 

’yram these data the heat of formation of potassium cyanide from its elements may 
1,0 rlcdueod, namely, - 12,200 heat-units. 

AVhen cyanogen iinltos with potassium, there is a disengagement of heat equivalent 
to tW 000 units. Tliis number is loss than that which tlie analogous elements givo 
iathoir union with potiissium, viz.; ■ Hcat-nnits 

CIK +102,702 

BrK + 89,200 

IK + 76,300 


The heat evolved in the combination of hydrocyanic acid with potash is less than that 
produced in the union of the same base with other acids, organic or inorganic; con- 
sequently, hydrocyanic acid is expelled from solutions of potassium cyanide, even by 
carbonic acid. ;i*otjis.siiim cyanide, when dissolved, changes into potassium formate 
mid ammonia, with disengagement of heat: 

CNIv + 211-0 p- CIIKO- + NH* • . • + 8,500 heat-units. 


— Ammoniii in solution, and hydrocyanic acid also in solution, 
pivo on uniting about 1,300 heat-units. Recently prepared ammonium cyani do dis- 
solved in 180 parts of water absorbs 4,400 heat-units. From these data wo can 
iI(Mhuo the amount of heat dmcngjiged when the two gases unite, namely 20,500 iinil-S. 
Tliis i.s only half I ho amount which chlorine, bromine, and iodine give uuder similar 
cunditions. Starting from the elements, we should ha-ve : 

C- + N- + 211- = CNJT.NIl® (solid) . . . + 5,500 heat-units. 

ycj'citriu Cyanide. — The formation of this cyanide from the clcmonts themselves 
(C* + N- + ITg =s IlgC’N-) would bo acconqxiiiicd by an absorption of about 
82,000 liwit-uiiita. 

The simple substitution of chlorine for cyanogen, with formation of mercuric 
liiloridc ((T-'N-lTg Cl® =» CFHg + C‘-N‘-), would disongago 50,000 hoat-units, or 
2;'i,00() for ouch atom of 03’anogen CN ; almost the same amount ns that which is dis- 
cnqfigcd when chlorine is substituted for cyanogen in hydrocyanic acid. Tho actual 
reaction, Cy-Hg + 201'’ « CFHg + 2CyCl, gives + 86,000 licat-iinits, tho cyanogen 
ehlorido being supposed to bo gaseous. 

Pofanaiifm Cyanatc.- -This body, when decomposed ]>y bydrochloric acid in presence 
|if sufficienfwatcr to dissolve the liberated carl»onic acid, disengages 28,800 hoat-units. 
Tliy solution of tho eyaiuito in 300 parts of water absorbs 5,200 boat-units. Fivm 
this ina}' deduce that in tho formation of this salt from its clcmonts 108,400 licat- 
miits Would be disengaged. Tho union of tlio c3-anido with 0X3'gen to form the cyanato 
would thus givo 108,400 - 12,200 = 06,200 units. 

rotis.‘<iiim cyanatc, when dissolved, changes by degrees into potassium carbonate 
iiiid ammonium carbonate. In tins decomposition 23,300 units of heat are evolved, 
or less by about 5,500 units than in tho reaction Avitli hydrochloric acid. Tho do*- 
c'-'nipositi'ju of the molten c3'aTiato by aqueous vapour into potassium carbonate, carbon 
dioxide, and ammonia gas, gives about 13,000 heat-units. This explains the great 
Caro roquired in tho preparation of potassium c anide, to prevent access of oxygen and 
Viiter-vaixiur, inasmuch as tlie reaction 


2CNK + 0® + 3n®0 i- K®CO» + CO* + 2NH* 


giTcs nearly 220,000 unite of heat. 

Chiwide . — Tho mixture of cyanate and carbonate obtained by the action 
™ iwt'isli oil this l)ody wna converted by hydrochloric acid into carbon dioxide and 
^1-animoiiia. Tho entire reaction gave rise to tho evolution of 61,700 units of 
»«at. Tho heat of volatilisation of cyanogen chloride, CyCl, ie 8,800 units. From 
uatii the follow ing reeiilts are doiluced : — 

ireat.nuits 


C + N + Cl « CNCl (liquid) 

„ »B CNCl (gaseous) 

Moreover, Cy + Cl * CyCl (liquid 

,, a CyCl (gaseous) 

Cyanogen Iodide . — Berthelot found — 

+ I* *= Cyl (dissolved) + KI (dissolved) 
in much (75 pts.) water 

I » CNI (solid) 

(solid) 

are gaseous . . . . • about 


CyK (dissolv 

Pwt:.. j.- t 


Cy + 1 - 

^ all the bo 


-14,500 
-23,300 
+ 26,600 
+ 17,700 


+ 6,400 
- 2,800 
^53,100 
- 12,100 
-16,400 
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Cyanogen Bromide , — In like mauncp— 

CyK (dissolvod) + Br^ = CyBr + KBr . 
Hence C + N + Bi* == GNBr (dissolved) 
= CNBp (solid) . 
Cy + Br « CyBr (solid) 

If all tho bodies aro gaseous . 


about 


Bieafe>aiiits 
36,400 (?) 
-40,000 
-37,000 
+ 40,000 
- 1,000 


The combination of cyanogen with chlorine yields theroforo a largo quantity of heut 
with bromino, less or none, according to tlie stato of the resulting bromide, wliilo with 
iodine, tliore is always absorption of heat. Consequently, the iodide and even the 
bromide of cyanogen cannot bo formed by direct combination, but they are produced 
by the use of polussium cyanide, through tho iiitcrvcution of the supplomontiuyoncrcy 
.arising from the fornuition of bromide or iodide of potassium. ^ 

In further illustratiou of the different behaviour of chlorine, bromine, and iodin*' 
Bertliclot adduces some of tho results formerly obtained by himself and Longuinina 
{Compt. rend, xix. 626), with regartl to tho substitution of those elements for hydroireii 
in cyanogen chloride and in acetic acid; — 

CNir C“H^“ 

Simple Biibslitutiou of H by Cl . . . + 23,000 + 6,000 hcat-unils 

H „ Br . . . 0 - 2,000 „ 

n „ I . . . -1.5:000 -14,000 

Action of C1-, with formation of IICI + RCl 47,000 + 30,000 „ 

„ Br^ „ HBr +KBr + 8,000 + 6,000 „ 

„ P „ HI + HI -11,000 -18,000 „ 


Beat evolved In the Formation and various Beactlons of the Oxides of 
Bltroffen (Bcrtlielot, Conypt. rend. Ixxviii. 162, 205). 


I. Heat of Formation of the Nitrogen Oxides, 


Monoxide + 0 * 
Dioxide N- + 0^ - 
Trioxido ’N- -h 0* — 
Teti-oxido N'^ + 0* = 
Fentoxldo N'-* + 0* — 


1 [cat-units 
NO (g}»s) — 18*000 

NO* „ -86,800 

NO* „ -64,800 

NO* „ -48,600 

NO* „ -45,200 


Diff. 

- 68,800 
+ 22,000 
+ 16,200 
+ 3,400 


Tho iiuiiibers in this table are of course not oblaiiied bj' direct experiment, but are 
calculated from a number of reciprocal transfornuitions of tho several oxides and acids 
of nitrogen. 

A comparison of the results shows that tho progressive formation of the oxides 
of nitrogon follows a peculiar course. In all cases there is an absorption of heat, 
which is greater for the sccoiul than fop tho first, but is progressiv'oly smaller for tlio 
last three. The formation of the most soluble crmipound, the te^xido, is not at- 
tended with either a maximum or a minim iim of absolute heat. Neither do the quan- 
tities of heat concerned in the formation of the different oxides exhibit any simple re- 

As tho formation of all the oxides of nitrogen from their elements is attended with 
absorption of heat, their decomposition must be attended with evolntion ‘ 

NoYerthelcss, these compounds are not of themselves explosive ; the dioxide, tne iOT- 
matlon of which is attended with tho Moatoat absorption of heat, is the only . 

is easily resolved into its elements. The heat absorbed in its formation, — 8oi»ou, 
near to that for cyanogen ( — 82,000 for C*N*X fw. acetylene (CH*) i . 

three bodies all exhibit a power of combination approaching nearly to that cn tMS 
radicles. These facts explain why tlio oxides of nitrogen are never formed by ^ 
combination, their foiunation always requiring the aid of an extraneous onoigy# sn 
electricity, or tho simultaneous occurrence of anotlier chemical reaction. 

Tho same facts explain the great energy of explosive mixtures 
tainiiig an oxygen-compound of nitrogen. Tho force of gunpowder sad otn« 
mixtures depends. partly on tho volume of tho gases policed, T^til 

f . e. on the quantity of heat set free on tho decomposition. The latter 
imperfectly determined by experiment ; the following numbers are more exact- 


N 

N 


0* 

0» 

0 * 

o* 

0* 


K - NO»K solid, evolves +02,800 


Na- NO*Na 
Ag « NO«Ag „ 
H* . NCFNH* „ 
H « NO*H „ 


+ 86,600 
+ H,60a 

+8o.yoo 
+ 10.600 
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II. Reciprocal Trans/wmations of the Nitrogen Oxides. 


( N*0 = N® -I- O . 

Monoxido \ 2N»0 + N-0" 

(4N*0 = 3N2 + N»0‘ 

( N«0-' « N* + O* 

J2N*()® « N» + N=0« 

Dioxide ^ ^ JJ 2 Q ^ Q, 

)2N“0"- = N«0 + N20» 

_ . < NW .-= N*02 + O 

Tnoxido j2}fJO» = NH)* + N-'0< 


Heat-units 

+ 18,000 (heat or electric spark). 

- 51,800 (imaginary reaction). 

+ 11,400 (spark). 

+ 80,800; then + N-0= -= N-0', or 
125.000 (heat or spark). 

08,800 ; then + N-0* « or 

01,000 (heat or sfmrk). 

- 22,000 ; then + N^O® * N®0*, or 

- 5,800 


Tlictrioxido <lissolvos in water ivithont npprcclahlo decomposition when tho quantity 
of water is largo and the temperaturo low; but with irisnificiunt water or an elevated 
temperature, a double dissociation appears to take pl.-ice, part of tho hydrate being 
(Ici'omposed into water and anhyflrido, and a portion of the latter into dioxide .ancl 
oxygon. The oxygen converts a further portion of nitrous acid iiitt) nitric acid, and 
I lie dioxide is evolved until, by tho destruction of the nitrous ju*id, tho solution lias 
i.ecoinc so dilute that tho tension of dissociation is balanced by the dioxide which re- 
iiiiiins dissolved. 


r N-O' N2 + 04 . . + 48,600 (spark). 

Tetroxido’J N'*0* = N®0® + O . . —16,200; then + NW =s N*0\ or 

l2N"0* = + NW(gas). -12,800. 

Till! last reaction is, however, imaginnrj’. It is noticeable that tho parallel reaction 
of tho ilioxide is real, and disoiigagos heat; that of tho trioxule, which absorbs a small 
amount of Jieafc, leads to a dissociated system, and that of the tetroxide, which thco- 
ivticjilly aliBorhs a larger quantity of heat, cannot bo effected. 

l*nUo,xinc. — N'-O* (gas) =* N-O* + O , , . . 3,400 hoat-unlts. 

Tile inverse reaction does not appear actually to take place. In tho case where botli 
N-O' a lid N'^O* are liquid, this reaction would produce no tlicrniie effect whatever. . 

Till! diffcrifiit modes of action between nitrogen totroxido and water may bo well 
illustrated liy filling two tubes of different diameters with tho vapours of tho dry 
tetroxide, leaving rather more of tlio liquid in the narrow tube than in ,tho wide one. 
AInt cooling, the tubes arc oi»ono<l under water, when the wide one fills entirety, 
owing to tlio ixiactioii, N*0* + «TI='0 = NO*H (dilute) + NO-II (dilute) fwhich dis- 
‘■iig!ig(!S 13,600 heat-units for N*0* = 92 grams). In the narrow tulio, tlie vapours 
(■'ind especially tho liquid tetroxide), coining in contact with a smaller quantity of 
i^iiter ,nt once,' dccolnposd thus : 

3X'-0» + mIPO « 4NO®II (dilute) + N®0» . . . + 8,800 for N»0^ 

Tlic tube rcmiiins partly 'filled with the dioxide. 


III. Action of Metals on NUHc and Nitrons Acids. 

N 0*H-0 (dilute) = N-O* (gas) + H*0 + O (combined) disengages — 33|200 + Q* 

M =-N®0»feas) + IPO + 20 „ -.49,400 + 2(1 

» *N*0» (dissolved) + H»0 + 20 „ -36,400 + 2(5 

= N*0* +H*0 + 30 „ „ -71,400 + 8Q 

M =N*0 ' +H»0 + 40 „ + 2,600 + 4(a 

• +H®G + dO •„ • - 15,400 + 6Q 

dilute a N-O® + O (combined) disengages —35,000+ ft 

»' N® +30 „ „ -51,800 +.8ft . 

“-41,400 obtained by Favre for the reduction of N*0* to N®0* has been 
presence of 9 p.c. of N'O or 6 p.c. of free nitrogen in tho gas- 
TV of copper on nitric acid would account for the discrepancy. 

W AmTnonia from Nitric Add. — If nitric acid beretluced to ammonia • 

aciil ^^y*^rogon evolved by a metal from dilute siilphurfc or hydrochloric 

reaction NO®II (dilute) + «H « NH® (dilute) -f 8H*0 evolvea +21,500. 
nitrous acid the reaction is : * . 

1^0* (dilute) + eH* 2IIH* (diluto) + 8H*0 . . f* h 829,000. . 

W*^™?!*"**^ ** PWrfuoed tv 'tbit union obM gtein. ot aJineQ i»lth tbe rnetel eniplof^^ 


Supply 


8S 
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V. Decom^oritwn of Ammonium Nitrate ^ — This salt is capable of decomposition in 
five different vays : — 

' Heat-nnlts 

tNO»NH< solid « N-0 + 2H*0 liquid . . . +67,300 

„ fused - N*0 + 2H*Oga8 . . . +46,000 about 

(2) „ - N» + O + 2H«Oga8 . . +64,000 

(») .. = + NO + 2H‘'Ogus . . +21,000 

h) liN + iNO- + 2IFOgi» . . +52,000 

(6) „ - NO*Hgns + NH*gas . . - 30,000 about. 

The first four of these xenclioiis correspond 'with explosive phenomena. The widely 
different quantities of heat evolved indicate how various may bo the effects of the snnw 
’^dy when exploded in different ways. 

VI. Formatiofi of Metallic yitrates^ mid of Hydnc titrate. 

Hcat-unita 

' N=0» (solid) + BaO « BaNW dry . . . + 81,400 

N'OMgas) + BaO - BiiN*0* dry . . . +111,200 

N^0*(ga8) + BiiO = BaN^O'dry . . . + 67,600 

N* + IV + 0* « HN^XO* . . . . + 80,700 

N* + H' + O* = NH'NO* . . . . + 67,600 

N + 0* + 11 - IIXOMiquid . . . + 19,600 

„ „ gaseous . . . + 13,000 iihout. 

A comparison of these nundjcrs with the heat of formation of similar compounds, 
such as barium sulphate, acetate and carbonate, ainmoniuin chloride, iodide, sulphide 
and cyanide, and of nitric with hydrobromic acid, shows that these reactions present 
no abnormal clniractcrs. 

VII. Heat evolved in the Formation of the Organic .Derivatives of Nt<r/c -The 
follow'ing 'determinations have been m^c by Berthelot {Compt, rend, Ixxiii. 260) : — 


Ethyl Nitrate * : 

C*H«0 + N0»H « 11*0 + C^IP(NO»)H 

Nitroglycerin : 

C*H"0* + 3NO*ll = 311*0 + C*H*(NO»H)» 

Nitromannitc ; 

C*H*^0* + 6NO*H = 611*0 + C*H*(NO*H)* 

Gun-cotton : 

CiaH*®0>® + 6NO»H = 5H*0 + C**H»OXNO»H)5 . 
Nitramidin * : 

C«H»«0» + NO»H - H*0 + C»H>0'(NO»H) 

Nitrobenzene * : 

C«H® + NO^H = H=0 + C*H*NO* 


Hcat-niiitd 
. 68,000 

. 13,000 

. 21,200 

. 66,000 

. 12,000 

. 36,200 


Binitrobenzene : 

C*H‘NO* + NO*H « H*0 + C*H»(NO*)* 
Oliloronitrobenzono : 

C*H«C1 + NO*H = H*0 + C®II'Cl(NO») 
Kitrobonzoic acid 


. 36.060 

. 36,000 
. 86,000 


Tho explosive force of these bodies is greater in proMtion to tlie 
evolved and the quantity of heat of t heir (internal) combustion.. The aev^^" 
heat atten^ng their combustion will, however, under othetwise cmachw 

Breater. ih proportion os less heat lias been evolved the p^VionJ 
m uijtrie add with the organic Iwdy, that is to say, in pcopoHlM aft 
nhric add and of the combustible constituent has Imenleis 5 aboutr 

of oombiiniation. The quantity of Jioat evolved in the 

4,800 ludts for each equivalent of nitric acid. This ie luu# WJTV ^„ 0 d 

and that th« nitric add andclyecrin, in entering 

neati^ill ttdr eneigy. ThiS’ expuiins tho ready decom^lbwQT v 


nearijraii their enail 
its formidable 


mialBi4^hstsi4gete prepared with 
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The Heat-phenonicna accoiiipiinying the transformation of Nitrogen TetTo:xido 
into Nitric Acid, and the introduction of thcso turo Ixxliea into Organic Compounds have 
also l)oeii determined by Troost a. Hautefeuillc {CompU rend, Ixziii. 378), with results 
agreeing nearly with tlioso of Bertholot. — The heat eTolved in the combination of 1 
cq. liquid nitrogen tetroxide with oxygen gas to form nitric anhydride, N®0*, was 
found to bo 23,500 units, the experiment being so made that the nitric anhydride wns 
I'lissolved in 100 parts of water. The reduction of nitric anhydride by hydrogen, with 
formation of nitrogen tetroxide and water, yields therefore 34,460 — 23,500 » 10,960 
units for 1 equivalent. The reduction of nitric acid to nitrogen tetroxide disengages 
luoro heat the greater the concentration ; thus acid of the maximum density gives 
17,500 hosit-units; acid of sp. gr. 1-48 gives 17,100; acid of sp. gr, 1 *46 gives 16,900; 
and acid of sp. gr. 1*43 gives 15,300. * 

Tlie heat disengaged ill tiie reduction of nitric acid (whatever be its state of con- 
centration) in substitution is always much smaller than the total heat observed in the 
combustion of the substitution-compounds. The following table gives Uie principal 
results. The second column of figures shows the heat disengaged by the reduction of 
tlio nitric acid employed, ns determined in each case : 


rruducts of snbslitutloii 

Heat dlrtciiKagcd by 
an equivalent of 
the orgaiiiu botly 

Kent disengaged in 
the reduction of 
the nitric ncid 

Heat lost in the 
combination 

Nitrobenzeiio . . 1 

38,400 1 

16,900 

21,500 

IMuitrobonzeiio . 

76,800 

34,400 

42,400 

Nitrotoliiono 

1 38,000 

16,900 

21,100 

Diriitrcjtohiuiio 

76,000 

34,400 

41,000 

Nitrounphthulcjio 

36,500 

1 15,200 

21,300 

rMnitronuphthsilcno 

, 73,000 

1 32,300 

40,100 


III tlio production of 


itric ethers the amount of heat disengaged is not so grout as 


with the substitution-compounds. This appears from the following table : 


1 

Nitric ctlioL’s 

Heat disengaged by nn 
equivalent 

i 

Heat disengaged by an > 
cqiilvalwt of the I 

nitric acid used 

, Nitroglycorin 

1 Gun-colton 

Nitromaiinito . . 

. 1 19,000 

. ; 52,000 

24,500 

6,330 

10,400 

4,080 


Thcso results confirm Berthelot s conclusion, that, for a given quantity of nitrogen 
nntering into combination, the available mechanical -work is greater in the nitric ethers 
than in the nitro-substitution-products. 

Thermoctaamlnal Itoaearoben on the Ammonia Salto (Bcrthelot, Compt, 
"Jw. Ixxiii. 746, 864, 057, 1003, 1050). — ^These researches are divided into throe 
r. 1 ’ ^ • 1* To the formation of ammonium salts of strong acids, such as 
O’l rocliloric, nitric, and sulphuric acid. 2. To that of the salts of weiik acids, as 
Cfirbomc, boric, hydrocyanic, phonic, and sulphydric acid. 3. To the reciprocal 
n -tar various ammonium salts and the oorresponding salts of the alkali- 


Part 1. A^nmonium SdU formed by Strong 

values relate to liquids containing b «1* 5“ * w that their 
(1 • volumes yields a liquid containing i eq. of noutmlsaltin the litre 


These i 


HCl + NH* 12,630 12,270 mean 12,450 hoat-unito 

HN0» + NH* 12,630 12,620 „ 12,670 

iU-SO.< + NH* 14,760 14,320 „ 14,680 „ 


uTninonia sensibly altered by the addition of an excess of waterf, of add 


i5? determined, in the first place, bj the reeiproetdl^iittimi .pj aejde 
(c*c. dp K|V— K of the quantities <rf neat evolved iti the two readjons 

" ' ^^^^posjtLon of immonium chloride by sulphurie acid and of ahmionihiQL sul^ 

8S2- ■ 
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T^ate by hydrochloric acid) is equal to the ^ffewnco of the hoate of 

aininoma by sulphuric and hydrochlonc acid: K,-K « 


IICl . 


+ 388 > 

- 1 , 666 } 


K,-K 

2,044 


neutralisarion of 

N-N, 

2,080 


-1,757 


1 2,060 


1,960 


NH».H(.n + 

-I- 

Taomsen found 320 and 148. 

NIP.HNO* + 4II’*.SO‘ 

Another mode of dotorinimition i» found in the rc^procalactwn o/^ or *«?/«. TIio 
^mrnnco K,-Kof Uio two quantities of halt thus oTolvwl is hkewiso equal to the 
tvo heats of neutralisation N — N| . 

+ ’ *140 [ + 1,480 


(NH^y-'SO' 

^Na-SO^ 
■ NKK-l 
KCl 
veil'd 
KaCl 


Nil* 
4Na*0 
Nil* . 
4K*0 . 
NiP . 
4Na+) 
Illl* 


N-N, 

1,180 


+ 1,260 
- 130} 

+ + 1,370 

■n,a’ 

40$ 


[|j + 1,380 

“f- 
0$ 

“I 4 1,370 


1,340 

1,140 

1,240 


iIP.SO< 

HCl 

UNO* 

iVPfiO' 

ITCl 

HNO* 

IKJl 

4lPSO^ 


iKO 
4K-0 


These calculations of N-X, ‘h pt nd upon the knowledge of the dovclopmeiits of 
heat attending upon the action of other bases on the same acids. 

Bcrthelot Thomacn 
. 15,710 16.646 

. 13,590 13,760 

. 13,830 13,770 

. 15,870 16,600 

. 13.690 13,740 

. 13,720 13,680 

. 16.020 16,670 

. 13,850 13,960 

. 18,400 18,4,60 


4K*0 
iNa^O 
4Na*() 

4Na=(> 
iCaO . 

4CaO (dissolved) 

WO 


A third mode of detimiinution udopted hy Borthelot consists in m^ing f®” 
r^bnt, and two acids, t® on^c anoth™ m ^.rs^ 

twoSC the one base from the same difference for the other base : 

to 80. 


4(NH*)*SO« 
‘ ilPSO' 

‘<»te 

KCl 

NffCl 


KNO» . 
(NH^)NO» 
KCl . 
(NIP) . 
NH‘NCl 
KNO*0» 


+ 46} 

- 24{ 
+ lllf 
-114} 


K,-K 

(II-H.)-(N'-N,') 

-146 

1*180-1,260 = -80 

1+24 

1,180- iiUO ■= +^® 

!+222 

126—1,140 •« +12® 


Part 2. Amuonium Salts formed hy Weak Acids 

Boric Acid, Heat-wl** 

B®0» (1 cq. cryst. acid. i.e. 70 grams of boric anhydride in i litres 9^ ; 
of liquid) + NH* (1 eq. in 2 litres) . . . r • 

+ NH’ (second cq.) . .. • • ' ’ 

+ NH* (thirtl cq.) . . • > 


+ NH’ (1 cq, in 4 lit.) . - . - 

oq, 5ii 4 Hb) + 1vol. water . • 

' ,V - V 


B*d*(eimo liquid) 
BH)^i(Ntt‘)’p (1 




BEAT. 


629 


iroafc-nnlts 

'l’“o|»9'828 

- 170 
11,130 

- /i60 

- 780 

-• 14o 

- 160 


J|=0^ (I c*!' (1 cq. in 2 lit.) 

+ ^Nii-O (s(H;ond eq.) . 

+ ANji^O (tliirtl oq.) 

U-0“ (wimo Uqui»l) + A^^si‘0 (1 cq. in 4 lit.) 
li-O^iNji'O (1 eq. ill 4 lit.) + 1 vol. wutcr . 

+ •'» 

l)iHoilii;Jlop:ito(thoabovelr(].) + 6 „ 

Tfiwubi? ilor.'ito ,, + 5 „ 

ll.Tc I lion tliopo is n ppo.^^peseivo doeoin position of the iimmonium borate by water 
deoiai* aiitl niopo rapid tlian tli.it of tho sodiuni borate. 

Carbonic Acitl. 

(.JCO- + Aq) + (Nll^ + Aq) . . . 5,3i)0 lio.it-iinitM. 

Tiiis value rolatcs to a .solution of 1-250 grm. c.nrboiiic anhydrido in tlio litre or 1 cq. 
of wilt prodiK-ed in 20 litres. 

Moreover, the solution of ammoiiiiiin bic:n-bonrit.o in ,50 pis. ■water gave —6,280 
lie:if -uiiiLs for 1 cq. A solution of 7!) gin.s. in 2 lifro.s gave, on dilution witli 9 vol. water 
-(iOO Juit-iinits Ibr 1 cq. Tlio <iccom posit ion of this salt (1 eq. in 20 lit.) by iiydro- 
fl:lnrii; aviil g;ivc J,.>20 units ; .-ind since dissolved carbonic acid lia.s no apprceiablo 
on a solution of sal -amnion ium, wo ha ve - 

((^O- i Aq)-l-(NIP + Aq) 12.150- 3,.320 = 9,130 for 20 lit. of liquid, 
or 9,130+ 600 9,730., 2 „ 

Indii'Cil deter mt no (tons : — 

(iCO- + Aq) + (AK®0 + Aq) 10.100 lieat-units 
4CO- + Aq + (ANa*0 + Aq) 10,200 ,, 

I'or the formation of Ihe bicarbonate^ of sodium and potassium Dertholot iissumes 
the values 1,110 and 1,100; groatur dilution produced scarcely nn3’^ alteration in the 
«;iflaiunt of heat evolved. 


(1.) Neutral Caidt07Hitc 

Am-(JO» 


11 1 lit.) + KXO* (1 (jq. 

in 4 lit.) 

- 120? 

+ AmNO* 

- 3 , 220 } 

+ NaCl 

„ 

- 20? 

4 AmCl 

„ 

-3,060} 

+ AIPSO^ 

»• 

- 100? 

jAm-SO* 


- 3,180 } 


K,-k N (calc.) 
+ 3,110 5,730 

I +3,040 6,000 
[ + 3,080 5,800 


:lAm2C()a (1 cq. 

iK-’r(v 
.‘Am-CO® 
iXa^CO* 

AAin-CO-' 

JK^CO'* 

The.s(« values agree nearly enough with tho above value, 7,170, for liquid of half tins 
■iigroc of (hhition. They ■were obtained at 22®. N appears to increase slightly ■with 
flecreasiiig temperature. Tho value 6,700 was octually found by tho combinatioa 

^Aiii*C0» + JK*0 = 3,400 and .iK-CO» + NIP = O. 

(2.) A7nmo7iiu7n Sicarbo7i(Uc, AmllCO*. 


KWrn”’ >" < ) - 


khco» 

AmllCO* 

XallCO* 

AinHCO* 

KH00» 

AmHCO* 

khco» 


K.-K N(calc.) 
+ 40 0,720 


, . . 40> 

AmNO". . „ 80( 

AipCl ,, — 260 1 0»620 \ 

iAm»s6* ” 1 120 1 + ?|700 

IS? . :: ; 

l)isfwd that previously found, namely 9,730. 

®*oniumnii **1 evolved no sousiblo heat in its action on solutions of am- 

caphnnii. presence of winter, on the other hand, the action of ammoniiv 

Tlio quantity, ns. in l;ho case of boric acid and. of phenol, 

'nvioil froni r Qnn”* » ^ ^irbonic acid on vaxying quantities of ammonia 

The 1 ***^^i^° 7,400 units, becoming greater as the concentration iriercasod.. 
noiifJoi of potassium and sodium may bo mixed together or With 

Thobieark, alkali-salts without perceptible evolution or absorption of 'beat, 

^nates of potassium and sodiuui exhibit" tbe same behayiour. . So jike-visa 
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does ammomum bicarbonate; it is but slightly docoraposiblo by water or by stable 
neutral salts, as potassium nitrato, sodium sulphate, sodium chloride, or ammonium 
cliloiide neither does it act ou bicarbonate of potassium. 

With neutral ammonium carlioiiatu tbo e.'iso is dif&rcnb : 


Am=0()'» 


(1 eq. in 1. lit.) + 


+ i (1 eq- in 2 Ht.) 

- 860 

+ 1 .. 

-1,290 

+ 11 .. 

■IMi) 

+ 1 

-1,660 

, Am-CO» 

+ — (1 cq. in 2 lit) 

+ 560 

+ 1 

+ 800 

+ M 

+ 980 

+ 2 

+ 1,106 


KIICO* (1 eq. in i lit,) + 


On the other hand, ammonium bicarbonato is dccomposod by potassium carbonate 
and sodium carbonato with absorption of heat : 

KHCO* (1 eq. in 4 lit.) + ^ (1 cq. in 2 lit.) — 940 

ji »» + I f» II ■“ 1,170 

I. „ + 1 ^ „ -2,290 

« „ + 2 „ „ -2,690 

Ammonium bicarbonate is attacked even by the neutral carbonato — 

AmH (1 eq. in 2 lit.) + JAm*CO» (1 eq. in 2 lit.) , + 620 


n result which would bo inexplicable if the two carbonates could really mix without 
alteration. 

Lastly, the solution of potassium carbonate is nut attacked by ammonia, wliilst tho 
solution of nmitral ammonium carbonato progressively absorbs heat as ammoniaus.. 
gradually added to it. 

From the preceding observations Berthclot infers that weak acids are characterisod 
hy imperfect combination, and by a division of the base of a salt betwooii the acid and 
tho water. The vaguo notions liilherto eritortainod respecting tho distinction Ixitween 
strong and weak acids and bases may thus l)o reduced to greater precision. A strong 
acid and a atmvg base^ form, by thoir uiiion, neutral sUblo salts which aro not per- 
ceptibly decomposed by water, and are not modified by excess of base; to this class of 
salts belong tho sulphates, chlorides, and nitmtes of potiissium and sodium.. On the 
other hand, a weaXe acid forms with all strong liases, and especially with ammonia, 
neutral salts which are partially decom|K)sed by water. Moreover, the energy of weak 
acids exhibits different degrees, recognisable by the heat-phenomena produced by the 
action of water on thoir salts, and by tho progro.*«8ivo action of Bovoral equivalents of 
ammonia. These dilforences of enexgy are strikingly displayed in the following doable 
decom^xisitions of salts : — 


Part 3. Recij^ocal Actum of the Ammonia Salts and the Salts qf the Fixed Alkalis, 

1. Roth Salts Jomied bg Strong Acids (1 equivalent of each salt previously dissolved 
in such a manner that the volume of the liqnid shall be 2 litres) : 


nXm^SO* + KNO* -100 

iiK»SO^ + ArnNO* 40 

j4Am®SO^ + KCl 0 

IJK^fSO* + AinCl 20 

1 AmNO* + KCl +110 

J KNO» + AraCl ..... -no 

C*H»AmOs + NaCl .... . +130 

C*H«NaO'- + AmCl - 20 


Tho hoBt*>phpnomena developed on diluting the same saline solutionir lirith 
Tolunie of water at the same temperature aro as follow : — , - : 

1K»80* + Aq . - JO I 4Na»SO*+ Aq[ . - 70 I 

KCa +Aq . + 00 1 NaCl +Aq ’ 

IQTO> + A<| . -100 [ l7sNO' +Aq 


. - sft- 

. -IIQ. 


Fiom this it ap^ra that the mixing of two neutral stjsbte salts 
with slight OToiutm os absorption of heat, which, hoover, 
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actions of water on tho two solutions in the separate state, v Hence Berthelot concludes 
tlvit the tliermonoutrality of salts assorted by Hesso (Ann. Chim. Phys. 1342 
[.'{1, iv. 222) does not exist. Tho true law of the mutinil cicUon of salts is represented, 
iccording to Berthelot, by tho equation (p. 628) ; 

Jf, - K « (N ^ Ni) - (N' - N\). 

2. One Salt formed by a . Strung, tla other by a Weak Acid, 
a, Heutral Carbonates. 

Ucat-unita 


5*K*CO» + AmNO* -3,220 

}jAni*CO> + KNO> .... - 120 

riK-G()“ + iAm*SO^ .... -.3,180 

ijAmW + iK*SO^ . . . . - 100 

UNa^CO* + AmCl .... -.3,060 

JjAm-COa + NaCl . . . . - 20 


These riiiTiibers show tluit stable ainmoni.a salts, in proscnce of water, are .almost 
completely docoiiiposod by tho Ciirbonates of potassium and sodium, with formation of 
till) still more stable nitratus, chlorides, and siilpluites of tho potassium and sodium, 
and of tlio least sbablo carlxmato of amnionium. Tho latter being immediately de- 
ciitiipuscd ill prosouco of water gives rise to the observed thermic cnoct, corresponding 
vith a complete or at least a considerable action. 

h. The bicarbomates of ix)tassium, sodium, and ammonium, being stable in water, 
cxliihit l)iit feeble thermal effects in their reaction with neutral stable alkali-salts, 
ii)iL8iinich as tho latter also do not give rise to any salt docomposiblo by water with 
al'soi'i)tioii of Imat. 

c, Phenato.s (1 cq. in 11*5 litres). 

|C“lPNivO + AmCT —4.100 heat-units 

■(Oir-AniO + NaCl * 100 

C'lPNaO + -4.300 

" TifcncJfl^ppears that sodium pVt^nutc in presence of stable nmnioni.a salts is com- 
pletely or^iiiost completely decomposed into sodium chloride, sulphate, &c., and 
unimutiiiim pheuato. 

d. Borates (1 cq. in 11'5 litres). 

+ AmCl . . -2,250 

NnCl . . - 480 

The chief pixiduct of these reactions is ammonium boriite. Tho borates of sodium 
and niumonium appear, however, to net upon one another : 

B’0» + B’0» . . . . -200; 

2 2 

''liile, ou dilution with an equal volume of water, sodium borate alone gives —SCO, 
and ammonium bornto — 1,000 heat-units. 

e. Cyanides. 


/KCy (1 eq. in 2 litres) + AmCl (1 eq. in 2 litres) . . —600 

UmCy + KCl - 40 

KCy + iAm«SO» . -590 


, The entire transformation of potassium cyanide into amnionium cyanide and potns- 
chloride (or sulpliate) would give 1,140 — (2,040 — 1,300) = -- 500 lieat-anits, 
I ^}dch, on account of the dilution, must be added — 100, giving tlie number —600, 
o»A'iined p above. 

According to Thomsen, whoso results are confirmed by Berthelot, the sulphides 
! sodium, and ammonium, are completely resolved by water into siilphy- 

free alkali. But the sulphurates are stable in presence of water, or if not 
Q'plotcly, at least as much so as the bicorbonates t 

2AtaCl '+ Na*S , . +1.260. 

bQ?‘”nu'intity of hftit anl^wers to tho action of 1 eq. free soda .on ammoniiira cblcride, 
^ w which come into piij^ in the reaction. 


+ Um*SO« . -2,250 
. B»0» + iNtt'SO* . - 4fi0 
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3. Both SaJh formed hy Wciik Adda, 

a. Carbonates and Oyanidos (each solution conbiluing f eq. in the litre). 

rKCy + AAin=CO* + 90 

lAmCy + iK-CO* -2,180 

In the second case the transformation is complete. Potassium hydrate, potassium 
carbonate, and am nionium cyanide do not act on txitassiiim cyanide ; the biearbonates 
on the other hand, produce with the cyanides an evolution oi* heat, because the oxccsh 
of acid in the bicarbonate takes up pirt of the base united with the liydrocyaiiic 
acid. ^ 

b. Carbonates and Phonatos. 

C^fPNiiO + Mm-CO* .... —2,010 

OHUmO + jNa-W . . . . -L120 

In both oases decomposition bikes place in ronscqucnco of dilution and of tlio pocu- 
liar reaction; the most stable salt, viz. sodium carbonate, is the chief product. 

c. (Carbonates and Poratos. 

. B-0> + > Ara'=CO> 200 

^^“9 . ir-'O* + WCO’ .... -1,B90 

A 

In llio second case the transformation is almost complete; and it probably takes place, 
to a sraaLl o.xtoiit also in tlio first, since the first number is sranllcr than that which 
answers to the simple dilution of the sodium Ixirato ( — 560). 

+ AnillCO* .... -1,630 

•i'll’i!? . IVO’ + NaHCO* . ... - 490 

2 . 

In this case ammonium borate and sodium bicarb >nate are almost the pioducts, 
the. latter being the most stable, and not perceptibly decomposible by water* The 
.Yoiivorsu reactioa appears, how'cvor, to take place to a certain extent, inasmuch as Uie 
dilution of ammonium borate absorbs a quantity of heat ( — 1,000) greater than -490, 
The latter conclusion is confirmed by the following reaction : 

Na-O jj-o’ + ^^,HCO• -680. 

A 


This is exactly the boat of dilution of sodium borate by pure water ; there 5s, there- 
fore, no transformation of any importance. 

The foregoing researches on the double decompositions of dissolved salts idiow that 
under tbo conditions of the experiments the most stable compound is formd'in large^ 
quantity^ and often to the cjc/if tf all the rest (Bertholot, Compt, rend, Ixxiii. 
1050). ... 


Beat evolved or absorbed In the formation nnd dodompoiitlon of 
Vormlo Aold* — Favre a. Silbermann found the heat of combustion of forinic ^ 
amount to 96,000 heat-units per molecule, that is to about ns much is that of Ih® 
carbon contained in it. According to this determination, the production of formic aciu 
from sodium hydrate and carbon monoxide must bo attended with an absorption o 
heat amounting .to 2], 000 heat-units, instead of n development of heat, 
other cases. In the formation of formic acid from carbon monoxide 
bonate or bicnrlxniate, the absorption of heat must amount to 24,600 and- 381 ipw 
heat-units respectively. Uonce Bertholot infers that formic acid must hafs a consn- 
tution difibrent from that of the other fatty acids, and he seeks to explain the 
in several ways. Yet tlio number given by Favre a. Silbernmnn ; 


thohr (rtm statement, on an imperfect exporimciit, nnd its deviAtfon iromthc WWjj^?^ 
number is regarded by them as duo to this circumstance. , 

’ Thomsen hue therefore made a determination of the heat 


acid, based on the fact that potassium formate in dilnto aqueous solutiph iA pp^F^ 
oxidised to carbonate by potassium permanganate. - i]!e finds that , 4 = . > ^ 

(COsiUC Aq,0. + KAq) » 72,912 hent-units; > 

tlmt is^ that 72»0 12 heat-units, are developed in the oaiidiktioR' 

Above manner (the symbol K stands for liOH). . r ;!?, '■; 
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I'rom tliis number bo calculates tlie heat of combufition of formic acid, as well as the 
be»t crolroil in the formation of the acid from its elements 


Hctifc’Units 

U7 = 

13,200 « 
72,912 = 


ICO’HKTiRA^ll - 5(CO’IP.O) = 

“ KCO».2KAq) = 


Hunt-uiuts 

60,193 

26,000 


86,2o9 S9,2d9 

This eiilciilalion gives 00,193 heat-units for the heat developed by the complete oxidn- 
tioii of ii molecule of formic acid to water and carbon dioxide, which is about 30.000 
K.-fi tliiiii tlio amount determined by Tavre a. tSilbermarin, and adopted by BertheloL 

III the foimatioii of formic acid from its elements, the developmout of heat is calcii- 
l.iti'd to amount to 10d,124 heat-units: — 

(C,II»0=) + (CIPO^O) = (C'.O-) + (II=,0) 

100,12-1 + 60,193 « 96.960 + 68,37d 

lient-units Hcat-niiits ircat-iinits Heiit-iiniis 

Thomsen further shows that tlie formation of the acid from carbon monoxide and 
wiit.T would bo accompanied by an evolution of 6,607 lieal-units ; that the formation 
ot'sixliuni formate from carbon monozido and sodium hydrate is attended with a dn- 
vdopmeiifc of at least 19,954 heat-units ; that the formation of the acid from carljon di- 
oxido and hydrogen would likewise be attondod with an evolution of heat urnniinting to 
8,161 heat-units ; that the heat absorbed in the decomposition of formic acid into carbon 
moiioxido and water by siilpliuiic acid is compensated by the heat evolved in tlio 
union of the sulphuric acid with thcw’ater; and that tho decomposition at a high 
tcnipcraliire of the vapour of formic aeitl into carbon dioxide and liydrogen, and the 
ri.Mi of teinpernturo which llort helot hasobscrvc<l to accompany that doeomposition, are 

ju rfictly normal phenomena. ITo therefore concludes that formic acid does not present 

till) roinarkablo anomalies in tho hcat-plunioniena of its formation and deoomposiLioii, 
vliicli Ik-rtludot supposes it to exhibit {Deut. Chem, Ges, Jkr. v. 957). ^eo furtlier, 
Tiir|jjif:]oU(?ow/p/. rend, Ixxvi. 1433 \^^Chem. Sue. J. 1874, 1099). 

Beat evol^fd in the Combination of Snlpbnrlo Acid and Water.— Tlic 
riuiintities of heat evolved in the liydratiori of sulphuric acid have been determined by 
iiiffoi'unt obserrors, not always with concordant results. Tho following table exhibits 
lluNo dctmaiuatioiis of the quantities of heat in kilogram-degrees evolved by the 
iiiiMiiri) of 1 ihol. hydrogen sulphate, H-SO', with 1, 2, 3 . . . mol. water ; tho numbers 
k‘iiig pocluced, when necessary, to. a common unit: — 


1 fri'nm H=SO* 

Abria 

Hosa 

llCS3 

Favro a. 
Silbermann 

• 

'i'honiscn 

I’avre a. 
(^iiiillBrcl 

II-VSO' with H-’O . i 

64-2 

635 

77-7 

64*7 

63*3 

66*4 

» 2H»0 . . 

94-7 

95*3 

110-4 

94-6 

— 

9j)-5 

3H*() . . 

1130 



— 

111-9 

111-9 

118-3 

1, 4fTO . . 

1242 

— 


122-2 


130-1 

„ 611*0 . . 

131T 

1271 

148-9 

130-7 

130-3 

139-2 

6IPO . . 





— 

136-2 

— 

146-9 

7IPO . . 




— 

141-8 

— 

152-9 1 

M 8TT-0 . . 





— 

M5-1 


- I 

9H-0 . . 





-- 

148*5 

— 


" excess of water 

— 

i ^ 

— 

• 148*3 

17-6 

- 1 


h OAm. 1869, 122) has measured tho quantities of heat evolved 

]l "Afferent hydrates of sulphuric acid ivhcn mixed with an excess of water, and 
•8 thoijce calculated the values sought Tho hydrate to he examined was enclosed 
Wo? T between 10 and 50 grams in tJiin narrow-necked glass bulbs, which were 

liast If before and after filling. One of these bulbs was placed in a small shallow 
• yet susponde<l in the calorimeter, and inov^ about in the water — tlie qiiantity of 
calculated so as to yields on mixing, the hydrate SO* . 120H*O or H 'SO* . 

the water and acid liad attained the same tompcEaturo. The thermo- 
^ben rend off, and the bulb immediately broken. The acid, on stirrings 
•iiiil ^be enthro liquid in less than a second, and tho thermometer rose quickly 
f soon came to rest, the large quantities of Kquid employed and the short duraliou 
® experiment rendering the influence of riw surrounding strata of air quite iin- 
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09.' the obserred rMults, tbo valuw in the iToUnwing taUe jm, 

.etermined 



Formula 

Quantity of heat evolv^ with 
au cxocaa of water 

Qnantitiee of heat 
evolved in tho 
formation of 
TOvcral hydrates 
from 1 gram tA 
inonohydrute, 
H*SO* 

1 

QuanUtlosofheat 

OTolved on addl. 
tlon of each iqole. 
onto of water to 

1 gram of mono* 
hydrate 

Per gram of 
sulMtance 

Per gram of 
monobydrato, 
ILW, contained 
ill tho Bubetance 

SO*. 

H-^O 

1811G 

181-16 

0 

0 

SO*. 

en^o 

130-66 

142-60 

38-47 

■ 

so*. 

2H-0 

gi-io 

111-44 

60*72 

69-72 

so*. 

ilH*0 

7306 

03-19 

87-97 ' 


so*. 

3H»0 

56-84 

77-72 

103*44 

83-72 

so*. 

JH*0 

4705 

68-66 

112-60 1 



so*. 

4H*0 

40-15 

6231 

118-85 

16-41 • 

so*. 

6H*0 

28-50 

49-43 

131-73 

12*88 

so*. 

6H*b 

21-04 

40-36 

140*80 

9*07 

so*. 

711=0 

15-73 

33*07 

148-09 

727 

SO».126H'0 

b 

'o 

181-16 

"* 


Tlie numbers in tlie lust column but one are immediately comparablo viUt those of 
former observers given in the preceding table. Some of them agree most nearly vitk 
those of Favie a. Silbcrinann, otliers with those of Favre a. Qaaillaid« \ 


Heat dlaengaged la the Seaetioa between the Italold 
Water, aad Its relation to the Moleenlar Volama df tha ■olatiwu 

(Berthclot, Compt. rend, Ixxvi. 679). . 

1. Hydrochloric Acid,— A. molecule of the g^i., (36*5 grams) in 
400 times its Weight of water disengages 17,480 heat-units and 'fhen 

aqueous hydrochloric acid of different degrees of concentratioil^'' diluted .^t)i ^ter* 
the heat disengeged varies inversely as the quantity of water alr^y. ilintpd 'j^^.^^ ^7* 
dracid. Tho molecular volume of the solution HCi + nH^Oisez 


i8» + : 

2. Hydrchromic Acid , — The heat evolved in this case by a molecule plP wgJ*^ 


20,700 bent-units, and tho effects of dilution are the same as thoss^fi^^^du 
liydrocliloricacid, except that, at the maximum of concentration, the sblutionirof hjwjf 
bromic acid disengage somewhat more heat, a relation analo^us to that obtainigMiw 
the two gases. The molecular volume of the solution HnP + fijl^ 
nearly by the formula : 




18a + 25'5 — • 

n 


8. HgdnoSio Amd.—m+ 700 H*0 disengegM 19,870 heatonita, 
ngaged on diluting tho concentrated solution is nearly the same at that 


engageu on aiiuung ino conceniruieu suiubiou jb avarij wxo snuio 
chloric acid and hydrobromic acid, from which it would appear that tiw 
work accomplished in the reaction by these throe hydracids on the - 

equivalents of water is the s^o. Tho formula representing the molociuhy.y^’^, 
the solution HI + nli-O is v 

V « 18« + 35*6. ' 

At0° C. one volume of water dissolves 600 volumes of h; 

— 12®, 560 volumes; of hydrobromic acid at 10^ about 60(1 
acid about 425 volumes. ' ■ , ' 

An almost constant difference is observed between tha 
solutions of hydriodic acid and hydrochloric acid, and also 
and hydrochloric acid, which in tho former case is 17*8 C.C., 

^hp same difibrences are found in dilute solutions of 
iodides of potassium, sodium, and ammonium ; . alkQ betwMQ 
occupied by iCI being 17'8 c.e. greater than that oijKCli aiwir^ 

KCl. Neiudy the ((lunei differences in thS^ UwdiMudar vpl^^ 
compotmab^ siich as the. chloride :uid iocBda.of. a^yU 
tbia does not obtatoi as in the comparison.cff tlw mcw 
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tbttho molecular volume of a chloride is less than that cf the bromide, and this again 
loss than the corresponding iodide. This fig^es with the thermic results obtained in 
tliu formation of these compounds, the formation of chlorides disengaging more heat 
thsin that (»f the bromides, which in their turn disengage more tlmn tho corresponding 
ioilidt's. It ■would seem, moreover, that the formation of (?oni|>ounds which present an 
;iliiif)st constant dinci*cnco between their molecular volumes, corresponds with a nearly 
ridistiiiit cliftcrcnce in tho amount of heat disengaged. ' ^ 


Tbcmial nenoiiiieBairf BoabteDeMmposlUoii.— a. BcrtholotaodLonmii. 

iiiiio {Cnmpf. rt’arf. Ixix. 626) have exiiniincd the thermal ofTeets iwoducod in double 
ilirorai>o.sitions wliicJi arc completed in a short time and at. ordinarv temperatures, 
«itli.ait yiehjmg secondary products. Such refictions are found in the decomposition 
oi tho clilondcs and anhydrides of acid radicles by water and alkalis. Tho add 
I'hlnriao, or dilute solution, was introduced into a weighed quantity of water or 
(liluto alkali, continued in a platinum i^alori meter, its quantity determined by a final 
weiglimgi aud verified by alkali metric determinations. The correction for cooling was 
always loss than yos* sometimes ns little as of the entire rise of temperature. 

Decompositioii of Acetyl Chloride hy For 1 eq. =78-5 grams .of acetyl 

(■hloride, the moan of three determinations gave 23,300 heat-units. Tho heat of solu- 
tion of 1 eq. hydrochloric acid gas is, according to the moan of four experiments, 
17,430 hcat-uuits, and tliiit of 1 cq. fused glacial acetic acid about 400 heat-units. 
Oonsequently, the heat evolved in tho reaction C'-'H^OCl -h 11*0 = C-IPO- + HCl 
is 23,300 — 17,400 — 400 = 5,500 units, if tho several bodies aro supposed to be in 
tlieir ordinary state. 

The heat of combination of 1 cq. hydi*ochloric acid with 1 eq. pobisli in dilute 
s.) lutions was found, as the mean of two experiments, in accordance with Favro a. 
SilbcWnnnn s determination, to bo 15,700 units, which number, taking account of tho 
siiL'tfiuc Iiosit of sohitioim of calcium chlnrido (p. 600), mu.st bo reduced to 14,000. Tlie 
ii« at et eonibiuatiou of 1 eq. acetic acid with potash amounted, in tho mean of three 
cxpepijiionts t() U,100 units, which, taking account of the specific heat of solutions of 
uutassium (Rotate, will be reduced to al:)OUt 13,400. 


1800(1 fiin c T -"C’WO® + HBr is 23,300 - 21,150 - 400 « 

I , le seicral bodies being supposed to bo in their ordinary state. 

fur Iodide hy Water. — Three dotorminatinns gave, as a mean 
iLs q milnn V The heat of solution of 1 eq. hydriodic acid was found, 

r<«ctirf“p.nT ^ units. Ilonce tho heat evolved in the 

r<aa.on C*H-OI + H*0 =. + HI * 21,400 - 19,570 - 400 « 1,800 units. 

27 OoTunit!!^*^ Bromide by Wafer. — The heat evolved for I eq. was 
nmoiiniftd lasted nearly an hour, and correction for cooling 

ikcomDositi/i * *® value. Tlie result was thori'fore checked by^ tho 

doduct^l i?" gave 56,100 heat-units. If, from this, we' 
aiipcHM «f butyric acid with potash in dilute solutions, which 

binatioil of experiments, to bo 14,960 units, also the heat of com- 

Wfi finrJ potash, which, according to Favro, is 16,600 

2'),650 uniffl for the heat of decomposition of butyiyl bromide bv water, 

of solution ftf 1 the direct and indirect values is 26,300 units. The heat 

W evolvrS • ??' jn water was found to bo about 600 units. Hence the 

- 600 i + H*0 = Cai-0= -f HBr is 26,300 - 21,160 

» 0 units, the several liodies being supposed to bo.iu their ordinary state. 

7Sttioy3. A.-l.-J-’t. » nr- . _ . 


tvo exppriinftrf o ^ Water , — For 1 eq. =102 grams tho mean o; 

^^ndeped np,.ncef 12,800 heat-units. The duration of the experiment for an hour 
^l»’dqction of ^ cooling amounting to ^th of tho total value. After 

12,000 heat units reaction (C»H*0)*0 -h H*0-2C*HW 

Me of SolulioiiSt and Influence of Wattr 

11801 (^: Arch. Ph. Nat. xxxvi. 310 ; Compf. rend. 

substance in thoso phenomena by means of solutions containing 1 gram 

‘‘“ustitutiofioi , *'*1^ anhydrous state^ or (in the case of acids and salts) containing only 
• . solutionii^’^Vn? solutions are designated as fg, 

‘‘uliition will, ■ , thermic effect of dilution was determined by mixing each 
anioii«f!2 volume of water^ TPhe total quantity of tho mixed liquid 
Sisth of a dn!? ^ thermometers used indicated the tomporaturo 

Ota degree. T^ results are as foUow:— - 
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1. The addition of water, to the solution of a single body produces apoeitireor 
negntivo ulteration (rise or fall) of temperature, which, for the most part, -does not 
exceed 0’2° for ^‘^-solutions, diminishes to J for dilution to ^*5, and to ^ for dilution to 

and may therefore bo neglected below this limit. This rule, lioweTer, does not 
apply to nil cases. Thus, in the dilution of sulphuric acid, tlie rise of temperature 
increases the more the solutions are diluted, nmoiiiiting to 92, 135, 185^ and 255 Jieat- 
uiiits for 1 oq. (**49), accordingly ns the solutions were diluted to sjy, ^,.or X. 

2. The mi.\tTire of the solutions of two salts which do not act on one aim^e^pro. 
duces in general loss nlteratiou of temperaturo than tho simple dilution of tliese'tolii' 
tions. Development of heat tnkes place most frequently in cases whore the two snlts 
m<ay bo suppusod not to act on one anotlicr, e,g. with two salts of the same base, and 
absorption of heat wlion they aire capable of forming a double salt. Sometimes, hou’- 
over, tho tlicrmic action in tlicsc reactions is much more considerable, as in thd mixing 
of sulphates of .'ilkali-mcbil with sulphuric acid, which is attended with considerable 
absorption of heat. 

3. Tlio dilution of a solution containing two salts which do not act on one another 

with an equal volume of water, generally produces a very sliglit thermal effect, which 
is nearly oqmil to tho sum of tho thermal effects produced by diluting the two snlts 
separately, and decreases rapidly as the solutions are more diluted. A remarknhlo 
exception to this rule is exhibited by the dilution of the, acid sulphates of the alknli' 
metals, which is attended with a considerable absorption of heat, rapidly incic^sing 
with tho dilution. In tho case of acid sodium sulphato this thermal effect iiicrkses 
for 1 0.]. from 58 heat-units for a units for a ij^^-solution. This 

result affords the explanation and, to a certain extent, tho measure of the decomposi- 
tion of this salt by w-ater. 

4. Tho mixing of two saline solutions, or of a salt and an acid which decojpposc 

one another without forming an insoluble product, gives rise to more or less eonsulcr- 
able thermal effects, which Marignnc hits not yet compleUdy studied on account of tho 
difficulty of scpiiratiiig them from the complicated effects* resulting from the dihition 
of the solutiniKs employed. The experiments have tlierofore been limited to a small 
number of bodies, merely to ascertain how the, results vary according tq Aejfe ^y- 
dilution. These iircliniinaiy experiments sho'Aryhat tho thermal effecUfllffiiMronsuler- 
nbly wdth tho d<‘greo of dilution, and therefore thof the chcmicajUitf 2^ may also vary 
therewith. Thus tho action' of sulphuric acid of sodium 

sulphate evolves 218 units of heat for tV* and 539 iimTs’^or ^^solutiouB. On the 
other hand, in the action of nitric acid on sodium sulphate, thore is an absorption of 
heat varying from 1,965 to 1,256 units, accordiDgly ns or <„\;-solutions ore employed. 
That diffbront chemical actions really take place in tlioso cases follows also from tlio 
tliormal effect prodiicod on diluting such a mixture. Jk} 11 i valent quantities of sulphuric 
acid mid sodium nitrate, mixed in -f\j-solution», yield —90, 4-46, +169, and +838 
heat-units, when diluted to 5^5, i, jJj, and yjg. JSimilar effocts may also take phwo on 
mixing tho solutions of two neutral salts. Tho mixing of equivalent quantities 01 
aluminium sulphate and sodium acetate is atlendwl by an absorption of heat varong 
from 2,454 tx) 3,047 units for a dilution of to jJjj. This experiment shows 
further the incorrectness of tho assumed principlo of according to 

which dcTUble decomposition between tw'o neutral snlts should not bo accompnmoa by 
any cliange of temperaturo. Moreover, it does not appear to be a matter of indif^ucfl 
whether two concentrated salt-solutions aro first mixed and then diluted, or first diluteo 
and thou mixed. Dilution after the mixing of concentrated solutions does not ap^ 
to bring about so conipleto a state of equilibrium, or to produce this offhet so qtticwyi 
as tho mixing of previously diluted solutions. 


Beeompoaltloii byr Heat. BUaoelatlon— Vbermolyf ti (£*• Hohr^ ^ 
clxxi. 361). ' . ^ ^ 

The terni *clis.socintion * was originally applied by Devillo to signify 
of a compound into its elements, ultimate or jiroximatc, by tho - 

without the intervention of any other substance capable of breaking up tJieeO^ ^ 
tion by its superior affinity for one of the elements. It has 
denote mol’s especially those decompositions by heat in which only a 
of the con.stitucrits take place ; but the original signification is the 
and is most generally adopted. As however, • Disswiation* inightbeajpllod^ttWv ^ 
to tho separation of a mass into its constituent particles, simi lar or diwsiitajwi 
icalor any other moans, Mohr proposes to ropbico it by the more v 

An essential condition of decomposition .by heat dhe 

Glcmcnts bo capablo of assuming the gaseous state;- compduhds.'Ul?®’^ 
catjus, both whose constituents are 4ix5i in the fire, aw‘ mtjf'r- 4 
alone. . " ' ■ 
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Another essential condition of thermolysis is that tlie constituents, of the compound 
shall, in combining, have given out heat ; niid tlio process of thermolysis cousists in 
restoring to tlic elements t he heat which they have lost in combination. When 1 gram of 
hydrogou gas unites with 8 grams of oxygen to form water, a quantity of heat is evolved 
capiiblo of rtiising the temperature of 34,462 grams of water by 1° centigrade, the two 
gjiscs iind the water produce*! being supposed to bo at the temperature of 0° 0. 
WlicTico is this heat derived ? Jt did not pre-exist in the gases as heat, at lofist not as 
scnsiblo or communicable heat ; but the gases in combining hiive lo|||]t that peculiar 
jnovoniont of their atoms and molecules, which is the essential condition of the gaseous 
?tato, aiid^ have been converted into the much less volatile compound, ■water. 
Now it is just this quantity of motion which, in the act of combination, is converted 
into wjnsible heat, amounting to 34,462 units ; and if the water is to be resolved into 
its constituents, these 34,4G2 units of heat must be restored to the elements, and 
rcoonrerted into the kind of motion whidi is essential to the gaseous state. Tliis 
may bo effi cted in two ways : — 

1. Ily Tftrrmo/^i/siSf wlioreby the heat is restored to tlie water directly, either by 
means of Grove’s white-hot platinum ball, or iJcvillo’s white-hot platinum tube 
Suppl. 426). 

2. By FIrctrolysis, In this mode of decomposition the required qiiantitv of motion 
is imparted to the oloments of water in the form of an electric current, which may be 
generated by dissolving zinc in acidulatod water. Now a given quantity of oxVgen 
(lovoloix?.s more heat in wjmbining with zinc than in coml)ining with an cqumUmt 
quantity of hydrogen : lienee when tlie zinc decomposes wat<*r, with formation of ziric- 
nxido and liberation of hydrogen, there is an excess of liuat available for conversion 
ififo other forms of energy ; and this excess, by the peculiar arrangement of the voltaic 
iippsiiMtus, is trunsftjrred to the conducting wire and thonco to the decomposing coll, 
whirpu it etfccts the decomposition of the ciectrolytc. The required amount of energy 
nifiy of course bo supplied in other w'ays, e.g» the application of muscular ixiwcr or 
iitwim-powor to drive a magncto-olectric machino, &c. 

Mercury heated iri^the air nearly to its boiling point takes up oxygen, forming reil 
niiTcunc oxide, ■which at a higher temperature is resolved into its elements. In this 
w, jL jjConibi nation of the oxy^ou and mercury is attcMidod with evolution of 
hojit (though, iVtSLtho peculiar circumstances of the reaction, it is not dii-octlyobsorv- 
-■» 'll.'), innsiniich fw^^fVi^ygen h,y-i:^afis^^ from the gaseous and tlio mercury from the 
iquui, into the solicr^t<« ■ cTi.'iis qusiutity of heat is restored by raising the mercuric 
oxiij! to a high temperature, and then tlie compound decomposes. 

When 2 volumes of ammonia gas are passed through a red-hot tube, they aro 
resolved inl^ 4 volume’s of permanent gases. Now the formation of nminonia (which 
I'linnot be encctcd directly) must have been attended with evolution of heat : 1 . bucauso 
cnsjition lias taken place ; 2. because two cloments which are permanent gases in 
in rco Btftto, have passed into tlie less volatile form of ammonia. Tho licat thus lost 
H com anatioii is restored by passing tho ammonia gas through the rod -hot tube, 
aiarsh.gos, CH< i= 16, gives out in burning 209,008 heat-units. On the other hand ; 

1 at. carbon gives out . , 26,960 lieat-units 

4 at. liydrogon „ . 137,942 ., 


together 234,808 
•Subtracting the above • . 209,008 


there remains . 25,8(>0 „ 

deilTnf burning evolves 26,800 heat-units loss than its 

resolved • ^ volume of marsli-gas be passed through a white-hot tube, it is 

duit m? ^ K a small quantity of carbon. IIoi'o, tli^n, is a proof 

^ould half the volume which the contained hydrogen 

‘lenients^^**^/” has sustained a loss of molecular movement. If the 

separation, they again givo out the entire amount of 234,808 
♦'^loro^’ore, in separating have regjiined this amount of molecular 

^>502 greater facility in proportion as the elements of a 

'■“timonidc fif ^’idely from one another in their chemical characters ; thus, the 
’^oreiBaa;! ^1 ^ decomposed by heot more easily tliaii tho orsehide. and this 

,riij^*!**y the sulphide. 

8iK-h^ metals are very easily resolved into their elements by hent. 

l OTiIi «>tluooA by hvdrogon, less heat is produced tlmn wlien tlio 

oxide has 1 oxygen, beenuso the latter, in its state of combi natioiv/ 

lost Its gaseous form, and the molecular movement belonging thereto. 
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The peroxides of load and manganese are resolved by heat into free oxygeii and lo^ 
oxides ; and it is conceivable that at a higher temporaturo they miglit be rosolvod 
oxygon and metal. . ^ 

Carbon bisulphide is resolved, b^ the heat of an electro-ignited platinum-spiral into 
sulphur and carbon, the decomposition being, however, attended, not with , absorption 
but with emission of heat. This appnront anomaly is explained by the fact that th ’ 
carbon and sulphur, in combining together at a wliito heat, pass from the solid to the 
gaseous state, and absorb heat A gram of carbon bisulphide in burning in oxyiren 
dovolops222 units of heat more than its elements in the free state : it must therefore 
in the Jict of combination have taken up molecular movement ; and it is in consequence 
of this that the compound is much more volatile than either of its constituents. 

Many salts, such as the carbonates, containing vohitile acids, arc directly resolved 
by heat iiit« sicid and biise, and tho facility with which they are so resolved is greater 
as tho hciiit evolved in their formation is less. 

The formation of hariiim carlionatc is atteiuliHl with n greater evolution of heat than 
that of calcium carbonate, and that of calcium Ciirljonato with a greater evolution of 
heat than that of magnesium carbonate : on the other hand, magnesium carbonate 
gives oft’ its carbonic anhydride at a low red heat, calcium carbonate at a clierry-red 
heat, aiul barium carbonalo only at very high temperatures, so that, indeefl, it washing 
regarded as undecomposible by licat. This example sliows clearly that the quantity 
of heat required for tho decomposition of a compound is iutimatoly related to tiiat 
which has been evolved in it s formation. 

The same relation is soon in tho formation and decomposition of hydrates. Anhy- 
drous potassium oxide, in uniting with ^vater, evolves a very large quantity of heat, 
tho oxide formed when a globule of potassium burns on the surface of water, sinking 
into the water with explosion; on tlic other hand, the water in the hydrate is absolutely 
fixed, and cannot bo expelled by any degree of heat, the hydrate volatilising undecom- 
posed at a cherry-red heat. Anhydrous baryta becomes rod-hot in combining with 
water, and the water cannot bo expelled from the hydrate by heat. Lime, in com- 
bining with water, also evolves a considcrablo quantity of heat, though less thnn 
baryta, and tho hydrate gives up its water at a strong red boat. 
sulphate omits great heat in uniting with 1 lipl. of water, loss in 
otlier molecules ; and accordingly these four ai^givon off belowAj^iling point of 
, water, the fifth only at a red heat. 

Sulphuric anhydride unites with 1 mol. of water u'lOii 'irijKsrag and explosion, and 
tho hydrate SO’.IPO cannot be decomposed by heat, but distils as a whole. Tho boil* 
iug point of tho water has risen by tho combination from 100® to 328°, tliat of tlm 
sulphuric anhydride from 52° to 328°. Now when a body becoines less volotilu it 
must have lost molecular motion. Consequently, rise of boiling point and erai^ion of 
heat are intimately connected, although in the case just cited a solid body (S0*)liaa 
passed into the liquid slate. 

The main points in the theory of Thermolysis may be summarised as follows 

1. Thermolysis or Di.ssociutioii is the process opposite to chemical combination: tlio 
gaseous constituent of tho compound resuming its molecular movement in the form o 
heat, and triinsforming it into a now form of movement which it had lost in the ac o 

combination. ..if fimt 

2. The quantity of hesit bikon up by tho separated constituents is equal W 

which they had lost in combining, ' .. . 1 , 0 ,.^# 

3. Compounds not containing any volatile constituent cannot bo decomposed l>y 

RadiantReat. Diat1terinoncy.-^n\y a few substances are jenown which, 
ns well as in thin layers, transmit more than half of the heat emitted 
at 100°. Those substances are partly elements, viz., iodine in solution, broin 
sulphur ; partly chlorides, fluorides, and sulphides, viz. roi^^salt, ^2S***iB.Se.lliick 
sulphide, and sylviii. It appears, how’ever, from the experiments of lKnu_ ^ 
(Aw. Am. exxxix. 182) that not only all chlorides, but likowiso 
iodides, and fluorides of the elemontary bodies, besides a number orsuIp“V 
init a considerable proportion of the heat emitted by lamp-black. The fjjg 

the total quantity of heat transmitted by the several substances is sn<OT ^ 
following table 

* Views siniilor to tho above have been developed by Odllng in a 

Action delivered before the British AHsoclation at Norwich in 1863,. flee* 

by A. Worts, translated by H. Watts,* note A, p. 218. 
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' Diiithermanous BUb^itAiicfl 

j 

Thickness 

Quantity of heat tnuismitted 

Lamp- black 
at 100®' 

Coal-gas 

flnmu 

1 Silver chloride 

! Silver bromide ..... 

‘ Potassium bromide . • . 

Potassium iodide ■ . ■ . . 

! Cryolite ...... 

. Zinc-blende . • . - 

! Arseiiious sulphide, As-S® . | 

* / 

Vitreous Selenium . . • 

3 mm. 

3 

3 

3 

10 

5 

0*8 

3 

0*4 

3 

46 p.c. 

45 

16 

n 

7 

29 

21 

8 

50 

16 

30 p.c. 

42 

13 

10 

23 

23 

26 

12 

36 

5 


3[o.st. of tho silbstiinctis cxaminod, however, wore not perfectly homogeneous, so that 
pirfc of tlio hi-!it must have been lost by diilhsioD and reflection. 

A number of liquid compounds and solutions of substances which could not bo ol> 
Irtitietl in tho solid form in a fit stnUi for experiment, were examined in a layer 8nim. 
tliiik in a glass vessel closed with itarallel plate.s of rock-salt 2muK thick. The follow- 
ing numbers show the quantities of licat transmitted through tho filled vessel in ]ior- 
oentages of tho quantity passing through tho empty vessel ; but like those in the 
pncidiug table, they do not exhibit the absolute values of the absorption : — 


Diatlicrmanoua Subfitanoe 


Transmitted llent 


' Lump* blue K nt 100^ ; Coal-gas flnnio 


.Slaniiie ehloVj? . . . i 

^Sulphur chloridiffj6cb.-, , rj ..: . . .: 

: Carbon blsulphi<le • ' . . , , j 

10 jwirts Vhosphorus in 1 part Carbouli 

bisulphide Jj 

I'o pjirt Stannic iodide, SnI*, in 1 partlj 
Carhftii bisulphide . , . i 

1 part Carbon trichloride, C*Cl*,in 4 KuirtH/! 
] Carbon bisulphide , . . > i 

! Chloroform i 

JJthylene chloride, 

Ethyl iodide. (r-'H*! 


44 p.c. 

41 

oO 

52 


5 

2 

0 

0 


80 p.c. 

95 

51 

57 

47 

88 

30 

12 

12 


Distrihution of Heat in the Solar Spectnan and in the Spcctnim of the Limedight . — 
from (xjxsriniGnts by S. Lamansky {BerL Acad, Ber, 1871» 632) it appears that tho 
strong heat observed in tho bright part of tho lime-light spectrum proceeds chiefly 
bout-rays which have boon bout from their course by diffuse reflection in the 
jock-salt prisms, as in turbid media. The law established by Melloni’s experiments 
oat. tho ultra-rod rays in passing through transparent IxKlies (as water, glass, mica, 
yuiiTtz, calc.spar) suifer a loss which is greater as their refrnngibility is less, is shown 
t? obsorvation.s, made at different hours of the forenoon, to apply also to 

w absorption of these rays by atmospheric air. 

of Heat. a. In Gases. — ^F. Narr (Poy^F. cxlii. 128) has made 
on heat-cbnductiou and the rate of cooling in hydrogen, nitrogen, air and 
w from which the following conclusions are. drawn ; — (1). The mathe- 

tkp given by Uulong a. Petit (v-. 53), does not express the true law of 
of cooling of a hoiitM body in a gas with tlio temperature, 
diiW f gives only the cooling effect of the gu. ^). The cooling effects of 

eflfept ^ differ very considerably, and gases must be ranged, with respect to this 
since h*'? -'iccording to their chemical but rather according to their jAysical character, 
and carbon dioxide—two gases differing very widely in speeifio gravity 

*hcrpn for beat-— lik^se exhibit the greatest difference of cooling power, 

® nitrogen and atmosphciric air, which are charactorisod by almost identical 
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physical couBtants, lifcowise exhibit almost equal rates of 
maiae to trace the depoiicleiicc of tho observed temperatures 

moans of the formula, log T, - % T * a^x + show^ 

ellicient has a very small value, which, with exception of the (1n(H of obsepvuti*^ 
relating to hytlrogen, was negative. Hence it npi^ars that, for most gases, the dovh" 
tions from Newton’s law of the proportionality of tho rate of cooling of ti^hocly to tl 
excess of its temixiraliiro above surrounding olgccts (v. 62) are inconstSiuble Hn? 
that hydrogen exliibits a deviation in the contrary sense. (4). Qilculations relutinff 
to cooling in a vacuum give also a very small value for the coefficient <r„, so that thu 
deviations of the rales of cooling calculated from tho formuhi v « wT from the latos 
actually observed, wero but slightly greater than those relating to cooling in hydinecr^ 
For tliese reasons Nan- rogartls it as highly probable that Newton’s lat? is the Sue 
expression for the cooling effect due to radiation alone. 

Stefan (Wien. An:^(ige, 1872, 42; Chem. Soc.J. [2], x. 177), from experiments with 
double-walled thermometers of brass or copper-plate, having the space between tho 
metallic envelopes tilled With tlic gas under examination, concludes that the condnetiun 
power of air is nearly 20,000 times less than that of cop])er, an«l 3,400 times less than 
that of iron, llis experiments coiitiriii the conclusion deduced from tho dynainiciil 
theory of gases, that the conducting power of any particular gas is indepondout of its 
density ; also tlio conclusion deduced by MaxAvell from tlio same theory, that the con- 
ducting power of hydrogen is seven times as grt-at as that of air. 

For F. Mohr’s theoretical view’s ou the Jieat-couducting power of gases, see Dent. 
Chem. Ges, Her. iv. 8a ; Ckcm, Soc. J. [2], ix. 298. 

ConduciMn qf Heat in Stratified. Liquids . — Experiments relating fo this matter hy 
Hospretz have been published, since his de.itli, by Saigey reml. Ixxii. 481; 

Pogg. Ann. clxii. 1626). A wooden cylindrical vessel 72 centimeters high and 40 cm. 
in diameter, was half filled with nitrobenzene of sp. gr. 120, and water wiis poured 
on tho top. Ten liorizontal thermometers scr\’ed fop the oKservation of the stationary 
temperatures, whilst a constant Rourco of heat acted on the surface of the water. In 
experiment 1, the bulbs of the tlicrmonietcrs w’cro placed in tho axis of tho c 3 'lindor; 
in experiment 2, they reached only to the middle of its semi -diameter. T hs 
table gives the distances of tho thermometers frow the surface of se parqM bn of tho two 
liquids, and the excesses of tho obson*cd tomporjJFr:'^‘''8 above t^rfBfperature of the 
surrounding atraosphero : — ‘ 




Thcniiomotora 

Experiment No. 1 

Experiment No. 2 

/'A 

B 

Water . . Jc 

D 

u 

rF 

(d 

Nitro-benzeno . li 

[I 

133'7 mm. 

101-8 

69-1 

41-5 

17-5 

17-5 

46-6 

75-7 

106-2 - 

138-6 

41-26® 

31-17 

23-62 

18-66 

16-68 

n-83 

7-09 

4-48' 

2-56 

1*50 

137-44 mm. 
110-34 

8026 

49-26 

15’90 

15-90 

4l'-00 

60-80 

101-40 

133-00 

41-15® 

32-01 

24-76 

19-16 

14-83 

10-68 

6-84 

4-36 

2*43 

1-11 


On tracing the curves corresponding with theso numbers, taking the dis- 
tances ns abscissm and tho excess of tomperaturo as ordinates, it is found that, wr 
equal distances, tho ordinates are nearly in geometric proportion. If the distances be 
taken at 17'6 mm., tho moan ratio of the successive ordinates is : 

Expcrlraoutl BxperimontS 

InWatep . . . . . 0-861 . 0*863 

In Nitro-hi^zono . . . 0’730 P'703 . . 

At the boundary of the two liquids, Despretz had uhfoptunatply.not ptnCQ^ *5^ 
mbmeters. ITero the two curves separate ; from the water to tho ' 

ducts on the averngo 3-7 times less easily, tho <»IcuUted l^peratUMlfiSOS ft^uVr 

niiXCni'* This body treated with phosphorus foi* 

converted into gluebso-phosphoricacM (P* ' ^ 




HELLEBORE— HELVIN. €41 

B8USBOU- The conatiinents of white hellebore-root have been examined by 
K. Weppen Pkarm. [3 J, ii. 101, 193), who has obtained from it a bitter siib- 

stinco called voratramarin, and an acid called jorvic acid. 

Veratramarin exists in aqueous extracts of the root after the separation of the 
alkaloids, inipjirting to them its bitter taste. To obUiin it, the sliced root was macer- 
ated with cold lime-water, the infusion was freed from lime by moans of carbonic acid, 
}ii:d the uttered liquid was mixed with excess of neutral lead acetate and again filtered. 
Tlio hitter-tasting liquid thus obtained, on standing for some days, deposited on the 
sides of the vessel a brown crystalline crust (see below). The liquid decanted from 
this deposit was precipitated with a slight excess of basic lead acetate ; the precipitate 
ruiit-iining the whole of tho bitter substance was decomposed, after thr>rough washing, 
by liydrogen sulphide ; and tho filtei^d liquid, after boilingto expel excess of tlio gas, and 
cooling, wfis mixed with solution of tannin. The precipitate thereby produced was 
washed, mixed with lead hydrate, ovapoRitcd to dryness over the wator-bnth, and then 
oxliaustod with 40 p.c. alcohol. The pale yollow-body left on distilling off tlio alcohol, 
j»rovo(l to bo too small in quantity to admit of full investigation. It appears to 
1 10 cxtroinoly unstiiblo and probably undergoes dccompositiou during preparation. It 
j'c<Jucc8 alkaline solutions of copper after boiling with acids but not before, and hence 
Hppojirs to ho a gliicoside. It is sr-lublo in water, but insoluble in ether, benzene, 
and chloroform, w'hich circiimstaiico makes it difficult to isolate. It is very hygroscopic, 
ili’liqiu'sciiig ill tho .air in a few minutes, and rapidly turning dark brown. 

Jervic acid, + 2H'''0. — The crystalline body above referred to, which 

was found to bo a lead-salt, was suspended in water and decomposed by hydrogen 
sulphide ; and tliQ .'icid liquid, filtered hot, was evaporated, leaving a mass of crystals 
which, a Her purification, formed .a whitts, light crystalline powder 'not obtain- 
alilo ill largo crystals. This body is jorvic acid. It is soluble in 10 parts of hot 
and 100 pe.rts of cold water, sparingly soluble in alcohol and ether, insoluble in ben- 
iaaici, furbon sulphide, chloroform, amyl alcliohol, and dilute acids. It gives w'ilh 
iu?utral and h.isic lead acetates, precipitates insoiuhlc in acetic but soluble in nitric 
and hydrochloric acids ; witli silver nitrate a wdiito precipitate, soluble in ammonia 
and unalU'red by exposure to light; with mercurous nitrate a brilliant w’hito crystal- 
lino precipitate, insoluble in watesr but soluble in nit<rie acid. Witli baryta- and lime- 
vjiUr it gives to prccijpitates w!i!ich turn yellow after some time. 

.lorvic neid is qp^jiT .••basic. .. potassium and sodium salts are obtained by nculral- 

>ari aqueous sojutid/r di;* the acid with tho pure carbonates and evaporating over 
sulphuric acid. Q'hoy are both very soluble in water, and have an alkaline reaction. 

'Iho hjirium sjilt is a heavy, glittering crystiilliiio powder, consisting of six-sided 
tihlcii. Tho strontium salt is a crystalline powdc.r, rather more soluble tlian tlio 
uJinuin salt. 

Ciilcium jorvato crystallises moro distinctly in four- or six-sided rhombic prisms. 
JJiero are two silver salts, botli obtained by precipitation; also a mercurous suit in tho 
I'jria of a crystalline powder. 

Jho conipositiou of these salts is represented by tho following formnlai: — 


Totassiiim jervato 
Sodium „ 

Barium ,, 

•Strontium „ 

Calcium „ 

Acid silver „ 

Neutral silver ,, 
Mercurous ,, 


K^C»WO'* + 211=0 
Na‘C»H»0'= + 311=0 
Ba*C**H*0'= 

+ 11=0 

Ca=C“H-0»= + 6JPO 
Ag=C**H»Oi= + 211=0 
Ag«C'*H»0’= 
Hg^C»H«0*= + 4H=0, 


a yellow by alkalis. When boilod with baryta- water, it yields 

}stallisablo acid, the examination of which is not yet completed. 

1 Kokschnrow (jahresb. /. Chem. 1860, 1228) describes lielvin : 

'■oni jiliask in tlio Ilmen Mountains, in spherical masses, some as big as a man’s 

8p. gr. 3 - 333 . 2. From Lapiko in Finland, in crystals^-???. , some moro tlian 


’ ®P- 3*23 to 3:37. Analyses of tw'o spadmens from each locality 

'’■'"^Wninadcby N. Teich: . ^ 


1. 

SI0» 

Al-O* 

GO 

VeO 

MtiO 

CsO 

llgO 

S 



J 32-57 

0-76 

i8*fir 

16*03 

86*51 





«r 0713. 


< •’1 2-42 

0-78 

13*46 

16'21 

35*31 





5-77 

— 

B 102 05. 

2 

/30-31 

— 

10-61 

10*37 

37-87 

4-03 

0-60 

6-96 

0-22 

« 09-25. 

2nd 

(•13*88 

Sup. 


10*40 

10*37 

3700 

T' 

4-10 

r 

0-06 

— 

0-22 

01-03. 
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HEPTANES. 


. COMCPOVJTDS. See CUROICZUU (p. 336). 

B, a. Normal Heptane or Hexyl-methane^ 

cii»— cip— CH-— CH-— cn*— CH=*— cn*. 


occurs. togotboT 'with otlier pamfiins, in Pennsylvanian petroleum and in the light 
oils obtained from cannel- and Boglicad-tar. When separated as completely as pofsi. 
bio by fractional distillation, it boils at 97*3®-98®, not at 92°-94® as stated by Polouzo 
a. Ciihours. Wlieii chlorine is pnsse<l into its vapour at the boiling heat, two isomeric 
licptyl chlorides aro obtained, which boil at 145®-! 60®, and are converted, by heating 
to 200° with potassium acetate and glacial acetic acid, into the corresponding hcpU-l 
acetates boiling at 175°-185°. Neither the chlorides nor the acetates can be scpirated 
by fractional distillation, but by licating the mixed acebitrs with potash they are con- 
verted into hoptyl alcohols, the mixture of which can bo separated by fractional dis- 
tillation into ii primary and a secondary hrptyl alcohol, each having a nearly constant 
boiling point, though still not quite jaire. Tlic primary hoptyl alcohol thus obtained boils 
lit 170°-17o°i and is converted by oxidation into oDiiantlij-lic acid, boiling at 

219®-222°, and identical with that which is prepared from castor-oil. The secondary 
licptyl alcohol boils at 160°-162°, and is converted by oxidation into methvl- 

pentyl ketone, CO |Qij|iii boiling at 150®-la2®. The secondary alcohol is thero- 

CTT*) 

fore methyl-pentyl carbinol, CH.OH. The ketone is converted by 

further oxidation into acetic a'nd normal valeric acid, CII* — (OH-)® — COOH, showing 
that the heptane from Avhich these derivatives have been obtained is the normal com- 
pound CiP— (Cir^)»— CH». 

iS. Ethyl-amyl or Dime thyl -hut ylmcthane, CH or CH®— CII®— 

^CIP 

CIP — CIP — . — This modidcation of the hydrocarbon is produced 

by the action of sodium on a mixture of the bromides or iodides of ethyl and qjpyl 
{Ist Supyl. 696). Orimsliaw (Chem, Soc. J. [21, xi. 309) prepares it bygradiinlly 
adding sodium to a mixture of the bromides conJ-Miod in a 6nskjpilh reversed con- 
denser, in such proportion as te keep the liquid 2o°^ ^HSrheating it to 100° 

for some hours, and iiftorwar<ls distilling off. The mixtiiro'oi' hydrocarbons thus ob- 
tained is loft standing for some w’ooks over sodium, then repeatedly rectified orcr 
sodium and fractionally distilled, and finally purified by treatment with strong nitric 
and sulphuric aci<l, washing with water, leaving it in conbict for 48 hours with sticks 
of potash, again distilling it with sodium, and then leaving it in contact for a week or 
two with sticks of potash. 

The etliyl-amyl thus prepared boiled constantly at do° and had a specific gravity of 
0*6833 at 18*4®. By the action of chlorine on its vapour at the boiling heat, a mixtim 
of chlorides was obtained which did not give any constant boiling point, but yet dis- 
tilled almost entirely within about 10°. i'liis mixture yielded, by tho action (a potas- 
sium acetate and acetic acid, a liquid which also could not be obtained of constant 
boiling point, but distilled within about 15°. Trom this, how'over, a mixture of 
alcohols was obtained, of which a more or less complcto separation could bo eflfecteu 
into a primary alcohol boiling at 165°, and a secondary alconol boiling at about 147 . 

The primary alcohol thus obtained is au iso-lioptyl alcohol, as shown by its boiling 
point, which is about 10° lower than that of normal hcptyl alcohol, and by the fiwt 
that it is converted by oxidcation into an iso-oonanthylic acid, boiling at 210 - 

213°, that is to say, 8° or 10° lower than normal csnanthylic acid. . 

Now, as ethyl-amyl contains three methyl-groups, two isomeric primary alcohols 
may be derived from it, namely ; 

H»C\ 

(1). >CH-.C11®— CIP-CH*— CH®. 

HO.H=G^ 


( 2 ). 


IPC ' 


^ CH— CH»- CH*— GH®— CH*.OH, 


It 18 for the |)i*ese&t impossible to decide which of these two formulsB 
true constitution, but the second formula is perhaps the morC'.pivl^^la. 

The secondary alcohol is methyl-isoamyl-carbinolj 


tCH«— 

ita is proved by tho fact of its yielding by osidntioo inet^Hs*^i!SPf.'T?^ ' 


mil 

ICH'—C 
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CH*- boiling afc 143^-1 4fi®, and identical witli that which Popoff ob- 

tiinod {Zcttschr.f. Chem. 186d» 677) by the action of zinc-umyl (from ordinary amyl 
alcohol) on acetyl chloride. 

•y. BiTiictkyl-diethylmethanef c| • — This modification is contained, 

together with normal heptane and other hydrocarbons, in Pennsylvanian potrolcuni. 
After separation by fractional distillation, it boils at 89‘6° to 90®, Like normal heptane 
iiiid cthyl-anjyl, it yields by chlorination, &c., two series of derivatives, the boiling 
points of which differ in some cases from those obtained from othyl-amyl : — 


Paraffin, C'H’® , 

Olefine, C’lP * 
Chloride, Cai*sCl 


. , . fC'H» ^ .. 
Acetate, |(j » 2 pQ j' 


Alcoliol; 






Ketone, C’lP'O . 
Arid, . 


Derivatives of tho 
liydrocarlM>ti from 
petroleum 
89 '5®- 90® 
90°- 92° 
144°-158® 


Deri Vftti VOS of 
cthyl-aiiijl 


90® 

91® 

140®-1 jO® 


160®-186° 160°-l75O 


iPrimary 165®-170® 163°-lGr)° 

tSocondary 148°-150° 146°-148° 

. 142®-146° H3°-145® 

. 209®-213® 210®-213® 


The hci)tano, was obUiined in both macs as a secondary product in the i)ro- 

paration of iho occtJito from the chloride. 

The !ick 1 derived from tho y hcptiuic, boils at tho same temperature as iso- 

(pnaiitliylic acid, and has a very similar smell j its salts also resemble the eorrespoiid- 
iso-reuauthylatf's. Tho sUver salt, C^H*»AgO-*, is a floccident crystalliiio pnscipi- 
tate. Iho barium s^t does not crystallise, but forms an amorphous mass, like barium 
iso'Gcnantliylato. 'Iho calcium salt separated, on evaporating its solution by heat, as 
an ninorphous pollicle, but by spontaueons evaporation it was obtained in long, trans- 
parent needles or prisms. 

The ketoM, C^H"0, boils at the same tempci'ature as methyl-isoamyl ketone, and 
smolla very liko\,hrj latter compoy ‘W ; but on oxidising it, a marked difference botwooii 
Die two coiiipoundj^ w* Mothyl-isoamyl ketone yields, by oxidation, acetic 

■ici 1 acids, whereas tho ketone derived from y heptane yields nothing but acetic 

Xow Popoff has shown that when a kotono is oxidised, the lower, or more stable, 
0 tiio alcohol -radicles always remains attached to the carbonyl, while tho other 
raUidois oxidised just as its alcohol would bo SuppL 766). According to this 
A\r here may exist two ketones, C’^II^O, yielding by oxidation only acetic acid, viz : 


H»C-. 

n>c- 


CH» 

CH— Lh -CO— CH», and 


Cil» 

CH>—CU=—C— co- 
in. 


-CH’, 


an 1 ^i****! two ketones will in tho first instance bo resolved into acetic acid 

mill 'y^’\®*‘'pJ’opyl ketone, and tho lattor will yield by further oxidation acetic acid 
I imiitliyl ketone, which w'ill finally bo also oxidised to acetic acid, 
tiiin-.? kotono must, according to PopoflTs law, yield acetic acid and tlio nxidn- 

Butl tertiary amyl. Hut tho lattor also c-onsist only of acetic acid : for 

shown that, on oxidising a tertiary alcohol, tho most simple radicle 
toffoth** POJnbincd with tlie carbon-atom by wliicli the whole group is kept 

other radicles aro oxidised separately ; and experiment has 
to acetic alcohol, or dimethyl-othyl carbinol, is oxidised completely 

the ketones is a derivative of methyl ■ ethyl -Utyprojiylmcihanc^ 

iPH(CH*)*’ which Is not yet known; whilst tlie second ketone is 

C which com- 

Ladenburg prepared by tho action of zinc-othyl on dimethyl-, 
<^hlorometlia„e CCP(CH»)* (lst%ipL 826). 

7 heDtun***^^ \™possiblo to decide witli certainty with which of those two paraffins 
of tV**- I quantity of tho ketono obtained having been too small to 

DO isolation of tho intt rmcdiiito products of oxidation, whicih would clucidatjo 
T T 2 
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its constitution, and thoi’cfoi’o ilsat of the paraffin. Tiio propertie-s of 7 lieptano iiirtee. 
however, with those of dimcth^l-iliethylniothaiio Riifficiuritly to render thoir identity 
not improbable. The lattor paraffin boils at 8G°-87°, and has at 20’r)® the spochlc 
firavity 0'6968, whilst the hydnjcarbon from petroleum boils at 89'6°-00°, and lias nt 
16° the specifip gravity 0‘70y. The higher boiling point of the latter is caused, piirtlv 
at least, by an admixture of nornml boptane boiling at 98° (*Schorlemin0r * CVjwf 
[2], xi. 319). 


KBPTSSrS-CBXiORBmmr, cai‘ *(011)01, is foi-med, together with oUicr 
pixiducts, by treating octeno with a 2 to 3 p.c. solution of liypochlorous acid, which, in 
a solution of this strength, exerts an oxidising as well as a reducing action. By 
fractional distillation the heptenc-compound may be separated, boiling at 2()C°-208’( 
A weaker solution of hypoehlorous acid (J p.c.) forms chiefly octcne-chlorhydriii 
(P. de Clermont, iJitlL Soc. Chi/ti. [2J, xiii. 404). 


BSPTYXi ilACOBOZi, C'H'^O. yonuaf Ucptyl alcohol, CII='--CII-~CiI‘» -ClI- 
— CIT- — CH‘ — CH*()H, may lie advantageously prep-ared from ocnantliol, C'11**0, by 
the action of Kodium-anialg;Lin. O^lnautliol is shaken with fifty times its weight of 
wator, and a little more than the recpiirctl quantity of an amalgam containing 1 pep 
cent, of B(xliuni is added, together witli an equivalent quantity of dilute sulphuric acid, 
care being taken to keep the liquid always slightly sicid. As soon as the action is 
over, the liquid is distilled, and tlie distillate ag.ain treated in the samo way with tho 
anialgatn. Tho alcoliol floating on tho top is tlu.*n removod, and the portion remainin.'; 
in the aqueous solution is isolated liy repeated distillation, tho alcohol always coming 
over with tho first portion, from which it may be finally separated by adding ixitassiuin 
carbonate. The product is dried over ignited potassium carbonate, and the alcohol 
Bcpiiratod from another vtTy higli-boiling liquid by fractional distillation. To get rid 
of some oenantliol and water still present, tho liquid is sever.il times distilled over 
small pieces of sodium, and then left for sovoral weeks in contact with anhydrous 
baryta. 

Normal hcptyl nlcohol thus prepared is a limpid oily liquid, having an aromatic 
odour, and boiling under a prcB.surc of 766 mm. at 17o'o°-177‘o°. tlio whole colupin 
of mercury being surrounded by tlio vapour (Grimshnw a. Schorlemmer, Cfoz. Soc. J, 
[2], xi. 1081). ^ 

BBFTTUO AOXB and ABXIXIBnE. See ttt ^WJ g Y Ltc Acid and Alde* 

IIYDK. 


BBBACBBVM. Tlio volntilo oil of Heracleum gigantmm is n mixture of octyl 
acetate and tho hcxylic ether of normal butyric acid. By saponifying tho greater 
portion of tho oil which passes over between 200° and 206° with caustic potash, and 
fractional distillation, tho two alcohols may be obtained in the pure state. The octyl 
alcohol is identical wdlli that which is prcp:irod from the oil of Uenioleum 9pho^yli«»^ 
(1«^ StippL 697). The hexyl alcohol will bo described further on (I)ranchimont ». 
Zinckc, BeuL CImn, Ges, Her, iv. 822).. 

BB8PXSBXDBBB. The terpene of essential oil of orange-peol. (See TxaPKinEs). 

BBTBBOOEBZTBa A hydrated cobaltoso-cobaltic oxide occurring, together with 
calcspar and pliarmacolito, in tho nickel and cobalt veins of the Wwfgang Mooseu 
mine at Schneeberg in Saxony. It is amorphous, and occurs in botryoi^l and kidney- 
shaped masses, liaving a dense fracture. Jjustro faint. Colour blackish to rwaisu- 
brown : tho ignited powder is coal-black. Streak dark-brown, with a fatty lustre. 
Hardness equal to tliat of calcspar. Sp. gr. 3*44. . - . 

Its blowpipe reactions arc as follows:— It gives off water when heated m a tune , 
heated in tho forceps it melts with difficulty on tho edges, and colours the flame riigWiy 
green ; appears slightly magnetic after ignition ; exhibits cobalt reaction with g 
fluxes. It dissolves easily in hydrochloric, .acid, giving off chlorine and loaviufi^ 
insoluble residue ; tho groon solution turns rod when heated, and gfivea with wnm 
u small precipitate of ferric oxide. 

The quantitative analysis of two f!i>ccimoiiR gave : ' 


CJoO O CiiO Co“0' Fe’O* Al-’O’ CaO JTstO 

a 69*03 603 OCO 0-35 1*20 1*30 1 60 0 45 

b 30*94 281 0*56 0*32 080 — 3'60 202 


H»0 Beslduc 

14*56 16*00 » lOO ja 
12*25 32*20 ^ 108*00 


Most of these constituents are forcigpu to tho mineral, and on deducting 
the insoluble residue, consisting m.ainly of silica, which 
mineral in acids, as a skeleton made up of largo flocks — also the 5 

bismuth, calcium, and magnesium— there remains for the composition of 
genito — 
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67 -20 
68' 13 
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CsO 
70' 1 7 
GS'So 


H’O or CoO 

lS-o4 14-32 

24'13 iC-24 


ir-o 

isrji 

21-13 


.|ng no.'irly with th» fonuiila, Ca0.2Co’0* + 611=0, which roquiros 14-61 p.c. 
C\^0, 61 61 C'o'0“, and 20-78 water. 

Ilotcrogoiiito was originally mistaken for asholan or earthy cohalt — a manganese 
ore- and, in fact, it exhibits a distinct trac-o of manganese when fused with sodium car- 
bijjinte H*nd nitre. One specimen was found to contain nickel in tlic proportion of 
1 part niefad to 20 parts cobalt. 

Ifctorogcnito is a product of the decomposition of Knjaltine oi* tin- white cohalt 
(tinciss-kobiilt); it is intorostirig as the first mineral in winch the amount of cobalt oxist- 
ilirt- as sesquioxide has been actually determined (A. hVonzel, J.p\ Chem* [2], v. 404). 

BSXAMZSO- and BEXlffZTllO-A&BUMXSr-SU&PBOirZC ACIDS. 

^Vln n ilried albiiiiiiii is treated with a mixture of concentrated nitric and Bulphuric 
iititls ill the cold, and the mixture, allt-er standing for several hours, is thrown into colil 
a pre-cipituto is thrown down, which, wlion di-icd, forms three -fourths of the 
.ill.’.nnis originally f jikeii. It is a hitter, yolloAv xiowder, insoluble in water, alcohol, 
:iiul dilate .acids ; soluble in dilute alkalis, forming a red solution, from which it may 
In- reiavcini tail'd unehangiid. Assuming the fornnila of nlbtimin to he 
t!ii>n(!\vsiil)st.nK‘(; is hexiiUro-aUmminsitlj^thonic ttdd^ C’-1I‘*‘(NO-)®(SO‘'OH)N'®SO'-*. On 
tiv.iting this body with aininoniiim sulpliido, hexamido-olbtminsutplwnic acid^ 
^NII')\■S0-0ll)^’*^^0■-■- i.s Ihrined, as a brownish-yellow powder, having a faint t-iste, 
srtliiljle ill dilute alkalis, docomposed hy strong alkalis, especially on warming, w'iUi 
rvelutirin of ammonia. Nitric acid dissolves it, with evolution of red fumes. It is 
iiisnlublo in dilute acids, Init wluin freshly precipitated, dissolves readily in concen- 
irati'd acids (0. Loew, ./. pr. Chcui. [2], iii. 180). 


BEZiUaZBS-(orTBZAKnrS-) CBROMZUXB-COXaPOUNDS. (Seep. 336.) 


HEXABES, CTI’*. (Scliorlcmmor, Phil. Trans. 1872, 111). Normal hexane^ 
('ll* Cir-— Oil* — Oil- — 011=* — CH*, occurs, together with other paraffins, in Pen nsyl- 
viiniiui petroleum and in the light oils from Iloglieod and cannul coal. It boils at 
'Wlicn.chlorino is piissadjnto its vapour at the boiling heat, a mixture of 
liixyl cliloridcs is produced, th^ gi'cator part of which distils constantly at 125‘^-126®. 
Tj’.:;itud wiih potassium a.:\:Uito they yield hexene, C®!!*'*, boiling at 69®“70®, and 
lu’xyl licctiites distilling hctwoeii 168''' aiul 160'' (not at 146'^, ns stated by Polouzo a. 
I'lilioiii's). The secondary alcohol obtained from these mixed acetates is m ethyl - 

lu'dyl carbiiiol ^JjBjcH.Oir, yielding by oxidation inethyl-hiityl ketone, boiling 

iit l'j0'’-128°, and then acetic and normal butyric acid. The primary hexyl alcoliol 
oljfiiinod from the sanm mixture of acetates boils at 160®-! 56°, and is converted by 
('XKljiiiou into caproic acid, which boils at •200°~206®, and yields a silver salt crystal- 
biding ill needles, and a calcium salt in shining scales or ramified needles ; its barium 
mU t'orm.s an amorphous ina8.s. 

Norrmil lioxiiiic is also produced hy the action of zinc and dilute hydrochloric acid 
f'u swontlary hexyl iodide (methyl-butyl iodide) obbiincd from manuito. The product 
contiiins, besides hexane, small quantities of hexono and dihoxyl or dodocane 
ilio latter, which boils at 202®, may bo removed by distilhition, and the hexono by 
jin'aiis of bromine. The purer liexano thus prepared boils constantly at 171 •5°, and 
li-iN a specific gi-nvity of 0-6630 at 17®. The chlorides obtained from it boil at 126®- 
f o’ a mixture of two hexyl alcohols, viz., methyl-butyl cnrbinol, boiling at 

and yielding by oxidation normal butyric acid, and a primary alcohol 
ftt 150®-163® and is converted by oxidation into a.caproic acid boiling at 
j- 1 -2040 and exhibiting properties similar to the caproic ncid ilorived from pcLi-o- 
^•iini excepting that the acid from mannito gives a well-crystallised barium salt. 
U‘. liGxauo from mannite and some of its derivatives also boil at a few degrees higher 
an tlio corresponding petroleum derivatives. These differences are probably duo to 
presence of small quantities of other paraffins in the hexane from petroleum. 

of ncctic and of noraial butyric acid from the hexanes from petroleum 
" “ b*oni mannite show indeed that both have the constitution of a normal paraffin. 

prepared tom normal propyl iodide, CH'-OT-CIPJ, 
soil' 102®-103®) by heating a mixture of this iodide and anhydrous other with 
is likewise identicjil in physical pi-opertios with the hoxnno 
'Uioi above meutioneil. llie identity is further shown by its mode of 

i H*— ClI- PTT^T > 
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1TC(CH=‘)® 

TetramethyUctJianet I . — This modi fii-at ion of hexane is dcrired 

IIC(C11»)= 

pinacone, C®H'^0*, which ia formcnl by the action of sodium-amalgam on nqiioous 
acetone, and has tl:© constitution of tctraniothylated ethono glycol (iv. G47 ; 1st Suoj)! 
946). Pinacono boiled wiUi iodine and phosphorus in presence of water, or heatedin 
sealed tubes with hydriodic acid, yields a mixture of pinacolin, C“H'®0 (unh>‘drido ot 
pinacone), an iodide, C“ll"l (b. p. 142®-146°), which constitutes throe-foiirtlis of tliH 
crude product, and small quantities of more condensed derivatives of acetone. Tlie 
iodide, heated with hytlriodic acid, gives, besides a little inflammable gas and 

Bcvoral liquid hydrocarbons boiling at about 130°, a liquid hexane boiling at 590 
identical with the^ bo-cu11mI hydride of dipropylono which Bei-thelot obtained by treating 
diallyl with hydriodic acid (Bouchardat, Compt, rand, Ixxiv. 800). 

BBXnnRO-ZSOXnBWBf See Xylknu. 

BBBBTBBOPBTBAUO AC». See Phtitalic Acid. 

BBZSTBT&«llZ8ZliZCZO BTB8B. See Silicic Ktiieus. 

BBBOXBTBn-SZPBOBPBOP3bil.TZBOV8 CBXiOBZBB. See Platinum- 
Compounds. 

BBBoznzPBznnrB, is proiluccd, together with methyl chloride, ly 

heating hydrococrulignono with hy’drochloric acid in sealed tubes (p. 377). 

BBBOZTABTSBA^VZBOBB, or TBTBA-OXTAlTTBBABZqvZN- 
OBXf C**IPO**- This, according to Jaife {Deut. Chem, Gca. Bar, 1870, 694), is the 
constitution of rufigallic acid (Isit Suppl. 090), ina.sinuch as that acid when distilled 
with zinc-dust yields anthracene. The formation of ruflgallie acid by heating gallic 
acid with sulphuric acid will accordingly be represented by tho equation 2C^1“0* = 
21PO + C‘*11"0". 


BSXYXi AXiCOBOmI Tlie essential oil of Heraohitm fji(jan1ctm yields Ly 
fractional distillation a liquid distilling between 201” and 206”, wliich is a mixture of 
hexyl butyrate and primary octyl acetate. 

The hexyl alcohol thus obtained is a colourless oily liquid with a strong aromatic 
odour. Its sp. gr. at 23” = 0*819, and cot^octec^ boiling point lofi'O®, The corre- 
sponding liexyl iodide^ is a colourless liquid faint odour; sp. gr. at 

17*0® « 1*4116 ; boiling point 179*5®. 

The acetate, is a colourless, oily liquid, having at 17*5 the Fp.gr. 

0*889, and boiling at 168*7°. The caproatc, is an oily, almost scent- 

less liquid. Sp. gr. at 17*6” = 0*865; boiling point 245*6”. 

On oxidation, this alcohol yields caproie acid, which boils at 204*6”-205°, and lins, 
therefore, tho sumo boiling point as Lieben's normal caproie acid. As this hexyl 
alcohol boils at a higher temperature than all oilier primary hexyl alcohols so far 
studied, and as the difference between its boiling point and that of normal amyl alcohol 
is 19”, it is most probably normal hexyl alcohol: CII* — CH*~CH“ — CH* — OH*— 
CJl-OH (Franchiihont a. Zincko, D&at, Chern, Gas. Her, iv. 822). 

Tho cyanide prepared from this alcohol in tho usual way yields, by distillation witii 
caustic potash, a hoptylic or cenarithylic acidwhicli boils at 223-224” under a prossure 
of 762*7 mm., has a sp. gr. of 0*9912 at 24®, and solidifies completely in a mixture ot 
ice and salt, but liquefies entirely again at 8°. It is, in all probability, normal asnnn- 
thylic acid (Hranchimont, ibid, y. 786). See (Enantuylic Acid. 

Tho hexyl-compounds derived from mannito and from dulcito have been 
by O. liccht (Ann, Ch. Pharm, clxv. 140), who finds them to bo identical both in tneir 
physical and in thoir cliomical properties. The alcohols from the two sources, wJien 
oxidised by chromic acid, both yield acetic and normal butyric' acid: they have, tliero- 

PTT* ) 

fore, the constitution of methyl-butyl caibinol 1 CH.OII. 

BZBZBGUBa Tho Hibiscus esculenius, called in Egypt Bammgk^ 
ns a garden vegetable, the unripe green fruits being cooked like French 
fruit dried at 100” contains 2 to 2*4 p.c, nitrogen. Like those of other 
plants, it is rich in pectin, starch, and mucilage. The ash contains aronaan 
potash, soda, magnesia, phosphoric acid, sulphuric acid, and chlorine. The np^ 
contain 2*4 to 2*6 p.c. nitrogen. The ash of the seed is constituted as folioiF# '*^ 


K*0 Na* 0 CaO 
38-84 4*58 7-81 


MffO Fe*0" P"0* BO* 81(F Cl aaiOA 

12 02 0*80 24*69 0*56 0*75 1*64 8*25 • 


(O, Popp, Arch, Pharm, [2]. cxlv, 140). 


HIPPURIC ACID-HOPS. 


647 


gipyintic ACm. Experiments on tlio influence of various kinds of fo(Mcr on 
the secretion of hippuric acid in the urine of herbivora have been made by Hofmeistcr 
(landw. Versuchs-Stationen, xiv. 458). 

' Sheep fed on clovor-huy secreted us an average 5‘3 grams only of hippuric acid in 
21 hours, but when fed on meadow-hay they secreted an almost constant quantity of 
31) grams. The addition of benzoic acid to tho clovor-huy gave rise to an increase in 
hippuric acid of rather more than the calculated w'cight, showing that clover does not 
ill itself provent tho formation. Tho distilLato and watery extract obtained on distilling 
iiipadow-liMy with water, dried' and given to sheep, produced no increaso in hippuric 
iici.l, lilt the dried residue caused its secretion in almost the same proportion as tho 
original liay. 

Meadow -hay was then exhausted con-sccutively with water, alcohol, and 3 p.c. soda- 
ley. The alcoholic extract produced a slight increaso in hippuric acid ; the watery 
iiml alkiiline extracts and tho residue had no appreciable effect. The non-formation of 
hippuric acid from this residue is in opposition to tho observations of Meissner, who. 
from experiments on rabbits, arrived at the conclusion that the formation of tliis acid 
Mas duo to tho digestion of .some substance contained in the crude fibre, probably tlio 
I'liticulur Tnombraiie. That Uic nitrogenous constituents of the food do not wholly 
n'giilate the secretion of tho acid is proved by tlie facts that the addition of rape-cake 
10 tJu! food has no action on its quantity, but only increases the urea, and that a mucli 
timfillfr (juantity is formed by feeding with clover than with graminaceous plants. 

Neitlier do tlio ayjmatic substances of tlie food seem to liavo much influence : for the 
alcoholic extract of meadow-hay, containing tho greater part of the aromatic bodies, 
producoil liut a small quantity of hippuric acid, and Henneberg and Stohman found ns 
much in the urine of oxen fed on oat-straw as in that of oxen eating meadow-hay. 

}ly gradually increasing tho quantity of oat-straw given in combination with clovcr- 
lijiy. tlio hippuric acid secretion in the urino of sheep was gradually increased ; in a 
Rimiliir cxiierinumt w'itli barley -straw no such increase took place. 

Notwithstinding contradictory appearances, Hofnioister is of opinion that the secre- 
tion of hippuric acid is influenced by tho protein matters and tho fibre of tho food, 
(hough thu necessary conditions can be found only by a closer examination of theso 
substiinccs. 

]']. Wildt {Deni, Chnn, G(s. Bcr, vi. 1494), fed rabbits with pure grass, and found 
only a trifling production of liippuiic acid ; with clover rather more was formed ; with 
miiiidow grass containing a variety of herbage tho production was greatly increased ; 
wth Lvmtodon Tm^ixacum (one of tho meadow-plants) the yield was equally large, 
lie concludes tliat some ingredients of the meadow horlmgo oUier than grass or clover 
iiro tho cause of tho formation of hippuric acid. 

BZSZNGEUTSi A brown amorphous mineral from Lostwithiol in Cornwall 
has been provisionally described by Church {Chem, Soc. J. [2], viii. 3) as hisingerito. 
llardncHS — 2‘75. Sp.gr. =» r74. According to the mean of throe analyses, it consists 

52-94 lyO*, 36-14 SiO^ and 10-49 II'-'O ( = 99*57), together with 0-82 P-0* and traces 

magnesia. Tho formula of tho mineral is perhaps Fb*0®. 2SiO- + 2H-0, which 
rquiros 50-63 p.c. hVO*, 37*98 SiO* and 11-39 II-O, tho excess of ferric oxide in the 
analysis being probably duo to tho difficulty of separating tho mineral from tho 
hmutitic matrix in which it is imbedded. 

BJELMXTB. See Taktalates. 

BOMOLOOOUS BEEXBSa On the Boiling Points of Homologous Organic 
Compounds, see page 203. 

BOPEXTB. See Phospifates. 

_ Experiments have been made by A. Muntz {Conipt, rend, Ixxiv. 1044), 
^■ith tho object of ascertaining (1), tho nature and quantity of tno elements which are 
reniovod from the soil by a crop of hops ; (2), the proportion in which the various 
^ are assimilated by the hop-plant during tho different phases of its growth. 

^ho following analyses, in which special attention has been bestowed upon the 
'^^Piiration of the alkalis, were made with bop-plants gathered on September 17 from 
■I hop-garden at Woerth, at the base of the Liebfrauenberg in Elrass, 
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Materials removed from tits Soil hy a Crop of Hops. 



2,400 plants grown 
on 38 acres contain 

CsSlfl plants grown on 

1 hectare contain 

Water 

kilograms 

4-2S2-5G0 

kilograms 

11270-^70 

Carbon ..... 

997-224 

2624*361 

Hydrogen 

119-901 

315547 

Oxygon 

764*304 

2011-393 

Nitrogen 

! 34-633 

91-141 

Phosphoric acid .... 

j 8625 

22-699 

Alagncsia . . . ^ . 

' 9-254 

24-352 

Potash 

15-888 

41-812 

; ,Soda . . ... 

0173 

0-455 

; Mineral matter not detcrminerl 

50035 

133-278 

i 

j ! 

1 6283-200 

1 16535-308 


BOWBXiSnrXIBf and iLVOlTS. Soo Auuiti:, p. 117 . 


BO&TOBOKZTli. This immc is given by G. J. I>rush {Sill. Am. J, [2], xlriil. 
17), to a chrysolite containing iron, manganese and magnesium, occurring at Monroe, 
Oruiigo Couuty, Now York, imbedded in calespar, or in cavitiiis of the same, together 
■with magnetic iron ore. The mineral is yollo-w to dark yollowish-greon, and in the 
larger masses almost black. Tlie crystals appear black from a coating of another 
suKsbinco- Hardness — G-o. Sp.gr. t= 3‘91. Before the blowpipe it becomos black 
and magnetic, and gives with Ihixes the reactions of iron, manganese, and silica. 
Ilydrcjchloric acid decomposes it completely, with gelatinisation. The mass is always 
intimately mixed with magnetic iron ore, sometimes also with graphite. The foruor 
was removed by the magnet previous to analysis. Two analyses made by W. G. 
Mixter, gave : 

Loss hy 

SiO-* PcO MnO MgO CaO K“0 i/uStloc. 

33*52 44-28 4*72 IG 79 trace 0-30 • 0-26 99-87 


33-6G 41-46 3*98 IGoG traco 0-47 0-2G « 99‘30 


This composition shows that the mineral is n chrysolite, and the crystallographical 
and optical examination made by J. M. Blake lead to the same conclusion. Thea^los 
are very nearly those of chrysolite, and tlio occurring faces are oP, ootae , ooP2, Poo, 
too , !P2, P4, Tho crystals cleave parallel to the faces of a prism, also parallel to OF, 
and perhaps also parallel to ool’oc . 

BVMZC Jkcn. BmiKVS. W. Detmcr {Landw. Versticlia-SlatUmen, xiv. 
248) prepares humic acid by exhausting peat and various kinds of peaty soil with 
solution of x>otassium carbonate, precipitating the .solution -with hydroclxloric acul, ana 
subjecting tlio precipitate to a great number of purifying processes. The humic Mia 
■was finally precipitated from its solution in boiling water by tho addition of hyaro- 
chloric acid; it then contained only 0*179 p.c. of nitrogen. The nitrogen present in 
tho earlier stages of purification did not exist as ammonia. The purified huinic aw i 
dried at 120°, gave a mean pcrcontago of 69-75 C.. 4*61 II., agreeing with the form 
O*®H**0* ; tho composition of tho salts shows, however, that the' true formula i 

, .. 

Humic acid is amorphous. It begins to decompose at 1 When unaneOp 
dissolves in 8,333 parts of water at G°, and in 625 parts at 100° ; j, 

requires 13,784 parts of boiling water for solution. The presence of pJJ 

its solubility. It is more soluble in phosphoric acid than in other acids. ^ •***'^ublt> 

reddens litmus ; it expels carbonic acid from metallic carbonates, 
compounds, except -with the alkalis. Its solution in ammonia le/ives, when dn^ ^ ■ 
stance having the formula which is soluble j*' 2'? ^4 w 

Metallic salts form precipitates with ammonium humato. The tho 

calcium chloride hms the formula C«®H«Ca»(Nn^)’0« ; that by forriw;^lori^'}^ 

formula C“H“(Fe*)’‘(NH‘)*0’^" ; tho precipitate by silver nitrate is C® H Ag"v • 

these compound are amorphous. 

The acid prepared from brown peat (called ulmic acid 
composition ana properties with that obtained firom black 
humns*8abstanco,is diificult to obtain free from iindecompc.. — . -a 

And apocrenic adds appear to be products of the oxidation of humic acio. . 




peat, 

nand vaftStilblS UbW*.- 
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Tlio changes which poat undergoes during its fi)rmatlon .'a*o shown hy the fijllow- 
ip,T ;iii:ilyses of samples from the Nienwalder Moor. The samples were dried fit 
120 ^ 


Coiupo^ilion uf OrKr.nic Snb- 


Description of Peat 

1 1 

Asli i)er 1 
, i-rnt. 


fitiiiK 0 p'. r cent. 

N 

c 

1 i 

11 1 o 

- Brown pt?iit, Irom surfai'o 

Nearly black pent, at 7 feet . 

1 Black peat, at 14 feet .... 

2*719 

7*423 

9*164 

0 * 8 (> 

2*10 

4*05 

57 * 7 « 

62*02 

64*07 

I 6*43 I 36*02 j 

1 5*21 ! : jo *67 i 

' 5*01 j 26*87 j 


Tlio amount of humus in a soil is best asecrlainud by oxidation with potassium 
biflironiatc, find estimation of the carbonic acid oTolvcii. A moderate quantity of 
humus improves soil in many ways. 3?rom its dsirk colour hiiiiius is a good jib- 
f^orbent of heat; its specilic heat is much above that of soil; it is liygioscepie. 
jiuil greatly increases the wjiler-lioldiug i>owcr of sandy soils ; it Jias the ])Ower of 
.'ihsorbing ammonia; by its decomposition it is a source of carbonic acid; and the 
iiifi'lianical condition of most soils is improved by its proseiiL-o. When, howovoi’, 
humus is x>roseiit in cxceesivo quantity, it acts injuriously, by deoxidising ferric salts, 
ii:i(l in ether ways. 

Humic acid is a strictly colloid body, and cannot, tlicrclore, directly servo for the 
noiirishinoiit of plants. This result is confirmed by oxperinieiits with the spoil's of 
ail alga, Kwjkna viridiSt which show that neither humic acid nor neutral amnionium 
hiunateis absorbed by this plant from its solutions. Crenic acid is capable of diifiision 
liiroiigh membra nos ; in an c,xpGrimcnt with recently genniiiatod pcjis it was founil, by 
microscopical observation, that crenic acid had fKissod into the plant from its solu- 
tion. The oxidation products of humic acid apjuiar, therefore, to bo taken up by 
jilants (Dotmor, Landw, VersiicJis-Slationen^ xv. 284). 

I'rom experiments by Hrotschneider {Chem, Acker&mann^ 1871, p. 287), it ap- 
pears that the prc.scnco of humic acid in the soil greatly pjromotes the sibsorption of 
iiitrogeiifrorri the air. The liiimicacid contaimxi. wlien driinl at 110°: carbon 60’397, 
hydrogen 4’;502, oxygen 85‘084, nitrogen *025, ash *042. The experimcMits were made 
111 tour metal dishes, each 6 inches deep, and exposing a surface of 1 square f(;ot. 
Kjk'Ii vessel contained 15 kilograms of quarU-sand moistened w'ilh O of) kilograms ef 
Mater, One vessel was without liumic acid; the others contained res; lectivoly 1, 3, 
iuid a p.c. of the weight of the sMid. The vessels were exposed, freely- to the open air 
tu* one yuar, but slieltorod from rain and insects, the evaporated water being from 
tune to tiijio repLicod. At the end of tlio exporimont the increase of nitrogen with 
1 p.e. humic acid was 0*069 gram, with 3 p.c. humic acid 0*239 grain, and with 5 p.c. 
tuinnc acid 0*454 gram ; or, calculating the results for an acri' of surface, the inereaso 
inis respectively 6*24, 21*72, and 41*14 pKnincIs of nitri'gcn. Tt is to bo observed that 
^^10 absorption of nitrogen rises more rapidly than the proportion of liumic acid present, 
experiments do not show that tlie nitrogen was absorbed as ammonia. 

^le^pding toDiherain {Campt, rend. Ixxiii. 1352) humic acid mixed w'itli solution 
' potash absorbs from the air 7*2 p.c. nitrogen, and humus from old wood mixed with 
potash absorbs 3*6 p.c. 

A pc^liar occunence of humic acid has been observed by T. Lottonmayor {Dcut, 
piece of rotten booch-w'ood, vvhich had fallen into n cleft 
Y, iti ** n become protected from moisture, vvn.s found to bo partially covered 

r'ad r ■ ] ?’ glistening, brittle layer of 1 to 2 millimeters in thickness. This was 
a Dr ' ^ oven in cold water, yielding a brown alkaline solution. Acids produced 

consisting of an organic acid of a brownisli-red colour. It was found to 
iiftinir'*] hydrogen, and but more traces of nitrogen. After 

*^**^*^ insoluble in water, alcoliol, and other, and dissolved with 
fiT.li The original substance was a mixturo of the potassium, sodium, 
*^^'monium salts of the acid. 

— Elaborate investigations of the crystalline form and 
this.mineral have been made by G. vom Rath. 

(f^^* ErffSnewngaband, v. 320-413 ; Jahrbuch fur 
• ®®^)* — Rath*a observations confirm the discovery of Scacchi, 
wystala of this minetal ore referrTblo to a three-fold, type (i. 930j. The 
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numerous conibiuation-facos might iudecd be-all referred to one primary form; and if 
ve select for this form a pyramid of any ono of the tliroo groups or types* then all 
faces occurring on the same crystal, or on crystals of the same group, may be repre- 
sented by simple indices ; but if the same pyramid bo cliosen as the primary form of 
the crystals of the other two groups, the iiumorous combination-forms of these ci^’stals 
will bo represented by Tory complicated indices, although they stand to ono anotlier 
in very simple relations, as above observed, with respect to tiio forms belonging to one 
and the same group. Novortholess, the difference between the three primary forms to 
which tho crystals of the three groups must bo referred, in order that their combina- 
tions may be represented by simple numbers, relate to only one axis, that is to say, to 
the ratio of this axis to the other two, w'heroas the lengths of these latter boar the 
same ratios to one another in nil the three groups. 

Ty}m I. Calling the macrodiagonal a, tho brachydiagonnl ft, and the principal axis 
c, the ratios of the axes are ; 

a : ft : c = 1*08028 : l : 4*40131. 

Tho observed forms are : 


Pyramids of the principtil scries . . P, JP, JP 

Macropyramids P2, Jp2, Jp2, ip2 

Prisms . . . . . . ceP, ooP2, aepj| 

Brachydomos Poo , JPoo , ^Poo , JPoo , jf oo 

Macrodomes Poo , JPoo , J Poo 

Pinacoids . . . . . . OP, ooPoo, cepco 

Twins occur: (1) with 2-Poo ns contact-pLiiio ; (2) with JPoo. The crystals of tho 
first typo are mostly simple ; but there are also vciy regular twins, and, on the other 
hand, very irregular trix)lo crystals. Cleavage distinctly basal. Colour white, yellow- 
ish-whito, lioiiey-yellow, chostnut-browm, brown. With tho dichroscope, difleruncL's 
of colour are scarcely perceptible; tbo same also is tho case in the other two types. 

Tyi^e II. a \ b i c ^ 1-08028 : 1 : 3*14379. — Whilst tho crystalline forms of the 
first typo are invariably liolohodral, those of the second exhibit a peculiar and remark- 
able heirdhedry, which converts a portion of tho pyramids into homipyramids. In 
consequence of this, tho crystals of tho second type acquire an apparent monoclinic 
development, whilst tho axial elements remain rhombic. Tho observed forms of this 
tyi>c aro : 

Pyramids of the principal series . . . , P, ^P 

Macropyramids 2P2, gP2, fP2, Jp2 

Bracliypyrnmids Spg, JpJ 

Bracliydomes P«*> , gPoo , JP« 

Macrodomes ^Poo , ^Poo 

Pinacoids OP, oePco 


Twins; (1) with JPoo ns contact-plane; (2) with jfoo. Colour light to dark 
yellow. Tho crystals of this type are morointorosting than those of the other two, on 
account of tho great variety of their forms; but a searching investigation is often 
required, not only for tho determination of their typo, but even of their relation to 
humite in general. 

Type III. a : ft ; £? *= 1*08028 : I : 5*66883.— These numbers, compared with the 
preceding, show that, with equal secondary axes, the principal axes of the ’ 

and third types are to ono another as 7 • 5 • ft- This thim typo includes by i ^ 
greatest number of humite crystals ; and these crystals are not only the 
cated of tho humite species, but likewise the most numerously faced of 
minerals. Hemihedry provjiils in this as in tho second typo; l>ut whereas in 
latter tiio pyramid of tho principal series is bemihodrally developed, the corjwspopa fc 
pynimids of tho third type aro liolohodral, and the liemihediy occurs m tne 
und brachy-pyrnmids. The observed forms are : 


Pyramids of tho princi^xil series 
Macropyramids 

Brachypyraraids . 

Briicliydojncs 

Macrodomes 

Pimicol'da .... 


T^P2, 

. <*P, ' 
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Twins occur witli jf’ao as contacl-plano. The colour is mostly brown of various 
but also yollow, yellowish-wlnte, and wliito. The colour appears to afford no 
criterion for Uio detormination of the typo, lliunite of thu third typo has hitherto 
been soldoni found togeChor with the first, and never with the second. Its crystals 
occur especially in two rock-formations, viz., in granular limestone, or in an aggregate 
of ffpoou augito with mica aud Bubordiiiiito Hox>arations of lime. 

The number of faces observed in hiiniite, including the three pinacoi'ds, and count- 
ing the faces common to two types only once, amounts to 13d. 

Chemioal Composition (Vom Hath, Ann. cxlvii. 24G-263). — Rammcls- 
borg Ixxxvi, 404-417). from analyse.s of chondrodrito from Noiih America and 
from Pargas, and of tho three typ«‘.s of luimito, coiicludeil that tlicso t hree tyjMs .iinl 
ihomlrodritc are similar compounds of one and tho same silicate, SMg0.3Si0‘, wil li 
vjifving <jnantitios of a thiorido, 8MgF*.3SiF‘, which may bo regaivled ns isomorplioas 
uilii tlie silicate ; further, that nii inercjiso in the proportion of fluorine is acconi- 
iiiiniud hy a shortoiiing of one of the axes of tlio crystjil, tho other two roniaining tho 
liiirao. To the proportion 2:3:4 of fiuorino-alonis in the three typos ill., I., IJ., 
correspond primary forms, in which, with eqiial bases, tho vertical axes nre as tliu 

numbers 1 : ^ or 9 : 7 : 6 (p. 650). 

9 9 


TJiesc results seem to show that tho atoms of fluorine posscsitTv?*. power of essentially 
modifying the cpystalliiio form. v. Kokscharow has, however, sliown that chundro- 
tlrilis—wliich M-as referred by Rammelsberg to the same series, but contains tho highest 
prtjporl-ioii of fluorine, and should, Ihtrrclbro, liavo .a primary form still more obtuso 
Tli.'Mi iypo II. -really belongs to that type. If, however, two varieties of Immitc, con- 
t.niniiig resiieclivcly 9 and 5 p.c, of fluorine, can exhibit tho same crystiillino form, it 
fullow.s that, the morphotropic power supposed to belong to fluoriiio cannot bo exerted 
in all eases. 'i\j throw further light on this {)uiiit, and determine whether the ehemical 
coiiipositiun of each of tho three types of bumito is constant or not, the following 
aualyves wore made: — 

X pure specimen of each typo having boon obtained by very careful solcctaon with 
tile aid of the microscope, it was liiioly pulverised, dried at 100^-120°, then fused with 
four times its weight of dry sodiinu carljonato, and tho fused mas.s contimiously boiled 
iiiiiplatimiin dish, first with pure water, then with water containing a little ammonium 
wii'boiiato. Tho whole of tho sodium tiuorido was thereby dissolved, tho filtrate niore- 
ayoi' coriMiniiig a hirge quantity of silica and a not inconsiderable quantity of miigne- 
sium fluoride. Tho filtrate was evaporated with repeated addition of ammonium 
wrlx)ii!itc, and the bulky precipitate, uflor being well washed with hot water, was 
united with tho residue of tho fused mass. Tht filtrate, on further .addition of ammo- 
nium carbonate, deposited a second quantity of silica, wliich was united with tho liret, 
and the small quantity of silica still remaining in solution was sepjirated, as rccom- 
iiioudcd by II. Jio.se, by mcaii.s of a solution of zinc oxide in ammonia, tho zinc silicate 
being aftorwirds decomposed by nitric acid, tho liquid evapomted down, and the small 
quantity of silica contained in it estimated in tho usu.al way. Tho fluorine "was pro- 
iipitated from tho alkalino solution by calcium chloride, and* tho precipitato containing 
ealeiura fluoride and a largo excess of carbonate was dried, ignited, aud ti’eated with 
JU’otic acid, which dissolved tho carbonate (mixed with caustic lime) leaving the fluoride 
*i pasty mass. This was dried on the w'ater-bath in a platinum dish, then treated 
'‘idi hot water, collected on a filter, dried, and ignited, whereby tlio calcium fluoride 
)':is obtained ns a white powder. Tho portion of the original fused mass which was 
insoluijb, in water, together with the subsequently separated portions of magnosi.a and 
H urn, was treated by know'u methods for tho estimation of silica, magnesia, ferrous 
hme, and alumina. 

?onr specimens were examined, three from Vesuvius and one from Sweden. 

I., from Vesuvius. — ^Light brownish humite mixed with light green mica, tho 
niitu predominating. The mass exhibits cavities (druses), some filled with largo 
" ftf mica ; some with pure or nearly pure crystals of humite ; some also 


contain very small quantities of calcspar. Sp. gr. 3'208 (at 15®). 
cm Vesuvius. — ^Light yollow crystalline granules intoigrown with light 

rab" . almost silver-white in thin laminee. A small quantity of admixed 

3 removed by digestion in acetic acid. Sp. gr. 

in Sweden. — CiTstals, often very impure in the intoi-ior, and consist- 

3 057 ^ one-half, of grains of galena, laminae of green mica, &c. Sp. gr. 

Uh^from Ve8uviua.--A block, as large as the first, consisting of predominant 
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humitc having an unusual orange-yellow colour, white calcspar, small quantities of 
groonish and reddish mica, a little white olivine, and isolated slendor needles of apatite 
Sp. gr. 3-191 (at 17°). * 

Two analyses wore made of each typo. Tho numbers givep in the following table 
are tho higher of tho two values obtained in each case, as tho modo of ana^sis is 
adapted to give results in defect rather than in excess. 




I. 

Ilff. 

II6. 

UI. 

Silica 


. 35-63 

34-02 

33-96 

36-82 

Magiicsi.a 


. 54-45 

59-23 

63-51 

54-92 

Ferrous oxide . 


. 5-12 

1-78 

6-83 

6-48 

Limo 


. 0*23 

— 

— 

__ 

Aluniin.a . 


. 0'82 

0-99 

0-72 

0-24 

Fluorine 


. 2*43 

2-74 

4-24 

240 



98-68 

98-76 

99-26 

100-86 


Deducting from the several totals the quantities of oxygon corrosponding with tho 
fluorine, we find the following losses; — Anal. I. = 2*34; Ilrt. = 2*40; 116. » 2‘52; 
111. = I'll ; whereas .an excess might rather have been expected in each ctisc, corre- 
spoucling with tho weight of oxygen replaced by lluoriuc. These losses appear to ho 
due to water not driven off at 100°-.! 20®, tho teinperaturo at which tho specimens 
were dried previous to analysis. Humite dried at 120® gave olf 0'84 p.c. water between 
1 20® and 200®. 

Tho following table gives tho elementary composition of the several typos, after 
deduction of tho oxygen equivalent to tho fiuorine : — 


Silicon 


I. 

. lG-63 

Ila. 

15-88 

lib. 

15-85 

III. 

1718 

MagTiosi uni 


. 32G7 

35-51 

32-11 

32-95 

Iron 


308 

1-38 

5-31 

3-07 

Calcium . 


0-16 

— 

— 

— 

Aluminium 


0-44 

0-53 

0-38 

0-13 

Fluorino . 


. 2-43 

2-74 

4-24 

2-40 

Oxygen . 


. 41-35 

41-54 

39-58 

43 12 



97-66 

97-61 

97*47 

98-85 


If now tho iron, calcium, and uliiroinium bo replaced in each case by equivalent 
quantities of ningnosiuni (A1-— -Mg*), tho quautitios of magnesium in the three types 
of humite become : 

T. ITrt. 11&. III. 

35-04 36-82 34’89 34 43 ; 


and dividing these numbers and tho quantities of silicon, fluorine, and oxygon by the 
atomic weights of the respective olonicnts, wo find for the relative numbers of atoms 


of these elements — 


I. 

Ila. 

lift. 

III. 

iSilicoii 

, 0-594 

0-567 

0-566 

0-613 

Mugnesinni 

. 1 -460 

1-534 

1-453 

1-435 

Fluorine . 

. 0-128 

0-144 

0-223 

0-126 

Oxygon . 

. 2-584 

2-596 

2-474 

2-695 

or, making the number of silicon-atoms *=* 

2, the niimhei'R 

of the magnesium 

are : 

I. 

Ila. 

Ilb. 

ITT. 


5-91 . 

5-11 

513 

4-68 



Moan = 5*03. 

Hence, neglecting the fluorine, the composition of all humites may bo represented by 
tho formula 

Mg*Si*0* or 6Mg0.2Si0*. 

This formula, which is simpler than the one formerly given by Bammelsbergi 
8Mg0.3Si0®, may also bo deduced from Itammelsberg’s own analyses, if th^ 
culatcd with tlie atomic weight of silicon now adopted. ^ 

The relative numbers of molecules of tho silicate and of the fluoride* 
mixed with it are o.*i8ily calculated from the relative numbers of atoms of the ^ 
atiil oxygoni For 1 atom of fluorine the preceding values give for the nuJnPe^. 


oxygon, 
oxygen -atoms : 


I. 

20-1 


Iln. 

180 


preceding 

lift. 

11-1 


in. 

21-4 
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u nee Binco catsli molecule of a fluoride contains twice as mauy atoms of fluonne as 
A re are atoms of oxygon in the corresponding silicate, it follows that for each molecule 
UVioride the numbers of silicato-nioleciiles in the several types are. : 

40'2 36 22*2 and 428; 


J as the diifcronccB of fluorino in the three Vcsuviaii liumites scarcely exceed the 
onliaary errors of analysis, these throo humites may bo reprosented by tlio same 


formula, viz. ; 


40Mg"Si*O» + 


whereas the Swedish liumite contains for the same quantity of fluoride only half tliat 
amount of siliciite, viz. : 

20Mg“Si2O» + ]VIg»Si*F». 


The formula Mg*Si*0® (two-fifths silicate) may bo resolved into that of a lioroi- 
Bilicato (or orthosilicato) Mg®SiO* or 2MgO.SiO'*, and that of a tritosilicato Mg^'SiO- 
or 3MgO.SiO* ; and the fluoride, in like manner, may bo regarded as a mixture or 
combination of Mg*SiF" and Mg*SiF'®. Tho hemisilicate is identical with olivine ; 
the tritosilicate is not known in tho separate state. Olivine occurs not unfrcquently 
in very small, nearly colourless crystals, accompanying and intorgrown with the humito 
rrysbi'ls of Vesuvius. 

'L'liogcneral conclusions dcducible from tlic preceding analyses are: (1.) All liiimitcs 
.iro essentially similar in constitution, and the varying replacement of isomorphous 
constituents has no decided influence on tho types. The variation of colour from the 
lightest yellow to reddish brown, wliich is observed in each of tho types, shows that 
till) rcpbiceraent of magnesia by ferrous oxide does not aifect the typo. Moreover, as 
tlii! quantities of fluorine in the tW'O varieties of typo II. are to one another nearly as 
1 : 2, JL similar variation in the amount of fluorino may bo predicted in the other two 
types. (2.) Humites contain a small, but perliaps never altogether filling quantity of 
siluiiiinn, comparable perhaps with tho small quantity of that substjinco occurring in 
jiugit ie minerals and in tlio enstatito of tho meteorite of Ibbenburgen. (3.) The varia- 
liori in the amount of silica (which appears also from Bammclsber^s analyses) shows 
tliat tho composition of the several types of humito is not absolutely constant. 

No other silicate occurring on Vesuvius lias hitherto been found to contain fluorine. 
j'luor-.spar, which is of extremely rare occurrence in Vesuvian out-casts, has not been 
I'liiud ill ns.sociation witli humitc. 

AVitli regard to tho occurrence of liumite in Vesuvian out-casts, it may bo observed 
that, whereas some Vesuvian minerals occur chiefly or almost exclusively in blocks of 
one iind tho same kind, mojonite chiefly in Jimestoue blocks, sarcolito exclusively 
in bloeks of green augite, humito is found botli in limestone and silicate blcKrks, the 
twu types of mineral aggregates occurring on Vesuvius. Humites are most frequently 
associated with mica, light green or reddish-yellow, also with green augiU^ white 
oliviiio, black spinel (ceilanite), and calcspar; more rarely witli vesuvian and garnet; 
Elill nioiM rarely with sanidin, mejonite, and iiophelin. 

Of tho three types of humito, I. appears to bo tho rarest, and III. the most 
I'lLundjiiit. 


BTACZITTB. SeoZincoN, 


BVBAWTOXO AGZB. See Aulantoic Acid, p. 44. 

B^BRACXBS, 1. CGiutitutioih in Solutiof^ and Inverse -Berllielot 

[BuIL Hoc, Chhn, [2], xix. 386) h.*is investigated Uio constitution of tho liquids resiilt- 
‘ng from tho union of tho hydracids with water, by the indications afforded by the heat 
produced on dilution, the progressive increase of which with tho proportion of water 
“loirs the existence of a group of dofiuito hydrates rupresonted by tho formulae — 


HCl + 8H»0 ; HBr + 4H=0 ; HI + 4H»0. 

A second motliod was to observe when a current of carbonic anhydride passed 
rough tho solutions ceased to carry off sufficient acid to give any precipitate with 
•‘“vcp nitrate. The limit at 12® coiresponils with acids of the composition — 

HCl + 6-6IHO ; HBr + 4-2H®0 ; HI + 47H»0, 


^ 'yrs '-‘vawiy with the results of Bineau, and with those obtained by Boscos(6!ftm. 
do 1^03^00 a. Dittmar (i&M xii. 128). These hydrates, however, 

jL **'^*^^‘ definite combinations, ns small quantities of acid are curried off by 
of gas even when much more largely diluted. As it appears, from the cx- 
a. Bittmar, that tlio difference in composition of the hydrated 
doB * at constant temperatui'es under pressures varying from 0*60 to 2’60 met. 

^ act vaiy greatly, being from HCl + 0-7H''0 to HCl + 0-8H=O ; HBr + 4 2H=0 to 
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fiH^O ; HI H- 4'7H'‘‘0 to 5‘5H^O, BerUielot concludes that they are mixtures of at leas 
two deflnito hydrates, ono of which is stable, whilst the other, the least hydrated is 
a state of pirtial dissociation varying with the temperature. It is, moreover, the a? 
hydrous acid, and not a dotlnito hydrate, which voLitilisos below the limit of stabilit 
for hydrobromic acid gas, saturate with the vapour of water, gives the somo calori^ 
results on solution as perfectly dry gas. 

It would seem, ilicreforc, that concentrated solutions contain a certain amouut f 
anhydrous acid, whoso proportion at a given temperature can bo calculated, the soln. 
tiona being mixtures of the hydrates with the anhydrous acid simply dissolved, that is 
to say, liquclicd in them. The precipitation of saturated solutions of the alkjilino 
chlorides by hydrocliloric acid also serves to verify the state of hydration of these 
liquids, the add taking from the solution of tlio salt the water necessary to convert it 
into a stable hydrate. The limit when it ceases to precipitate the salt is IICl + 7 *511*0 
widi potassium chloride; HCI + 6H-0 with sodium chloride, HOI + 911^0 witJi 
ammonium chlos idc, and HGl + 9H-0 with barium chloride, the difference in tlieso 
results lieing duo principally to the greater or lesser solubility of the salt in hydrochloric 
acid. The results of llicso determinations are regarded by Bertholot as sufficiont to 
cstablisli the cxistouce of a certain amount of anhydrous acid in concentrated solutions 
of the hydradds. 

The constitution of the hydradds in solution h.as an important bearing on chemi- 
cal reactions, especially those in which the action varies with the concentration 
of the solution, as for example, in the evolution of sulphuretted hydrogen on treating 
native antimony sulphide with concentrated hydrochloric acid, and the inverse reaction 
of the precipitation of sulphide of antimony by sulphuretted hydrogen from a solution 
of antimony chloride in dilute hydrochloric acid ; the neutral point hero correspondB, 
at the ordinary temperature, with an acid of tho strength HCl-h eH-'O. An acidaomc- 
what more concentrated than this attacks native antimony sulphido with disengago- 
ment of sulphuretted hydrogen, but on adding a snuill quantity of water to tho liquid, 
which now contains both antimony chloride and sulphuretted hydrogen in solution, an 
orange-coloured precipitate of tho sulphide immediately makes its appearance. The 
action of concentrated hydrochloric acid on tho antimony sulphide is accompanied by 
a sensible absorption of licat, clue to the formation of the gaseous sulphuretted hydrogen, 
this absorption being less limn tho heat of solution of the gas. 

In tho onergotic reducing action exerted by concentrated hydriodic acid, it is really 
the anhydrous liydracid dissolved which produces the effect ‘ by virtue of iho excess of 
energy it possesses compared with its delinito hydrates,* that is to say the heat conv- 
Bponding with tlio transformation of the anhydrous acid contained in the solution into 
curtain stable hydrates. A similar oi^lanation may bo given of the inverse action of 
concentrated hydriodic acid on sulphur, producing sulphuretted hydrogen, and of sul- 
phurottod hydrogen on iodine in prosunco of a largo amount of water, forming hydri- 
odic acid, the neutral point appearing to correspond with an acid of tho s^ength 
indicated by tho formula HI + 7H*0, which is the same as for the inverse actions of 
concentrated sulphuric acid on concentrated hydriodic icid, and of sulphurous anhy- 


dride on iodine in presence of water. 

Borthelot concludes, therefore, that dilate solutions of tho hydracids contain only 
dcflaito and stable hydrates, whilst concentrated solutions contain at the sama time 
hydrates in a state of dissociation, and also a certain proportion of anhydrous acm. 
In tho phenomena of invor.so chemical reactions product by these two of solu- 
tions, it is tho anhydrous acid which effects certain reactions, whilst the hydrates ore 
either indifferent or even produce an inverse action. 

2. Reciprocal Dinplacemciit of tite Hffdracids, — It is well known that the 
displacements of the hydracids are very often tho reverse of those exhibited by t o 
corresponding lialogcn olomonts. Thus, on the one hand, chlorine displaces hronH * 
and both expel iodine from its compounds with silver and the alkali-metolSi w 
on the other hand, hydriodic acid decomposes bromides and chlorides. 
plained these facts some time ago {Compt, rend, Ixiv. 414), by showing that we 
tion which occurs by preference is always tho one which evolves most prafc ^ 
calculations having been founded on determinations which more recent exprotf^ 
rendered doubtful, ho has reinvestigated tho thermic relations of the najoge 
their hydrogen-acids with the metals potassium, silver,^ and mwuty^-^ ^ 
confirms in every way his previous views, with the exception: ™ 

hy tho reaction of potassium hydrate with the three hydracids is piagtiqiw^ , 
for each, when the salts produced are the same in solution. But evea W \ , 

heat of formation of the solid milts is in accordance witli the genierj^w* 

No constant difference appears to exist between tho 
halogens or of the hydradds. Thus, whilst with potassium 
evolve identical quantities of heat, the formation of mowuric ioaSflO 
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acid disongages^ 19*2 hmt-nnits more than the formation of the chloride : with silver 
oxide and liydriodic acid the heat exceeds by 11*2 units that of the corresponding re- 
rtct-ion with hydrochloric acid. Similarly the substitution of chlorine for iodine in the 
niorcnry ssilt disengages less heat than in the salt of any other metal. In the case of 
tli0 alkali-metals, however, and also with certain non-motallic chlorides, &c., an ap- 
proximation to a constant difference is observed. 

Although the heat of formation of tho throe potassium salts is the same, the acid 
witli a higher equivalent will nevertheless replace one with a lower. This fact may bo 
demonstrated by mixing each of tho three liydracids with the potiissium salt of tho 
two others in dilute solution, and then evaporating the mixture. An excess of 
hydriodic acid (2 equivalents) displaces the other two acids, almost completely, 
and a similar excess of hydrobromic acid as perfectly expels hydrochloric acid ; but 
wiLli singlo equivalents of the acid and salt, tho substitution is incomplete, the residue 
alwnys containing salts of both acids, that with tho higher equivalent, however, pre- 
ITonJerating. The numbers furnished by Mciprocal reactions are generally nearly tho 
same ; and further, although hydrochloric acid is able to expel a small proportion of 
tlio other acids, it docs so very imperfectly oven when in large excess. 

TJicso facts admit of the following explanation : — Tho two hydracids divide the 
haso brlwocn them when the solution is dilute, but when during evaporation the point 
is readied at which a definite hydrate (or rather a system in which tho hydrati-, the 
jinliydrous acid, and tho vapour of water aro in a state of equilibrium) begins to pass 
oir, the Jiydrochloric acid escapes with greatest facility, because in such a system this 
iicid possesses a higher tension of dissociation than the two others at the same tom- 
])iratiirfi {Compt. rcutl. Ixxvi. 742); and tliough tho stability of tho hydrates of tho 
two hitter is very nearly tho same, yet the greater volatility of tho bromhydric hydrate 
is tile cause of its pissing off in prcferonco to tho less volatile iodhydric liydrato. 
Nevertheless, since tho anhydrous acid in both the latter hydrates possesses a certain 
tension ot dissociation, it follows tliat when the two acids are present in equivalent 
proportions, or w'hen tho more volatile preponderates, a portion of tho loss volatile will 
in all casus bo lost. 

That a division of the base between the two acids actually takes place, may also bo 
demonstrated by adding concentrated liydrwhloric acid to a saturatcif solution of potas- 
iodido, when a precipitate is obtained consisting of almost puro potassium 
cliloridu. 

HTBUC&nzC ACZB, (3*H“0». An isoniorido of lactic acid obtained by tho 
iiction of moist silver oxido on /3-iodopropioiiic acid (sco Lactic Acid). 

This mineral occurs (a) in Chester Co., Pennsylvania, as 
ft ptnlnctitic deposit on brown hflematito ; hardness — 3 ; sp. gr. « 2-3o; (6) at Villa- 
|icca in braail, in spherical lumps of the size of a hazel-nut, cemented together by 
urown bminatito, sometimes rndiu-fibrous ; hardness = 3 ; sp. gr. = 2‘39. 

Al*0’ IVO* 11=0 HIO* P=0’ MgO KeO 

fl. G3'84 — 33'45 1'50 O’Ol trace trace — 99’70 

h. 63-60 2-00 34-40 — — — _ .*= loO 

The fcirmiila Al^O.^SH-O requires 65 o4 p. c. APO» and 34 46 IPO (K. Ileriuann, 
•/.F. CW. cvi. 70). 

An alkaloid occurring, together with berberinc, in the rhizome 
Canndenais or Qoldeii Seal. It d^'stnllises in whiti; shining four-sided 
their transparence w'hen dried. It is very bitter and pungent, and 
Am ■ ^ moutli a feeling of numbness, which causes it to be employed in 

^ amcsthotic. It is noi-irly insoluble in water, freely soluble in 
the hvi ®^*lorofonn, and benzene. As the last three do not dissolve berberino, 
Jimviiit ^*****"1 easily extracted by treating tin powdered root in a displacement 

cuilf /m either of these solvents. The proportion so obtained is about 1.J per 
(f&m. J, Trans. [8], iii. 604). 

"SAXOToXiVaira. Soa Tolukme Deritatives. 

C^N*H*0. A compound formed by tho action of water 
(P- 416) ^ which is formed by tho combination of cyanogen with ammonia 

^^USAUZARZir. Soo Alizarin, p. 40, 

, C"H**N*. See Acbisime, p. 26. 

},^|J^-*)KlSO.VanfcASO.MUMMKvrar. See Hksobcie, Am-DEiorA- 
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B'nROBBM’ZOnr. Hqq liKxzuiN, p. 171. 

HTBnOBIZiZBUBZlHr. See l^ihE-nuMKNTd, p. 100 

BTBBOBOBOCAXiCZTSi moro properly called SOBOM'ATBOCAZCXTS 

In a commercial sample of this mineral from South America, Graegor (J^. Jahrb, PharJ 
sxxi. 291 ; Chem. yews, xx. 119) found— together with 3*76 p.c. NaCl, 1*06 Na’SO' 
and 4*23 residue, -wliicli must ho regarded as impurities — the following quantities oi 
the essential constituents : — 

CrtO Nsi-O B=0’ 11=0 

17 03 4-26 52-73 25'98 - 100-00 

Those proportions may ho nearly represented hy tlio formula 6(Cii0.2B“0*) + 
Na-'0.2B-0® -r 1 3II-0, which requires 17*85 C/iO, 3‘20 Na^'O, 52-07 B*0* and 2G-70 
H*0. 

Tiie composit ion of tlio mineral is doubtless variable, llamniolsberg, from his own 
analyses, dcilucc‘<l the formula 2(Ca0.2B-0*) 4- Na-0.2B-*0® + 1811*0 (Isi Suppl. 
p. GOG). Gracgcr also describes a method of utilising the mineral for tlio preparation 
of borax. 


BYDBOGjOlBSOIZS. Formatimi (F. Pfankuch, J.pr, Oiem, [2], iv. 36; vii.07). 
- rotassiuin phciiatc and potassium benzoate yield, when heated together, potasshim 
carliouato and diphenyl. PoLnssiuin phonato distilled with potassium acetate yields 
methyl bon ZL* no (toluene) ; and potassium ethylate distilled Avith iwtassium ben- 
zoate furnishes ethylbenzene, the yield in both cases being small, in consequence of 
carbonisation. I'lio additi<in of pumice or fine sand, and the use of an excess of tho 
acid, increases tho prudiiet. 

Tho dry distillation of a mixture of potassium phenato and valerate yields i sob utyl- 
bciizcne, boiling at 160'^. A mixture of putissium phenato and chlorohcuzoato gim 
monochlorodiphcnyl C'*I1“C1 melting at 89°. iSimikrly a mixture of potassium 
acetate and tvibromophenato gives trib romotolu one, C’H-*Br*, which crysbiUises 
from alcohol in small white needles inciting at 160°. 

^ On distilling a inixturo of potassium phonato and succinate, a distilhito is obtained, 
yielding, on addition of soda, an oil sei^iirablo by rectification into toluene and^ a 
portion which exhibiLs a tendency to crystallise and has a very unpleasant smell; its 
iiatiiro has not yet been dcUTmined. Potassium phenateand oxalate yield diphenyl, 
readily obtained pure by washing Avitlisoda, then dissolving in alcohol, and precipitiit- 
Lig with water. Monoiiitrocliphcnyl is tho product of the distillation of a mixture 
of potassium phenato and nitrobonzocito. 

Hydrocarbons are also formed by tho action of sulphur on tho salts (chiefly barium 
salts) of organic acids. On heating barium benzoate witli sulphur, there is obtained, 
besides benzene, a crystalline product in considerable quantity, which, uuder tte 
microscope, is seen to consist principally of two difibrent bodies. Tho greater portion 
is tolanc, mixed with sulphotolano. To obtain tho tolano pure, the mixed 

product is cither distilled over finely divided lead, obtained from lead acetate by pre- 
cipitation with ziqc, &c., or it is lieatod in ethereal solution in sealed tubes wit^ead 
or copper, and then fractionally distilled. Koaction takes place in tho main according 
to the equation : — 

(C«H»COO)*Ba + S == SO^Ba + (C^H»)«. 


By distilling a mixture of barium acetate and sulphur, and removing the aulpj^r 
from^ the product by means of copixjr or lca<l. a liquid hydrocarbon C*H" (dmnyl) i** 
obtained. It is a light oil boiling at about 20°, and having an extremely sharp persis- 
tent^ but not unpleasant, odour. 

Actwn of Phosphonium Iodide on Aromatic Hydrocarbom , — ^Tho reducing 
phosphonium iodide, or phosphine hydriodido is not so powerful as™* 

of hydrogen iodide (Ut Suppl. 740). It carries the reduction of hydrocarbons onlT^o 
tho same point as sodium-amalgam does when acting on the acids : consequcmtiyii « 
not give rise to any compound of tho methane series. Tho stronger reducing 
hydrogen iodide appears to bo duo to the presence of free iodine, which 
rarily with the hydrocarbon, and may thus to a certain extent urttT. 
hydrogen* Now phosphonium iodide is resolvod by heat into phoaphiM dv 

iodide, and all tho iodine set free hy the reducing action is imm^ate^talc^P 
tJio phosphine, which is thereby reconverted into phosphonium iodide, 
of phosphorus iodide. ' ^ ' 

^nsene is not attacked by phosphonium iodido oven at 
and continuously treated with it, finally at 360° takes up 3 at, u 

most part converted into C’H'®, which boils at 106°-^108V 
reduced to a hydrocarbon C®II** which boils at 122°-126°, 



HTDROCOUMARtO AGID. 667 


fBdttced than the preceding hydroearbonfl ; when treated four times vithphosphottium 
^ido finally at 280®, it ie almost wholly converted into hexhydromesitylene 
Lilinc at 136®-138®* Naphthalene an oil boiling at 170®-! 90®, and another 
boiling at 201®. Turpentine oil boiling at 160® gives a hydrocarbon 
which likewise boils at 160® and is ye]^ stable. These results show that the assump- 
tion of hydrogen by aromatic hydrocarbons undor the influence of pliosphonium iodide 
is leluted to the number of methyl groups contained in their molecule, 2 at. hydrogen 
being taken up for each atom of methyl present (A. Baeyer, Am, Ch, Pharm, civ. 
266). 

Action of Piatinmn atid Palladium on Hydrocarbons . — The action of platinum made 
red-hot and plunged into the vuTOurs of alcohols and ethers, which then keep up the 
iiicandescoiice, appears to extend to all hydrocarbons, volatile oils, bodies similar to 
iinilinc, &c., but not to the fixed oils, or sulphuretted essential oils. The products of 
tho imperfect combustion, in every case yet examined, are the aldehyde or acid, or both, 
analogous to tho substance experimented upon. The apparatus employed wiis 
niodilied in different cases, but it consisted essentially of a tu&i containing tiio incan- 
descent platinum wire, through which was passed a mixture of air and tho vapoiv, 
tho prorhicts being collected in a condenser connected with an aspirator. Toluene 
tmitcd in this manner yielded bitter almond-oil, which, on exposure to air, was con- 
verted iuto benzoic acid. Marsh-gas did not maintain tho incandescence unless the 
wire wa.** heated by the pile till the action had fairly^ commenced. . Davy found, it is 
true, that the wire suspended abovo tho flame of his safety-lamp remained red-hot 
nflor an explosion of mnrsh-gas, but this was probably duo to the presence of other 
liydrocarboDs. The product of tho reaction started by tho pile is formic acid ; no 
aldohydo could be obtained. Ethylene- vapour, if allowed to pass very slowly over the 
platimim, keeps the latter rod-hot without an explosion taking place, acetic acid being 
formed. Manv other metals act in the same way as platinum, but on account of tlieii* 
molting when heated in a flame, tho experiment is difficult to make. Palladium is a 
butter .‘igent in partial oxidation than even platinum. Marsh-gas keeps it red-hot 
vitbout the aid of the pile. It is also safer than platinum ; no instance occurred of 
its causing ethylene to explode. Other peculiarities of this metal are that it becomes 
vrinkicd on tho surface, is rendered brittle, and diminishes in weight after a few days' 
usoin these experiments (J. A. Coquillon, Compt. mid. Lxxvii. 444). 


nmilOCOlFMABlO AOXB. This term is lued in the Piret Supplement 
(p. 715) as synonymous with melilotic acid, the acid which exists combined 

with coumarin in the yellow melilot, and is produced artificially by tho action of 
nascent hydrogen on coumarin. But from more recent experiments by Zwoiiger (Ann. 
Ch. Pharm. Suppl. viii, 23) it appears that this synthetic process yields tw'o distinct 
ucids, a«:ording to tho proportion between the nascent hydrogen and the enu- 
narin, viz., monobasic melilotic acid, when tho solution contains only a small 

quantity of coumarin and the nascent liydrogoii is in excess ; and bibasic hydrocou- 
maric acid, C“II”0*, when the coumarin is in excess. 

, To prepare liydrocoumaric acid, a concentrated solution of coumarin in strong alcohol 
js repeatedly treated on tho water-bath witli thick pasty sodium-amalgam ; sodium- 
uyaroroumanito then separates out, and may be freed from coumarato and melilobito 
ut sodium by boiling with absolute alcolidl. The portion of the acid still remaining 
ja tho alkaline mother-liquor may be obtained by evaporating off tho alcohol, acidu- 
acetic acid and precipitating with lead acetate. The precipitate, after 
Kpoated boiling with water, is decomposed hydrogen sulphide, tho acid liquid 
Jap^ted to the crystallising point, and the acid which separates, puriflod by conver- 

into tho sodium salt, &C. 1 

jtyurocoumaric acid, is slightly soluble in cold, easily in boiling water, 

oepaiates therefrom in needles or grauular crystals. In ether and in alcohol it is 
anbSl*v? v' heated it gives oflf water at 100®, and is converted into its 

^nde, hydrocoumarin. It is not altered by sodium-amalgam. 

Kilf i? bibasic. Its ammonitem salt does not crystallise. Tho eodiurn 

in + lOffO, dissolves easily in warm water, and ciystaHisos therefrom 

tabular prisms: it is dehydrated by alcoholr Tho lead salt 
G"‘H'*Ag*0*,andca»pflf' ealt C'*H**CttO*, aro bulky precipitates, 
two becoming crystalline when loft in the liquid. 

•c'kI w which is best prepared by fusion of hydrocouranric 

alcohol, ana recrystallising from cliloroftm, is 
Bodimu. together with melilotic and hydrocoumaric acids, by tho action of 

^ aqueous solution of coumarin containing a little alcohol. ^ It 
Bhiping lamins, melts at 222®, is decomposed by prolonged fnsion. 
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It is nearly insoluble in water, alcohol and ether. By hoiliiig with dilute nitric nAj it- 
it is converted into a nitro-compound ; ammonia and dilute aqueous potash do not 
upon it ; alcoholic potish converts it into hydrocoumnric acid. It is not converted into 
inelilotic acid by sodium-amalgam. When fused with potash it yields acetate 
salicylate of potassium: + 6H*0 « 2C*H^O* + 2C»H»0» + 3H». 


SnxoOflBRV&lOWOira, C**H**0*. Soe CcBRULiONOxra (p, 376). 
BraX0C0TAMnira« . Sco Opiubi-bases. 


BnsOBZBKOMAXOSWKBn, C»H»>Br'N*. See Benzene, Azo'-deeiva. 
tiVEs OP (p. 148). ^ 


amBOBZOBBOBAMXnairaBfrB, C»H*®01*N*0. See Benzene, Azo- 
dkuivatives op (p. 151). 

BTBBOBZarZTl^KOBBirunrS. C«H*“(NO»)«N*, is formed by the action of 
cold ammonium sulphide on dinitrazobenzene, just as hydrazobonzene is formed from 
azobeuzeiio. It is insoluble in water, and crystallises from boiling alcohol in louts 

S iUow needles melting at 220^. Oxi^sing agents reconvert it into dinitrazobenzene. 

eated to 220°-2 .'j 0®, it splits up into dinitriUBobonzeno and nitranilino, just as hydia- 
Eobtonzone is decomposed % distillation into azobenzene and aniline (1«^ Suppl, 272). 

2C'=H*“(N02'/N* = C**H*(NOs)=N» + 2C»II®(NO«)N. 

The nitrauiline thus obtained molts at 110° and is idontical with that which is pre- 
pared from dinitrobeuzene. 

By the action of hot ammonium sulphide, hydro-dinitrazobenzene is easily converted 
into diphenino or hydro-diamido-azobenzonc, which indeed is formed 

directly fiK>m dinitrazobonzeno by the action of hot ammonium sulphide (p. 436) 
(Lormontoif, Deut. Chem, Ges, Ber, v. 236). 


On tho Evolution of Hydrogen in Alcoholic Fermentation, see 
Fxbxentation (p. 617). 

^ Preparation of Pure Hydrogen Gae, — Kolbo (JHngL polyU «7. cciv. 160) draws atten- 
tion to tho necessity of using ililuto sulphuric acid in the preparation of hydrogen when 
required in tho pure state. Ho finds indeed that sulphuric, as well as sulphurous, 
acid cun be reduced to hydrogen sulphide by tho action of nascent hydrogen, and con- 
soquontly that hydrogen gas evolved by the action of. zinc, even on perfectly pure 
sulphuric acid, otlon smells strongly of hydrogen sulphide and blackens load-paper. 
The hydrogen sulphide is more abundant, the hotter tho acid liquid, and the more 
conoentmt^ tho sulphuric acid which comes in contact with tho zinc. If the acid be 
previously diluted with twice its volume of water, tho evolved gas is perfectly free 
from hydrogen sulphide. Attention to this point is especially necessary in the detection 
of smaU quantities of arsenic by Marsh’s process, as if the hydrogen contains sulphur, 
the arsenic may be converted into sulphide and so escape detection. 

C. Violotto finds that hydrogen, after passing through lead nitrate, silver nibrate, 
silver sulphate, caustic potash, and oil of vitriol, is perfectly free ftom hydrocarbons, 
Inasmuch as on passing it over jp«rc copper oxide at red heat, condensing the 
n U-tubc, and passing tho gaseous products into baryta-water, no opacity is prodocea 
in the latter, and tho condensed water is quite free from acid reaction. 

On the Estimation of Typical Hydrogen in Ammoniadfases, see AtONEfl (p. 56). 


Combination of Hydrogen with Chlorine in the Absence of 
When charcoal absorbs dry chlorine, the temperature rises, and if dry . 

brought in contact with the charcoal saturated with chlorine, hydrochl^e the 
formed in cousideniblo quantity, while .at the same time chlorine is given off ana 
temperature falls (Melsena, reaef. Ixxvi. 92). 

Absorption of Hydrogen hy Palladium. — Boberts a. Wright 
[2j, xb 112) have endeavoured to determine the state of the hydrOMU absww J 
pHlludium by a comparison between tho specific heat of the ^larged 
that of tho palladium in its original state. If the hydrogen, as Qiahsm itt 


^ if V Hien 

enters into tho combination as a' metal, and tho resultuig cbmpomHl ir an , - l’ 
according to what is known of alloys in general, the spomfie h^t af Wt Marg^^l^ 
ladium Mould ho a mean between the specific heats of paHadiuiik and ^ 
the free state. Tlio experiments show that this » not fibe case ; ajad Wbt 
palladium is neither an alloy, nor a mixture of palladium ^y^4* i 

ladium, but tlmt each several charge must ho regarded as giving. 
compound; and therefore that hydrogen and pt^adium are capabW- 
tc^therin proportions whidi are not cxprossiblo by simpla 
billing elements. ■ 
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FutM) OB the otlier i>a^ (Contpl, rend, borii. 649), eoosideiH paUaditam chargad 
witli hydrogen as a tamo alloy, becaiiso tho hoat developod by the combination (9,000 
grttin*tlofi[ro®**) is tho same for the last as for the first portion of hydrogen added ; 
■whereas the absorption of hydrogen bjr platinum, and that of otlier gases by charcoal, 
jiro merely cases of ^pilla^ affinity, in ■which tho gas may bo supposed to form a 
layer whoso density diminishes with increasod distance from tho surface of tho solid } 
this is indicated by tho fact tliat tho later portions of gas absorbed evolvo less hoat 
thiin the earlier. The complete saturation of platinum-black with hydrogen (244 
Tol limes) disengages about 20,700 heat-units for one gram of hydrogen absorbed. 

Ti-oost a. Hautefeiiille {Cmiipt, nnd. Ixxviii. 088) likewise find that palladium forms 
with hydro^n, a definite compound, Pd*H, whicli is further capable of absorbing hydro- 
gen in coiisiderablo quantitjr. The density of the puro compound is 1 1'OO, and that of 
the melteil metal from which it was prepared was 12*0. Supposing, therefore, that 
tho elements unite ■without condensation, that is to say that tlie hydrogen in combina- 
tion with the palladium has the same density that it would have if solidiflod in tho 
froo state, ^ tho density of this solidified hydrogen "will be 0*62. Tho same value has 
hcon obtained by Dewar {Pkii, Mag. [4jj, xlvii. 324), from calculations based upon his 
own experiments. Graham estimated it at 0733 (ls< Suppl. 718), but his calcula- 
tions appear to have been based on tho supposition that tho compound of palladium 
and hydrogen wns not of definite constitution. 

Troosta. }rautefcuillo(Cb/ap^. rend. Ixxviii. 807) have also examined the compounds 
of hydrogen with potassium and sodium. They find that both are definite compounds 
possessing tho metallic lustre, and represented by the formulse K*H and Na‘-=ir. ‘ 

To prepare tho pjjtessium-compound, the potassium was placed in a small iron vessel 
lit tho bottom of 11 glass tube ; the latter communicated with a inanomcter, and by 
moans ol a three-way tap, "with a Sprengel pump, and with a supply of dry hydrogen.' 
No gas was absorbed at tempoiatures below 200®. but on beating tho metal to 350® or 
•100® absorption proceeded moro rapidly. It required, however, 250 hours to saturate 
2'5 grams of iKitiwsium at a temperature of 290®. 

The hydrogonised potassium (potassium hydride) is very brittle at tho ordinary 
temperature, and rosomblcs an amalgam of silver in outward appearance, lustre, uud 
prystnlhno structure. It can bo molted in hydrogen or in a vacuum without undergoing 
all oration, but if brought into contact ■with air it takes fire immediately. In a vacuuiil 
at about 200®, it begins to decompose, and at 411® the tension of the hydrogen id 
700 mm. ; in order therefore to saturate potassium at this temperature, it is necos- 
rll? to hoat the metal in an atmosphere of hytlrogon the pressure of which is a 
I lie above that of the atmosphere. The definite compound absorbs hydrogen in 
qmmtities varying with th«» temperaturo and pressure ; thus at 300® and 760 mm. it 
absolves 40 vols. of gas ; it is necessary, therefore, in order to obtain the doflnito 
combination alone, to oxi>el the gas until the pressure of the hydrogen is no highei* 
inrat is m dissociation for tho particular temperature at which the oxperi- 

By extracting the gas with the morcurial pump, it was found that one vol. of 
potassium was combined with 126 vols. of hydi^on ; the formula K»H requires 124*6 


wavwaoum lU 

Qiientlv Trru was w»o», tnat of tHo soaiura employed being 0*970 ; conse- 

in ih/lT foments are united without condensation, the density of tho h^rogon 
coranonSi”*S°”“? ” ® higher than that of lithiniA 0*59. Tho 

phone quantities of hydrogen; at ^OO®, under tho atmoa- 
"P ® volume. 

hydpoMTi ^ w under a prassure of 760 mm., absorbs 17 times its volume 

The under similar conditions, dissolves only 3 times its volume, 

plate Palladi™ is an active reducing agent, A thin palladium 

^hh palladium black on both sides by means of a battery, and charged 

“ny bo kept for weeks in alcohol or ether without losing ^e hydrogen, 
gun-wttnn * ; but if quidtly removed, dried, and wrapped 

for a f ’ a few seconds, the gun-cotton explodes, and the hydrogen 

*ccin to con ®®®®®ns with a pale fiame. In eUier, the gna-bubblos which come off 
'winced y ethylene formed by deoxidation. Potassium nitrate is soon 

1398). nitnto by the charged palladium (Bottger, Deut, CHem. Ges, Ikr. vi. 


passing a mixture of the vapour of benimyl 
^ nyarogen over heated palladium-black, obtained hydrochloric acid and an* 
17 u a 
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oil apparently consifiting of benzoic aldehyde mixed with benzyl alcohol. In a similar 
manner nitrobenzene may bo reduced to aniline. 

- Reductio of Silver yUrate hy Hydrogen. — The precipitation of small 
quantities of silver by pure hydrogen from solutions of. the sulphate, nitrate, and 
acetate, has been known for some time (la^ Suppl. 718), and recently this reaction has 
been more particularly studied by W. J. Itussell {Chem. Soc. J. [2], xii. 3). The pre- 
capitation takes pl.'icc with perfectly pure hydrogen, and more readily in a saturated 
tlian in a dilute solution. Even from a saturated solution, however, the precipitation 
occurs ouly after some time, and the amount precipitated, as compared with that 
in solution, is always very small. When a saturated solution is used, hydrogen must 
bo bubbled through it for nearly half an hour before precipitation takes place ; if the 
current be continued, a^dull greyish substance sepiratesout atfirst, but afterwards the 
precipitate is perfectly crystalliiio and bright, cxliibiting a beautiful appearance. At 
first the amount of silver precipitated is nearly proportional to the time for which it 
lias been exposed to the action of the hydrogen, but after the first 48 hours the amount 
of silver precipitated increases at a slower and slower rate, and after a certain time tlie 
amount of silver present will often begin to diminish. This precipitation of silver by 
hydrogen is independent of the action of light, but is very much expedi^l by heat. 

On passing hydrogen through the silver nitrate solution only for a minute, nnd tlien 
beating it, a very visible, although not very lieavy precipitation immediately appears ; 
it is amorphous, and of a brownish colour. Through a cold solution hydrogen may be 
passed for about 25 minutes without producing the slightest alteration in appe^ancc. 
If the solution bo then exposed to the air, so that the gas above the liquid diffuses 
away, silver begins to precipitate after a short time, and a considerable amount will 
in this way separate out,. 

The precipitated silver, when examined by the microscope, sometimes exhibits arba- 
roscent forms, sometimes appears as a close network of very fine filaments, so inter- 
twined that the whole of the metal can be lifted out of the solution in a connected 
mass ; sometimes it is soon to be in distinct and separate triangular plates of brilliant 
metal. 

The silver prepared by this moans is remarkably pure ; any gold in tlio solution 
would be precipitated with the first portions of silver^ and the other metals likely to 
be present would not bo separated out by the hydrogen. ^ 

The precipitation may also bo effected by merely keeping an atmosphere of the gw 
above the solution, instead of bubbling it through. If a saturated solution of tho 
silver nitrate bo pot into a tolerably capjicious bottle, and it bo then tilled 
hydrogen, the action will commence rather sooner than if the gas were bubbled througn 
it, and in 18 to ^4 hours a somewhat laiger amount of silver w'ill be precipitated than 
by the other process. , . i • i • 

The precipitation of the silver, however, cannot be continued indonnitely; inci^i 
if the solution be left for some time in contact with the atmosphere of hydrogen, tno 
quantity of metallic silver is found to diminish, and, after a few days, yellow crysta s 
of silver nitrite separate out. This result appears to be due in the first . 

the formation of a trace of nitrous acid by tho action of tho hydrogen on "{-j® 
acid present, this nitrous acid attacking the precipitated silver and combining wiw • 
At tho same time nitrogen dioxide is given off, which, by acting on mOM nitnc w , 
forms more nitrous ocid, thus accelerating the solution of the silver. If miicii nim 
acid bo present, the silver nitrite naturally passes back again to nitrate, and tm j 
again bo acted upon by tho hydrogen. The silver nitrite, on the contra^, is 
on by hydrogen, and will therefore be the end-product formed by this re^tion. 

Wth regard to other metals, platinum^ palladium^ nnd geld are ^mpleteiy^p^i" 
tat^ from solution by hydrogen in the metallic state, and at ordinary 
and pressuTos. A solution of copp^ niiraU^ by long standing in contact witii 
becomes, apparently from the change of colour, converted into .jt 

mirate seems to be acted on, nnd a basic nitrate thrown down, while wWw*. 
seems not to be at all attacked. 

moxldev H^O-. Houzoau {Compt. rend. Ixx. 51®) has, to 
the existence of tliis body in snow fallen at Bouon at various times, ; the 

The simultaneous formation of hydrogen dioxide, ozone, and 
combustion of hydrogen in the air may be shown by bnmijg a ^ 
under a fhnnel having its nock drawn out to a long tube. THiO: gases 
tube smell strongly of ozone, which may bo further identified by mean® 0^ 
dee. The water which condenses is perfectly neutral, axid the pre8ei?ito.J^.^^^Be 
dioxide and ammonium nitrite in it may be demonstrated by too : 
comp o u n d* with potassium iodide. Tlie formation of^theise 
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of livdrogen-compounds in the atmosphere may account for their presence in atmo- 
spheric deposits (H. Stnivo, K Veters. Acad. SttlL xt. 325 ; Jahresb. 1870, 109, 209). 

According to Sclionn {Zeitschr, anal. Chem. ix. 41, 330) the transient 
colorations exhibited bv certain compounds at high tomporaturcs may permanently 
nrutiuced by means of hydrogen dioxide. When solid moli/bdic acid or sdliiim tnolyh- 
ddteis saturated tvith hydrated barium dioxide, tlio mass assumes a £iint yollov colour 
cron during tlio trituration, but on adding an acid, e.g. a few drops of concentrated 
Milphiuric or silicofluoric acid, a deep yellow mass is obtained. Titanic acid precipi- 
UiU‘d by boiling immediately acquires a deep reddish-yellow colour wluui similarly 
treated. Solutions of titanic acid are also instantly coloured deep reddish-yellow by 
II solution of hydrogen dioxide in presence of acids. A solution of molybdic acid or 
sodium molybdate is turned yellow by an acid solution of hydrogen dioxide, without 
(•volution of gas in either case. On brisk agitation, however, tlie molybdic acid solii- 
lion often gives off j^s and becomes decolorised. Blue molylxlic moly])date is first 
oxidised and decolorised by hydrogen dioxide, w’ith evolution of gas, but afterwards 
turns yellow'. A solution of titanic acid, which has been turned violet by reducing 
HgoJits, is coloured deep reddish -yellow by hydrogen dioxide without porceptiblo pre- 
vious decoloration. iSodium peroxide reacts with the substances above mentioned in 
the ssimo manner as barium peroxide. On tins account a deep red solution is often 
(iLtainod in decomposing titauiuni compounds with sodium. Zinc oxide and stannic 
oxidu do not exhibit any coloration. 

Molybdic and titanic acid solutions coloured by liydrogon dioxide become colour- 
less again under the irifiuence of reducing agents such as stannous chloride, zinc-dust, 
and lerroiis oxide. These effects may bo explained by supposing cither tlmt the 
coloured substances Jirc merely modifications of the colourless bodies, or, which is 
perliups more probable, that the colourless acids tako up oxygon from the liydrogon 
dioxide, and this oxygen, being but loosely combined with tlium, is easily given up 
upiin, A concentrated solution of titanic acid may bo used as a test for hydro^n 
dioxide ; it is as delicate as other tests used fur tho purpose, e.g. reagents containing 
iodine, and the colour which it gives can only bo produced by hydrogen dioxide, not 
hy nitrous acid or other oxidising agents (Schonn). 

Hydrogen SulptHdei H^S. Formation. — ^According to Boillot ( Compt. rend. Isx. 
97) biilphiir unites directly with hydrogen under the influence of the eledtoic spark. 

Preparation. — W. Skey {Chem. News, xxvii. 161) proposes to supersede the ordinary 
lal)oratory protiess for tho preparation of liydrogon sulphide by the following. The 
generating flnsk is charged with fragments of galena and granulated zinc in about equal 
jToiJortions, and tho mixture is coi'crod with dilute hydrochloric acid (1 to 20). An 
<'utrg()tic and regular current of sulphuretted hydrogen is then ovolved. The gas f 
accompanied by a little free liydrogon, and requires washing to remove traces of hydra 
chloric acid. 

J'hu apparatus may also bo arranged as a simple galvanic couple, in which a piece 
f)t massive galena occupies tho position of the negative element ; tho connecting wires 
u'L' passed through the cork of tlio apparatus, and are brought into contact with each 
other iQcans of binding screws. The evolution of gas commences on making the 
wainection, and ceases instantly when the current is interrupted. This latter arrange- 
meni, though somewhat more troublesome to prepare, is nevertheless to be preferred, 
nmsninch as it avoids tho necessity of removing tho exciting liquid when the evolution 
™ gfts 1 .S no longer required. 

I^composition of the Aqueous iSb/ttfiofi.— Experiments by L. Raab {N. Bep. Pkarm. 
iO) show that the decomposition of aqueous hydrogen sulphide is retarded by 

J=«pmg it in tho dark and in a corked bottle, and still more by inverting the bottle 
plunging its neck into water. 

BTHBOMauzno AOXll. See Mvllitic Acid, 

^sHOMircomo AOZS. . See Hcoxo Acid. 

^^HOWAHBTMAQVnrom. See NAPHTHAQUiyoxcss. 

See Peptones. 

BYBBoHxpnonr. See PjPERONAL, 

**’‘*o»ntoinnuu(no aoib. s«e Mhluiio Aop. 

iTsaoqvarowa. See QniNONB. 

^YHBOHABTOiriir. See Sanidmih. 
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. jnroHOBOftBIO agio. See Sorbic Acid, 

BTraOTACBIXTra. See Tacbtltte. 

BTBBOBTa^AMZBB, Nn>0 {1st SuppL 722). Hydrochhrides.^On mixing a 
coiicontratod aqueous solution of 1 mol. hydroxy I'lminemonohydrochloride, 17H>0.HC1 
ivith a solution of 1 mol. hydroxylamino in absolute alcohol, the hemihydrochlorlde 
2Nli®O.HCl separates in largo thin crystals or in needles. By dissolving it at a very 
gentle heat in u small quantity of water, and cooling, or evaporating the solution over 
sulphuric acid, it is obtained in apparently rhombic prisms, whilst the %-hndro- 
chloride, 3Nil^0.2llCl, remaiiiH in the mothor-liqiior ; this suit is best obtaiiitd by 
dissolving NH®O.HCl and 2NH='O.IICl in a liltlo water at. a gentle heat. It forms 
largo crystals, showing a groat number of faces, and belonging probably to the rhombic 
systoni, ,On addition of absolute alcohol to tlio mother-liquor of these crystals, the 
hemihydrochlorido crystallises out, a fact which scorns to bo in contradiction to Uie 
observation that tho mother-liquors of the homihydrochlorido give, on addition of 
alcohol, crystals of tlie J-bydrochlorido ; but these solutions contain not only tho 
§-hydrochlorida, but also tlio normal salt, which indeed remains behind when they 
are evaporated over the watcr-biith. 

The hemihydrochlorido and tho J-hydrochlorido ai*e doliquescout in damp air, 
very sparingly soluble in alcohol and insoluble in ether. Tho former salt melts »t 
85°, and the latter at 95° ; at tho same time a slight evolution t>f gas tikes place, 
which becomes violent on applying stronger heat. !^)th salts precipitate ferric chloride 
solution and reduce mercuric chloride, chromic acid, and silver nitrate. The J-hy- 
diochloride produces, in a solution of copper sulphate, a green precipitate which 
disappears on shaking, a dark blue solution &ing formed which soon becomes colour- 
loss, cuprous cliloride separating out. The hemichloride ])roducc8 a similar reaction, 
but tho green precipitate redissolves but slowly or not at all, being also conve^d 
after some time into cuprous chloride. On heating either of tho salts with plntinic 
chloride solution, gases aro evolved, and a colourless solution is obtained, from which, 
after concontration, the compound 4NH*O.PtCl* crystallises in colourless needles in- 
soluble in alcohol, and unuergoing violent decom^sitiou on heating. On addirg 
silver nitrate to its solution, only a part of the chlorine is precipitated. 


Axniao-derlwatfwes of Bjrdroijlftiiilnat Bensyhydrommic 
and dibensyht/droxamic acid NH(C^H*0)*0, already described (p. 164), have been 
further stuclied by Losson (iVaf. Chem. Ges. Ber^ vi. 1302). The ration^ formula of 




dibonzyhydroxamic acid is C’H®0 — 0(C^H*0) and not C’II*0— 


The acid treated with baryta*wator splits up into benzoic acid and bonzbydroxamic ncid. 
Tho potassium salt, however, reacts differently with w'ator, farming a member of a 
now class of compounds tormed carbamidols, thus : — 


3[C»n»0.NK.0(C»H»0)] + 2H*0 = N»C»«'H"0 + 2CO* + 30'H»0*Bu 

Potiusium Phenyl, 

dihciizhydroxamatc. carbmiiiaol. 

A little dibonzliydroxamic acid is set free by the carbon dioxide thus gonoiated, and 
remains unaltered. 

Anisyl Chloride acts on hydroxylamine, forming anis* and diania-hydroxamin 
acids, which greatly resemble the corresponding benzoyl-compounds. By the aaion 
of anisyl chloride on benzhydroxamic acid, benzoyl-anisyl-hydroxylaw*®®’ 
N(C»H»6xC-H'Oa)HO, is formed. A similarly constituted b^y is also foimed when 
benzoykbloride acts on anishydroxamic acid. Now, if dibona- and 
acids are respectively represented by the formulae C'H*0.N(C’H,*0).0H and C*H v • 
(C*H*0*).0H, these two pioducts should be identical; whereas if Ihssa 
zepresentod by the formula C»H»0.NH.0(C»H»0) and C*H»0»TSlH,CXCWW W 
should be isomeric. In point of fact the two bodies are isomer! o and adt 
former splitting up, on treatment with baryta-water, into anisic end 
acids, and its potassium salt, when similarly treated with water, 
carbon dioxide, and phenyl-carbamidol ; whereas the second product yields intP 
water, bonaoie and anishydroxamic acid, and its potassinm salt d<eGniposed..^;-v^ 
forms benzoic add, ctirbon dioxide, and aniscaroamidol, N*C**H*^0*. , 

It hence results that the dibonzliydroxamates are represented by 
C’H*0.NM.0(C*H*0), i.e^ the metal is directly united with tie 
of benzhydroxamic acid and its analogues are undoddeA Of 
C'H*O.NH.OH and H.NH.O(0»H»O), the former seems thQ 
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MAsons, especially on account oif the totally difibrent bohavioiir of the honzhydroxam- 
and dibenzhydroxamates : the bonzhydroxamatos therefore are probably repre- 
by tUo formula C’H‘O.NH.OM. 

snSOZnrcXTSi This mineral, originally found at Blciberg in Carinthia, 
Aiici analysed by Smithson in 1803 (called £»ic^Loom. by Bammelsberg, and sineonhe 
bv Bcudant), occurs as a white earthy coating on the deposits of calamine associated 
\vith galena in the Argentiera Mine situated in the Commune of Auronzo, in the 
fxLrorno northern limit of the Cadore. This ojirthy deposit contains 14 ‘55 p. c. CO'\ 
73-21 ZiiO and 11 ‘83 H*0, answering to the formula: 

Zn0.3C0» + 3aq. or SZiiCO^.ZuU-O® + 2aq. 


and not differing greatly in composition from the hydrozincitos hitherto examined 
(i. 798) * 

lor the understanding of ilie formation and decomposition of minerals, it is im- 
portant to ascertain the intensity of the solvent action exerted upon thorn by water 
tinLurated with carboiuc add. In this respect the carbonates of zinc, native and arti- 
ficial, exhibit considerable diversities, as the following table will show : — 


Quantity at tiiatrriul 
dissolved by 1,000 
parts by weight of 
water satnmtcrl 
with tX)“. 


Temp. 

Hydrozindto of Auronzo . 

0*355 

IS*" 

Basic zinc carbonato procipitatecU 
in tho cold . . . . ( 

0*742 

17® 

Rmithsonito (ZnCO*) fromTariio-| 

0-3G7 

18=» 

witz, in well-dcflncd crystals } 

Smithsunito from Moresnet, per-{ 
fectly crystallised . . 

0*435 

14® 

Rtiilactitic calamine from Bomosj 
iiuvos (Iglesias) . . 

0*850 

16® 


Pressure 

758 mm. 

759 „ 
753 ,, 
757 „ 
749 „ 


Basic zinc carbonato obtained by precipitation, perfectly washed and dried at 100® 
was found to contain 14’18 p.c. CO*’, 64*89 ZiiO, and 20*15 water. The Smithsonites 
of Taruowitz and Moresnet consist of very pure normal zinc carbonate. The calamine 
of Iglesias gave by analysis — 


IPO ana CO* BiO* ZiiO FcO CuO PbO 

12*20 23*07 58*64 3*88 0*45 trace - 08*24. 


Tlic solution of this mineral in carbonic acid water contained — besides zinc carbonate- 
siliofi, ferrous oxide, and a trace of copper oxide. 

The carbonic solution of the hydroziiicite of Auronzo, yielded by spontaneous ovap- 
oratioii a crystalline powder con tuning 12*98 p.c. CO"', 71 '26 ZnO, and 15*16 H-O, 
which may be represented by the formula 4ZuO.3C0^ + 4aq, identical with that pf 
llio hydroziiicite from Blciberg, analysed by Smithson. 


BTOBcnra, C®II*»N (lldhn a. Beicliardt, Ann, Ch, Pharm, cxlvii. 98). An 
albiloi'd formed, together -u'ith hyoscinic acid, C*II*®0\ by boiling hyoscyamine with 
baryta- water : 

C'»n»NO* « C*H»N + C»H’®0*. 


Tho boiling must be continued for several hours, the excess of baryta precipitated by 
carbonic add, and the liquid evaporated to dryness, mixed with a little water and 
hydi^hloric acid, and exhausted with other, which dissolves out tho hyoscinic acid, 
icaving the hyoscino in the acid liquid ; and on freeing this liquid from hydrochloric 
acid by means of silver oxide, evaporating to dryness, dissolving the residue in aoohol, 
rciaoving traces of baryta by carbonic acid, and again evaporating, the hmcine re- 
as an oily strongly alluline liquid, having a narcotic rxlour, and soliaifVing to a 
cmtallino mass on cooling. The hydrooklaiile, C*H**N.HC1, is deliquescent. The 
mtimchtoride crystallises in beautiful rhombic plates; when boiled with strong 
po^h- or soda-ley, it gives off yarours having a strong alkaline odour. 
trjT quantity of hyoscine distils over with the aqueous vapour, together with 
ces of ammonia, when hyoscyamine is boiled with baryta-water. 

AOXSa C*H*®0*. This acid, isomeric with pliloretic acid, remains 
evnporating the ethereal solution obtained in the manner above-described, as a 


to the analyses gtven In Bammelsberg's Iftniratehemiw (p. 9S9), oonfadn Urom 
carhonnfl** P*°- CO*, 71*4 to 7S'a ZnO, and 11*S to 15*1 water. They appear to he mixtures of sfiio 
«>«ate And zinc hydrate In various proportions. 
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strunjrly (icid syrup liaving a powerful odour like that of benaoic acid, and MolidifVint 
over oil of vitriol to long highly lustrous needles. It melts at 104^-105°, and when 
cnutiously heated sublimes undeconiposoil, giving off an odour like that of crude heii- 
Koic aoid. It dissolves very easily in alcohol and ether, also in hot water, but is much 
loss soluble in cold water. The barium aalt, Ba(C®U*0*)* + 2H^O, is neutral, and 
crystallises in nodular tufts of small spicular crystals. A solution of the acid neutral, 
ised with ammonia leaves on evaporation an acid mass very much like hyoscinic acid. 
Lead ncotate forms with hyoscinic acid a white precipitate slowly soluble in acetic acid- 
silver nitrate forms a white ftocculeut precipitate (Hdhn n. Reiclmrdt). ’ 

BT08C7JUmiB« This alkaloid has been further examined Iw 

Hohn a. Reichardt (Ann. Ch, Vharm. cxivii. 08). To prepare it, 20 pounds of Hun- 
garian honbane-soeds were freed from oil by other, then exhausted with alcohol of 
80 p.c. slightly acidulated with sulphuric acid ; the alcohol was distilled off; the 
resinous iuhlssos which separated were collected on a filter ; and the aqueous solution, 
nearly neutralised with soda, was precipitated with tannic acid. The precipitate, dried 
on earthenware plates, was triturated while moist with slaked lime and exhausted with 
alcohol ; the extract was acidulated with sulphuric acid ; the alcohol evaporated, the 
acid liquid agitated with ether, then made alkaline ; and the alkaloid taken up with 
ctlicr. On evaporating the ether, the hyoscyamine remained as an oily liquid which 
solidified on standing over sulphuric acid (yield 2*8 grams). The liquid containing 
tlie tannic acid still retained a portion of the alkaloid (1*5 grams) : it was evapontod, 
supersaturated with alkali, and exhausted with ether. Lastly an additional 0*3 gram 
was obtained from the fat oil by agitation with acid, water, &c. Hohn a. Roicliaidt, 
however, consider it preferable to neutralise the sulphuric acid extract with lime or 
potash, evaporate nearly to dryness, suporsatunite with lime, and extract with alcohol 
or ether. 

H 3 'OBcyamino forms a thick oily liquid, or in the solid state warty ciystalli no groups 
of the colour of white wax ; ii dilates the pupils vory strongly, molts at 90^, dissolves 
easily in alcohol, ether, chloroform, aud bonzone, and very easily in water. The i^ucous 
solution has a strong alkaline reaction ; and in the concentrated state gives precipitates 
with atkalU. "With iodine-vjater it forms a crimson-brown, with tannic acid even iu 
very dilute solutions, a white flocciilont precipitate ; with mercuric chloride a white ; 
with auric chloride a yellowish brown precipitate soluble in excess; with jdaiinic 
clUoride a precipitate which cakes together. 

Hyoscyamine is resolved by boiling with Ixiryta-wator into liyo.scine and hyoscinic 
acid. The gold-precipitate above-mentioned is decomposed on standing with forma- 
tion of liy'^oscinic acid. 

Syrupy hyoscyamine appears to form a hydrate, for benzene leaves a portion of it 
undi8.solved, and the dissolved portion crystallises more quickly when the benzene is 
evaporated. On heating the alkaloid, it first emits the characteristic, extremely nar- 
cotic odour, then a distinct smell of benzoyl- or salicyl-compounds. 

Hyoscyamine Svlphate^ 2C'*H”NO*.IPSO*’ + 411*0, crystallises over si^hnricncid, 
in radiate groups of white shining needles. The hudrocJdoride, C‘*H**NO’.HCl + 2^0, 
cr^’strtlliscs less easily. The platinochloride 2(C'*H*®NO*.HCl).PtCP, forms a resinous 
precipitate soluble in alcohol. 

SmOCV&OBZra (A. Prenzel, Jahrbuchf. Mineraloyie, 1871* 355).^ The name 
bypochlorite has boon applied to certain varieties of green iron-ora occurring 
or earthy at Schneeberg, Johanngeorgenstadt, and Braunsduiff, in Saimny. Toe 
massive hypochlorite of Schneeberg has a crystallo-granular texture, 8iBkin|«rMn or 
yellowisli-groon colour, hardness 6, sp. gr. 2*93-3*0, and even to flat conchoidal fmC“ 
turo. The Briiunsdorff mineral has a siskiu-jpreen colour, hardness 6, P* * 
Both have the aspect of hornstone, and pass into the earthy condition, 
formation may sometimes bo observed in a lump of the massive mineral, eret imm 

of both minerals, when examined by the microscope, exhibit^ in the midst pf a 
opaque substance, which forms the principal part, brightly polariaingpcwrioiisvg,®**^ 
together with brownish needles arrang^ in spherical groups. Weir compos*®®®* 
according to Frenzers analyses, is also analogous : — 

8io» Bbw bi' 4)" ri)* \ 

Schneeberg**. . . . 88*45 6*00 — 4*76 ’ 

Braunsdom . 86*00 7*8 6 0 — : 

These numbers seem to indicate that the hypoehloriteB in qtwsrioo 

* SohUler analysed the Sehneeberg minrrai with very different xesnifei vUif iKl*U 
13*03 ana •■ea P-0- (lU. 287). : . 
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silicftte of bismuth or antimony, vith quartz, ferric oxide, and very small quantities 

of ferric phosphate. 

The eiirthy variety of antimony hypochlorite is similar in constitution to the massive 
riiricty. Aii eartJiy crust scraped from a lump of the latter, and quite free from 
foreign admixtures, gave by analysis 78*0 p.c. silica, 11*4 ferric oxide, f 'S antimonioiis 
oxide, and I'O watefT. The earthy bismutli hypochlorite, on the other hand, diflfers 
considonibly in constitution from the massive. Pure lumps of it, of hardness 1-2, 
rrivu 23‘08 p.c. silica, 33*33 ferric oxide, and 43*2G bismuthroxide, agreeing nearly 
with the formula, Bi*0’'.2Fe'-0*.4Si0® or perhaps Bi-0*.Si0* + 2Fe®0“.3Si0'‘, iirliiclL 
requires 23*44 p.c. silica, 31*20 ferric oxide, and 40*31 bismuth oxide. 

The lump from which this analysis was made exhibited a crystalline structure when 
broken, and cavities in it were found to bo lined with small, indistinct, apparently 
monoclinic crystals rather harder than the siirroimdiiig parts. As this compound 
diners entirely from Schiller's hypochlorite, Frcn/el designates it by a distinct name, 
liismutho-forrite. The hornstone-like mixtures maybe provisionally distinguished 
iis bismuth and antimony hypochlorite. 

BTPOPHOSVBim. See Phosphorus, Oxtobn-Acids of. 

BTVOBUliPBZniB. Sec Sulphur, 0xYG]<3r-AciDS of. 


BTPOXAJrVBZn. Salkowski found liypoxnrithine in the bone-marrow of 
leTikhacmic patients, but did not decide whether it also occurred normally in that sub- 
fitRricc. P. Iloymann (^uger'a Archiv, f. Physiologic^ vi. 194) finds that, on adding 
silver nitr.-ite to the watery extract of the l)oiic>marrow both of man and of the calf, 
iiftor removal of other substances, a precipitate is formed which lins all the characters 
of argento-hypoxanthino, and on sepamtion of the silver leaves a substiinco which, in 
its chemical and microscopical characters, agrees with hypoxanthine. 

?(ciiliarf)ehaviourof Argento-hyjjoxanihine. — 15. Siilkowski (ibid. 91) finds that when 
a solution of hypoxanthine to which gelatin has boon added, is decomposed by silver 
nitrate, no precipitate, but only an opalescence of the liquid ensues. The opalescent 
li(|uid forms no deposit, oven after standing at rest fur days or on the application of 
liciih This property of gelatin is a point to be noticed in testing organic liquids and 
extrnots for hypoxanthine. Neither albumin nor glycogen prevents its precipitation 
by .silver nitrate. Gelatin appears, therefore, to act in some way independent of the 
Tijcrc viscosity of the liquid. 


L 


IBS, According to a recent determination by Bunsen Ami, cxli. 1) the 

specific gravity of ice is 0*9164. 

IBOCBBBB. Dumour (Oompt. rend, Ixxiii. 1040) has analysed idocrase (vesuvian) 
irom Norway, occurring in rounaed, translucent, yellowish grains distribute through 
J calcareous matrix. Sp. gr. - 8*44. Harder than felspar; fusible in the blowpipe 
name; readily acted on by acids. It contained in 100 parts — 


HO" APO» CaO FeO MnO MgO H’O 

36*82 16*70 34*86 6 20 1*40 0*73 2*68 - 98*79 

^Bciag witli the formula 18(CaO ; FeO; MnO).4Al*OM6SiO* (v. 098). 

ACID. According to H. Ludwig (Arch, Pharm, [S], ii. 137) this 
Mill. 242) belongs to the class of Sron-greening tannins. It was prepared by pro- 
aqueous solution of the alcoholic extract of St. Ignatius' beans with 
cent • of lead, decomposing the precipitate with hydrogen sulphide, and con- 
t-he filtrate. It foiynod a yellowish-brown amorphous mass, the solution of 
^ strong acid reaction and a sour astringent taste, and could not be made 
lo^stallise. 

salt"^ not affiict ferrous salts, but caused a dark-green coloration in ferric 

with « reduced ammoniacal silver-solution, and gave a yellow precipitate 

phons • of load. When neutralised with lime-water, it formra an amor- 
lime-salt, which was coloured deep brown by caustic soda, and 
80 ^^ riiloride a grean coloration, changing to violet-brown on addition of 



m IGASUBINE-^INDIGO. 

lOMnnun. This name has been given to an alkaloid, said to mist in 
vomica, and to be obtained from the mother-liquors from which strychnine andbruck 
have sopamted ; but its senate identity has never been satisfactorily established fit'*’ 
243). To throw farther light on the question, Jorgensen {J, pr. Chem, [2], iii. 
endeavoured to prepare a periodide from a preparation said to bo ignsurine.* It va 
dissolved in dilute h^^drochloric acid, and fractionally precipitated by a solution of 
iodine in potassium iodide. The two precipitates Uiua obtain^ worn washed witli 
cold water and crystallised from alcohol. In both cases violot-blue crystals were ol). 
twined, which had the optical poperties and crystalline form of brucine tri-iodirlc* 
They gave by analysis 49*1 and 49*05 p.c. iodine, the formula of brucine tri-iodidu 
requiring 49*1 p.c. These results tend to show tliat the so-calleti 
igasuriuo is nothing but brucine. 

nUBMCjUiriTB. Native molybdic molybdate, }!do0^4Mo03 from Bleiberg in 
Carinthia (see Moltddatks). ' 


ZVBICAir. Jai!i& finds that, after tlie subcutaneous injection of indol, very con- 
siderable quantities of indican coustantljr appear in tlie urine. The elimination of the 
latter body begins a few hours after ii^ection, and generally ceases within 24 hours. 
Kuhiie has shown that indol is one of the products of the p.ancrentic digestion, so that 
Jafi&'s previous conjoctui'o that the indican of urine is, partially at least, derived from 
this source, appears to be verified. The indol of the intestinal canal is, for tlie most 
part, ejected with the fseces, imparting thereto its |)oculiar odonr ; a small portion is 
absorb^ and reappears in the fonn of a conjugated compound, indican, in the urine. 


XBSZCKI. Artificial Formation . — ^From experiments by Emmerling a. Engler (Ikid. 
Chtm. Gc 8. Ber. iii. 593), it appears that iiidigo-blue mnv bo obtaimS artificially from 
acetophenone or methyl-|)honyl ketone C*H^GO.CH’. This ketone treated wiUi nilrie 
acid yields two nitro-derivativos, C''H'(N0^)0, one solid the other liquid. The solid 
modification is produced by adding acetophenone to cooled red fuming nitric acid, and 
sopiratcs, on mixing tlie acid liquid witli water, as an oil which solidifies to a crystal- 
line mass on cooling. 

Thu liquid modification, from which indigo is obtained, is produced by the action of 
nitric acid aided by heat. 70-80 grams of rod fuming nitric acid arc heated to 46^- 
50^, and 6-7 grams of acetophenone are then quickly added ; and the liquid, whith 
becomes hot, is poured into water ns soon as red vapours issue from tlie fiask, whereupon 
tlio nitro-compound is obtained as a reddish-yellow syrupy mass. At lower tcmpeni- 
tiircs, the solid modification is formed at the same time, and at higher temporatur^, or 
when the action is too much prolonged, more highly nitrated derivatives ore obtained. 

To convert the liquid nitro-acctophonone into iudigo-blue, it is cautiously heated, 
in quantities of 5 to 10 grams, till it begins to decompose ; the cooled viscid mass is 
dissolved in chloroform ; 40 to 50 times its weight of a reducing agent consisting of 
1 pt. soda-limo to 9 pts. zinc-dust is added ; and the dried mass is quickly heated in 
small narrow test-tubes. A dark-coloured sublimate is then formed, which may be 
driven from one ^rbof the tube to the other^ and gives off violet vapours like those of 
iodine. Emmerling a. Engler did not, however, obtain it in quantity snfflment for 
analysis, although they repeated the r^uebion 300 times. They observed, howewr, 
that when the sublimate was treated with lime and ferrous sulphate and the cl^r 
liquid was exposed to the air, a purple film formed on its surface. From these rwnlti 
the^ conclude that indigo-blue is the azo-compound of a peculiar ketone, and 
white the corresponding hydrazo-compound. They give the following fonautoiw 
these and certain allied compounds ; 


N— CTI^— CO-CH 
Indlgo-blne 

NH- CO-CH 
JtH— C‘HV CO-C*H 

Indiffo^hlte 

N— CW— CO-COH 


I 


C*H^-CO-COH 

IsAtln 


NH— C*H*— eOH=OOH 

IlH— (?H«— COB^ioH 
Dloxlndol 

HH-C»HWCH=OOH 
NH— OH*— 0H=^B 

Oxindol 

NH— C*H«--0Hr-0H 


SH— C-H*-CH 
Indol 


FormdUon qf tadi^hlwjrcm /saftn.— Finely piilvni^ I 

glass tube to 76^-80^ for several hours with 50 times ito ireight Of 
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pjists of pliosphorus tiiehloridd and acetyl chloride, with a little free phosphorus. The 
Sark groen liquid is then poured ipto water, and the solution, after filtration, is leftfoi* 
2-1 hours in an open dish. The light green liquid gradually turns blue and deposits 
tt dark blue granular powder. This powder is separ.itod by filtration from the clear 
yiillow niother-liquor, and washed with alcohol to romovo a rod colouring matter 
soluble therein. 

Tho blue powder thus obtained is insoluble in cold alcohol, dissolves with bluT 
colour in hot alcohol, and in strong sulphuric acid with yellow-grocn colour, changing 
to blue on heating ; on addition of water a pure blue solution is obtained. Tho powder 
volatilises in purple vapours which condonse to large noodles having a blackish, 
motiillic lustre ; it makes a deep blue streak or pure streak on paper, and, in short, it 
is indigo-bluo. ^ The qxumtity obtained by tho process above described is about 10-20 
p.e. of tho isatin employed. Very small deviations in the mode of operating produce, 
hoM'cvor, considerable differences in the yield, and sometimes scarcely anything is 
obtaiuod but a rod colouring matter called indigo-purpuri n. This substance sub- 
limes more readily than indigo-blue, and condenses to a woolly mass of slender roddish 
needles; it dissolves in sulphuric acid and the solution diluted with water forms a 
pure rod liquid. It is insoluble in wrater, slightly soluble in alcohol with deep red 
colour, dyes silk like fwhsino (Baoyer a. Emmerling, liett/. Ck&ni. Chs: Ber. iii. ti88). 

Pure indi^-blue or indigo tin, may bo obtained in tho c^stalline stiite by boiling 
commercial iudira with anUiiu, whereupon it dissolves, yicliung a deep blue solution 
u'bicb, it filtered hot and sot aside for somo hours, deposits almost tho whole of the 
iudigotin in the crystallino state. When required very pure the iudigotin should bo 
asuin cr)>>tallisod from aniline and tho crystals washod with alcohol and dried. As 
tiuis obtmuud it has a flno coppery lustre, equal to that of sublimed indigo. Bengent^ 
chloroforuiy boiling crea&oU^ and phenol^ dissolve indigo in small quantity and deposit 
it, on cooling, ilia flocculent state; aicohol and ethers at their respect! vo boiling pruuts. 
nlsodissolvo small quantities of indigo (A. do Agumr and A. Bayer, Ann. €h. harm. 
clvii. 36fl). Wartha (Dent. Chem. Gca. Ber. iv. 334) finds that indigo may also bo 
crysbilliscd from Venice turpentine^ which, when heated nearly to boiling, dissolves 
indigo with a fine blue colour, and deposits it on cooling in blue tables ; from boiling 
paniffin, "which dissolves it with tho fine red colour of indigo-vapour, it separates in 
prisms like tiiose of sublimed indigo. In petroleum indigo dissolves witli a carmiuo- 
rca colour ; in moltod epenmcetic with a violets and in stearic acid with a bine colour. 
According to Jambson (Dittgl, pc^yt. J. ccii, 307) indigo likowiso dissolves in nitre- 
btnscne^ castor oil, acetonefChloral hydrate, campho 7 \ oil of turpentine, balsam of copaiba, 
mar oil, amylic alcohol, oil of lavender, white bees-wax, Japatsese vegetable wax, and 
^armma wax, the last depositing it in small flaky crystals. A solution of indigo in 
unite wax, heated for some time to its boiling pointy passes througli several shades of 
foiour, and finally becomes brown, owing to the reduction of the indigo. When 
powduroil indigo is added to molting picric acid, deflagration takes place. 

Mbmtionof Indigo. — F. Springmuhl(CAem. (%nf. 1870, 708) compares tho different 
ouiwis adopted for the valuation of indigo: 1. The quantity of iudigotin' may be 
successive extraction with potash-loy, acetic acid, and alcohol, 
bln the indigo-brown, iiidigo-glutin, and indigo-red, leaving pure indigo- 

indigo-bluo may be soparatM from foreign substances by solution in 
inii«i **^**’** sulphuric acid. The sample is to be dissolved in 20 times its wreight of 
™ solution diluted with 2,000 parts of water and filtered, and the 

sulphuric acid, however, likewise dissolves small quantities of 
indigo-^, so tliat this very simple method gives tho amount of 
diBu??'- high. According to Meyer (infra) the sulpliuric acid used for 

indigo should have a specific gravity of not less than 1‘80, 
the sftm V**" • effected by comparing the depth of colour of a solution of 

altif 1 • ^ ^ normal solution of indigo. Aa, however, the normal solu- 


'ho fi®colons 0 it is determined. Tho sample to bo valued is then treated in 
vith aJh nnd the results compared. Springmuhl also recommends titration 

colour n? chromate (iii. 256). According to Meyer, on the other hand, the 

cannot I fc^^lting isatin-sulphurio acid is so strong tliat the end of tho reaction 
to s®oni and the results may in consequenoe bo wrong to the amount 

^ I^wenthal (Zeitschr, anaL Chem, xi. 46) the method of testing indigo 
S ondation of the sulphurio acid solution, are not so trustworthy as the 
♦Stj* j of ash present in the sample; this lieffnds to vary ftom 

'a a good sample to 29 p.c. ^ ^ 
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/The qualify of indigo is somctimos judged of by its specific gmTity. O, l,eneh« 
\J^pr. Chem. [2], iv. 349), from the examination of a large nnmbBr of samples flS* 
that good indigo, containing 50 to 56’6 p.c. indigotin, has a comparatively low snec^* 
gravity (1*34), whilst tliat of the poorer sorts increases as the proportion of colouring 
matter beconios smaller, that of a specimen of 27 p.c. being 1*675. ® 

It. E, Meyer (DinffL polyt. J. cxcvii. 172) has examined an example of Cochin Chinn 
indigo and compared its amount of indigotin with that in several kinds of indiim in 
general use. The following are the results *. — ‘ 

Cochin China Indigo I mean . . . . 61*86 p.e. Indigotin. 

Bengal Indigo : (1.) Ordinary, heavy, dark-blue . 65*00 „ 

M ,t (2.) Gras, (reddish, dark blue). . 63*50 „ 

;; ;; gj|rin6vioiet-w«o. light . . |«*|s » 

Guatemala Indigo : (1.) Brownish-blue, ordinary . 55*25 „ 

n >1 (2.) Light blue, ordinary . . 57'75 „ 

From this it appears that the Cochin Chinn indigo possesses but a voiy small 
flouring ijower. Its colour is, however, a very fine blue, and it leaves, when dissolved 
in sulphuric acid, only small quantities of foreign organic matters. The detenniuatioQ 
of the ash shows that this kind of indigo is richer in inorganic matters than other 
kinds. Bengal indigo (1.) left 6-63 p.c. ash ; Guatemala indigo (1.) loft 11*34 p.e., 
Guatemala (2.) left 2*73 p.c.; whereas Cochin China indigo left 22*36 p.c. ash.con^st- 
ing chiefly of calcium phosphato with small quantities of calcium carbonate, ferric 
oxide, alumina, magnesia and soda. By exhausting Cochin China indigo with hydro- 
chloric acid, an excellent product is obtained yielding 74*7 p-c. indigotin, and only 
8*74 p.c. ash. 

OfBIUM* Symbol^ In. — Atomic Weight 113*4 (see Sv^. p. 1137). 

Occurrence . — Indium has been detected liy the spectroscope in rinc-blendes from 
West Ossipee and Eaton, New ilampshire (U.S.) (H. B. Cornwall, C^em. NewSf 
xxviii. 28). 

Preparation. — F. Stolba ^Dingh polyt. J. excviii. 223) prepares indium from indi- 
ferouB zinc-blende by roasting, as follows : The blende, r^uced to a moderately lino 
powder, is intimately mixed with 10 p.c. of burnt gypsum; the mixttcce is quickly 
stirred up with a quantity of water sufficient to make it into a thick paste ; thispasto 
is moulded on a paper surface into cakes } to inch thick, and 4 or 6 im^os in dia- 
meter; and these cakes, before they havo completely hardened, ate- jnerced through 
their entire thickness with holes 2 lines in diameter at distances m 1 to l|inch. 
The dried cakes are roasted for 4 to 6 hours at a red heat with free access of air, pul- 
verised when cold, treated with hydrochloric or sulphuric acid, and from the rrsulting 
solution, kept at the boiling heat in a copper vessel, the indium is precipitated by sine. 
From *tho metallic pulp thus obtained indium is separated by Bottger's method 
(Isi 730). 

For tho complete and rapid purification of indium from othet .Petals* K. J. Bayer 
(Ann. Ch. Pharm- clviii. 372) employs a method based on the faet that soluble indium 
compounds are completely pr^ipitated by boiling wjth acid so4iii>fn sulphite, whereas 
the metals accompanying indium are precipitated by that roajg^t only partially, and 
not at all if the solution contains much ammonia-salt. The ttode of procedure ia as 
follows : — 

Freiberg zinc is dissolved in crude hydrochloric acid, with exception of ft 
quantity; tho solution is allowed to digest in the cold with this nndissolved zinc for 
24 to^ 36 hours, whereby all tho indium present is predpiteled oh the zinc ; the clwr 
solution of zinc chloride is then poured off, and the metfiilm deposit removed from tn® 
unattacked zinc. , The metallic mud is treated with a feW: drops dilute fuiphanc 

luad, to dissolve any basic chloride of zinc, and then washed with Iwt 
has 00 longer an acid reaction. The mixture of metals is then treated with ttiW 
sulphuric acid is added in excess; and the liquid evaporated until all the uitn® ftmu * 
^ven off. By these opoiations tin is separated as stannic oude, and lead *J*®*?V*^ 
Water is then added, in which the sulphates of indium, ftinc, copp^ 
and lead in small quantity, dissolve. The precipitate is removA .by ..y 

well washed, and ambaonia in great excess is added to the filtrateii whmrahy thh 
zinc, and cadmium ore dissolved, while all the indium and item yemaip 
panied by a little zinc, cadmium, load, and copper. .The wail-wnalied 
dissolved in the smallest possible quantity of hvdiochloirio ad<t 
sulphite in excess, and boiled till the smell of sulphurouft 
The whole of the indium now separates as a white, fine, 
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ftom copper, eific, cadmium, and iron. The precipitate ia filtered oflf at once, and 
vashed with hot, do-aerated water. If much iron is present, tho precipitate must be 
Altered in an atmosphere of carbon dioxide ; or better, tho iron is completely removed 
by ropeated precipitation with sodium bisulphite. 

The precipitate may still contain load or sodium sulphite ; it may bo obtained pure 
by dissolving in aqueous sulphurous acid, filtering ftom any lead sulphite, and boSing 
tho filtrate. 

The crystalline indium compound, dried in vacuo over sulphuric acid, has tho com- 
position 2ln*0*.3S0* + 8H*0. ^ The^ insolubility in water of tliis sulphite renders it 
suitable for the quantitative estimation of indium. From the sulphite, tho various 
indium salts can be prepared, as it dissolves easily in dilute acids, with evolution of 
sulphurous oxide. 

From a solution of ^e chloride, tho indium can be completely precipitated by boil- 
ing with potassium nitrite. The precipitate contains neitli er nitrous acid nor potassi um ; 
it consists of tho hydrated oxide In^0^3H*0. 

A similar mode of preparing indium from Freiberg zinc is described by Bossier a. 
Wolff polyU J. cxciii. 487 ; Jahreth, 186D, 277). 

Jndinm-ainvhonium alum, In"'(NH*)(SO«)* 12BPO, or In*0*.(NH^)*0.4S0* 
+ 24H*0, is obtained by evaporating over the water-bath solutions of indiiuii and 
ammoiiiiim sulphates, mixed in the proportion of their molocubir weights. The con- 
centrated solutions, on standing in the cold, deposit the salt in transparent octolicdral 
crvsUls. 

Indium-ammonium alum crystallises easily in huge octohodrons, always exhibiting 
the cube-faces. It appears to molt at 36®, but really breaks up into a solution of tho 
alum and a salt containing less W'atcr (see below). The liquefied mass, when examined 
with the microscope, is seen to contain mpnoclinic prisms of the latter salt, whilst 
octohedrsil crystals of the alum are again formed as it cools. This breaking up 
pliico even on triturating crystals of tho alum with a pestle, tho result being, not a dry 
powder but a moist pasty mass. Tho alum is very soluble in water, I part of water 
dissolving 2 par^ of alum at 16®, and about 4 parts at 30®. It is insoluble in alcohol. 
Iho strongly acid tiqueous solution deposits on boiling a white powder, corresponding 
Hi composition with alum-stone, and having similar properties. 

Tilt) formation of tho ammonio-indic sulphate with a smaller proportion of water, 
tiikos place, as it evidently must do, when a solution of the alum is made to crystallise 
found to have the composition represented by the formula 
In (NH<)(KO*)* + 4H*0. Corresponding salts were obtained with potassium and 
BfxJiiim sulphates, but it was not found possible to obtain the potassio- and sodio-indic 
sulphates crystallised with 12 mol. water. 

The constitution of the ammonium salt affords additional evidence of the triatomicity 
of indium (Bossier, J. pr, Chem, [2], vii, 14). 


nraoXi. For tlio constitutional formulae of this compound, see p, 666. 

XVOBITU. Jacobsen (Ann, Ch. Pharm, clvii. 227) has found 0*08 p.c. of this 
•oibsUnce in the flesh of a young porpoise, and 0 30 in horse-flesh. According to 
inosite exists abundantly in the juice of tho grape, lie finds, 
«>, that it ferments in contact with putrid cheese, yielding paralactic acid. 

^ substance resembling indigo, produced, together with 
wetz) action of potassium cyanide on dinitronaphthol (Hlasi- 

it Sommaruga (Ckim. Oentr. 1871, 617) tho best mode of obtaining 

arih^Ti dinitronaphthol with about 2 litres of water 

Into tl ■ ^ r "nd sufficient ammonia is added to ensure complete solution. 

In ‘f solution of 45 grams potassium cyanide is dropped. 

Ijoilinw ». f ® Ml ” completed. Tho whole is now washed ou the filter with 

^husobi ■ *1 J'll.t^o filtrate ceases to become coloured. A violet-coloured mass is 
fr«o having a beautiibl green metallic lustre, and consisting of a mixture of 

Filina w f i of that body. Washed for a long time with 

pownd - hHhv becomes coloured, from tho solution of a trace of the com- 

^0 w/slii potassium carbonate prevents this solution, and precipitates from 


dilttta ^rown impurity. Tho mass on the filter is now heateit with very 

yutochloric acid, filtered, and washed till the filtrate is free from hydrochloric 

a. violet colour, and has a beautiful green metallic lustre. . 
Ately ndIhi 1 vrater. alcohol, ether, benzene, and carbon sulphide, but moder- 
® sulphuric acid and warm acetic acid, slightly in melted naph- 
^oe solutionsaxe purple-red ; from these indo^ne cannot be obtained in the 
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d?3^11ine state ; it may howeyer be aublimed like indigo. Kibic add appesfr tb 
oxidise it, forming a brown-red body, soluble in alkaline solutions. Ind<^h£ie is not 
rediidble by limo and ferrous sulphate, as indigo is. 

WiUi aqueous potash or soda indophane yields potassium- and sodium-deriTatiTea 
which may bo obtained pure, by filtering and washing till all free alkali is remored* 
both those compounds greatly resemble indigo. On warming indophane with al- 
coholic potash-solution, a dark green body is formed at first, and by farther action a 
humns-Uke substance is precipitated. Fnsed potassium hydrate gives the sn-tu ft 
ducts with indophane as with naphthyl-purpuric acid. ^ 

nrvuir, SchUtzenberger (Ann, Ch, Phf/s, [4], xxi. 234) has mado 

experiments on tho products obtained by the action of acetic anhydride at the boiling 
heat on dahlia-inulin and elecampane mulin, the results of which agree exactly wi£ 
these of Fcrrouilliit a. Savigny (l.s^ Suppl. 737) with regard to tho compositi^ and 
tho optical rotatory powers of the pr^ucts. He finds also that dahlia-inulin 
heated to 160° in a scaled tulie with 2-3 parts of acetic anhydride is partly dehy^ated, 
and forms two acetyl derivatives ; one is soluble in water, and has the rotatory power 
[a] s + d6°t the other is insoluble in water, and has tho value [a] s h- 35'o ; both, 
liowoyer, give numbers .ngroeing with a totra-acetyl derivative, ijaponifled with soda,’ 
the soluble body gives a resinous mass C**II**0*, or inulin mass 2H®0. 

Elecampanc-iuulin treated in the same manner gave only a black humous mass, to- 
gether with a trace of doxtrorotatory syrup. 


(0. Popp, Ann. Ch, Pharm, clvi. 100). This is a soluble modification 
of inulin contained in the bulbs of tho Jerusalem artichoko (Helianthus tubaasua) and 
of tho dahlia, gathered before they are ripe, or rather at tho time when tho deposition of 
inulin in the cells first commences. The expressed juice, after treatment with lead 
acetate, gives on standing a precipitate resembling starch, and haring the compositiou 
and must of the properties of inulin, bub a lower specific gravity, and a higher degree 
of soliibiLity. Dried over sulphuric acid it has the composition C**H*®0**.2H*0. It 
gives off its water at 10d° ; melts at 130°-135°, passing into an easily soluble state, 
and decomposes above this point. Its specific rotatory power is [a] m —80*6® ; hence 
for anhydrous inuldid, dried at 110° it would be —34’6®, which is very 

nearly the same in magnitude ns that of ordinary inulin. After inversion by adds, the 
specific rotatory power is —70°. 100 pta. water nt 18°-20° dissolve 1*895 ptinuldul, 
end 0*985 pt. inulin. Inuloi'd dissolves in an ammoniacal solution of cemper sulphate, 
and on boiling is precipitated ns a bluish-green substance, C*H*®0®.duO, which by 
protracted boiling is rcsolvod into inuloid and copper oxide. It does nob reduce alkaline 
cupric tartrate. After boiling for some time in water, it passes into a soluble gummy 
mass ; by very long heating with water, or more easily with dilute adds at 110®-120°, 
it is converted into Iscvulose ; with cold concentrated sulphuric acid it forms a ooiyi^ate 
add, which is decomposed on dilution ; it precipitates tho metal from hot ammonUcal 
copper or silver solutions ; is not coloured oy aqueous solutions of iodine or bromine ; 
is not predpitated by aqueous solutions of lead acetate or barium hydrate » but on 
adding to baryta water on tho one hand, and to an aqueous solution of inidoid on tho 
other, a quantity of alcohol not suffldent to cause precipitation, and mixing the Uvo 
alcoholic liquids, a compound of inuloid with baryta is thrown down, wkidir (dw 
moderate washing with water and drying in a vacuum over sulphuric acid, has tno 
composition C®H^®0®.BaO. . . ui, 

Inuloid appears to exist in the plant-juice in the form of a soluble combi uat^nwitn 
synanthrose. By troatment with lead acetate, a compound of lead and synanthteso » 
fomed, and tlie inuloid is liberated ; or this latter may be set firee by ^usinff W 
juice to ferment at 10°-12°, by which means the synanthrose is decomposed, 

ZOBnra* Sources, — Iodine occurs in considerable abundance Jj 

mifuctal springs of Java. Tho Genock Watoe spring contains in 100 
of sodium iodide (E. Koichardt, Arch, Pharm, [8], ii.- 180). 
phate from the bods in tho Departments of Lot and Tain-et-Garoutte contains 
. iodine to give off violet vapours when treated with snlphurio add (KnWiWb* 
rend, Ixxv. 1678). The s^ium nitrate of Toranoca in Pem also contain* ajwn*' 
able quantity of iodine, the mother-liquors of tne salt yielding fiom 2'8 
in a litre (II. Wagner, Dingl, pol, J, cev, 76). 

Iodine in Sea-Water, — According to Sonstadt JVSnte, lOdy 

iodine exists in sca-water in the form of calcium iodate. That it iii.n«^ 
form of an iodido, is shown by tho fact that pure sea-water, 
from land, gives no iodine coloration when acidified and dialtMuwidi ““ 
bub if It very small quantity of solution of sulphurous add or 
added to reduce the iodic acid^ and the liquid be Mbeequentl^ li^^ ^ > -v 
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ulphnric acid and agitated vith carbon anlphide, a recognisable iodine coloration is 
^ir^ned even when only. 100 c.c. of water are taken. A more exact method of de- 
tection is the following : — 

200 c. c. of the water are first mixed with a few drops of a slightly alkaline solntioii 
of flodiuin sulphite ; 2 or 3 c. c. of a saturated selntion of silrer acetate are then added ; 
•ind lastly about one-fourth of the volume of the liquid of strong hydrochloric acid free 
from chlorine. The liquid is left at rest for a short time, then filtered, and the pre- 
cipitate washed with dilute hydrochloric add and distilled water. The filter and pro- 
cipitato are moistened with a strong solution of caustic soda, and heated in a covered 
cmciblo to low redness for a few minutes. After cooling, water is added, the solution 
filtered, and the filtrate, strongly acidified with dilute sulphuric add, is shaken up with 
carbon sulphide and sufficient very dilute chlorine-water to develop the iodine reaction. 
The presence of iodine is then immediately indicated by the coloration of the carbon 

Biilpnido. , 

Near the shore, however, whore sea-water is exposed to the decomposing action of 
putrifying organic matters, and, in some places, of sewage, the calcium iodate may be 
reduced to iodide, or it may even contain free iodine. One or two samples taken near 
the shore were found to give no colour with carbon sulphide when fresh, but after 
keeping for a few days, 3ie water was found to contain free iodine, and toTotain 
Boirccly a trace of the original iodate. 

For the quantitative estimation of iodine in sea- water, Sonstadt proceeds as follows: 
500 c.c. of the water are treated with a small quantity of arsenious anhydride dissolved 
in hydrochloric acid ; a few milligrams of cupric sulphate are added; the whole is 
ovnpoiatcd to drynoss ; tho residue, after gentle heating, is dissolved in the smallest 
pos»ible quantity of water ; and the insoluble cuprous iodide is collected on a filter 
and washed. The quantity of iodine in it is then detennined by igniting tho filter 
with sodium hydrate, and subsequently titrating the acidulated solution of sodimii 
iodide witli very dilute chlorine-water and carbon sulphide. Analyses made in this 
wiiy showed that 250,000 parts of sea-water contain 1 part of calcium iodato, whence 
it is calciibitod ihat a cubic mile of sea-water contains 17,000 tons of calcium iodato or 
11,072 tons of iodine. 


Prejjaration from Hesiduea.^'F. Beilstein {Zeitschr, /. Chem. 1870, 628) ro- 
covci's iodiiio from residues containing also bromine or chlorine, by means of tho well- 
known reaction of nitrous acid with a solution of potassium iodide acidulated with 
sulphuric acid. The residues are evaporated and ignited; the solution obtained by 
lixiriation is mixed with dilute sulphuric acid, and the iodine precioitated by' passing 
nitrous acid (prepared from 1 pt of crude starch with 6 pts. of cruao nitric acid) into 
the liquid separated by filtration, washed with cold water, and dried over sulphuric 
arid. From the filtrate, after warming, to expel tho iodine still remaining in solution, 
tho bromine may be separated by moans of manganese peroxide. As the nitrogen 
dioxide formed from the nitrons acid in the precipitation of tho iodine is recon- 
verted into nitrous acid on coming in contact with the air, it might be used over ag’ain 
in operating on the largo scale. The nitrous acid obtained in the preparation of arsenic 
ncid from arsenious acid (for the manufacture of fiichsine) might also be advan- 
bigfonsly used in tho process abovo described. 

linpuritiea in Commercial Iodine . — The chlorine maybe estimated b;jr quickly 
transferring tho iodine, weighed in a stoppered tube, to a large beaker containing 40 c.c. 
of a freslil^ prepared concontmted aqueous solution of sulphurous wid, and as soon as 
the iodine is dissolved (the solution being filtered if necessary) addii^ half a litre of 
jioiling water, then ammonia in excess, and silver nitrate. Tne p^'pitate is treated 
in tho usual manner. To the filtrate from this precipitate nitric acid is added, and the 
Mirer chlurido estimatorl. 

'I'he ash is also to bo estimated by igniting 6 grams of the sample. 

. water may be approximately estimated by bringing 1 gram of the sample 
into a narrow glow tube graduated into tenths of a cubic centimeter, and adding 20 g.c. 
jjrbon sulphide, which ffissolves the iodine ; the solution now occupies 200 divisions of 
ino tube. The tube being well corked is set aside for 2-8 hours, when the water separates 
floating on tho suriaco of tho carbon sulphide. Suppose this layer occupies i 
Jiv’oight will bo O’l gram, and the sample "will contain 10 per cent, water. (Wanklyii, 
[ 2 ], . 
iodine sometimes contains iodine cyanide distributed through its 
t This impurity cannot be removed by sublimation, as- too much 

2.® sublimes with it : but by treating the impure iodine with iron and water, h 
tiidt containing both iomda and cyanide of iron ; and when ttas solu- 

w treated with potassium carbonate, the whole of the cyanogen is precipitated, 
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and the potassium iodide obtained is free from cyanide (Witteteini ZHnal. ^ 
810 ). wi-*. 

Optical Properties. — Iodine in thin layers,' as obtained by spreadinff andpressinff 
it in the fiised state between plates of glass, appears brown-red by transnutted Ught* a 
very thin layer transmits only the extreme r^ of the spectrum. Melted iodine app^n 
to have the same colour. Some of its solutions, €.g. in water, alcohol, and aestic^d 
exhibit exactly the colour of solid iodine, whilst other solutions, e.g, in ciwboii sul- 
phide, stannic chloride, phosphorous chloride, &c., exhibit the colour of iodine-vanonp 
(Schulz-Sellack, Pogg. Ann. cxl. 334). 

The absortion-spectrum of iodino-vaTOur has been examined by B. Thal4n (Pogg. 
Ann. exxxix. 603). The absorption affects only the half of the spectrum lying^i 
tween the red and green ; and oven when it has readied its maximum and this half 
has completely disappeared, the violet portion remains quite unaltered : hence the 
violet colour of iodine- vapour.^ At a lower depce of absoipticn the bands form 
several series mixed together, in each of which they are not equidistant, but separate 
more widely^ from one another as the length of the wave increases. ISkcii band nay 
be resolved into a number of very fine lines, arranged in more or less regular groupe, 

Saaottonti Beteotlon, and Batlsnatloa. Iodine dissolveB in concentrated sul- 
phuric, nitric, liydiochloric, phosphoric, acetic, tartaric, and citric acids. Some of it 
crystallises from its solution in sulphuric or^ nitric acid on standing. The sulphuric 
and nitric solutions do not givo the blue reaction with starch, even when the starch is 
in excess and unchanged, and water is added, unless the acid is present in very 
small quantity only. The hydrochloric solution gives the colour with starch unless 
large quantities of concentrated acid are present. All the solutions yield the iodine to 
carbon sulphide. From concentrated aqueous or alcoholic solutions of iodine iu 
potassium iodide, concentrated sulphuric or nitric acid precipitates a portion of the 
iodine. 

In presence of tannin, iodine cannot he recognised by the ordinary tests, bub it is im- 
mediately separated by the addition of a few drops of a neutral solution of Jerric 
chloride at a temperature of 37 '5^, and may then bo recognised by the starch reaction 
{Tosmer, ZcUschr. Anal. Chem. la. Z\Z). 

To tost potassinm bromide for iodine, 0*1 gram of tlie sample ma^ be dissolved in 
10-12 G. c. of a 10 p.c. solution of ammonia, and a drop of silvor nitrate ^ded. A 
turbidity, which does not disappear on agitation, indicates tho presence of iodine (H. 
Hager, Chem. Centr. 1872, 617). ^ ^ 

In presence of copper salts, iodine is separated from its compounds by hydrochloric 
or hydrobromic acid, iodised starch-paste mixed with a small quantity of cujiric sul- 
phate turning blue, either immediately or after a short time, on addition of either of 
tliose acids. The same effect is produced by addition of hydroc 3 ranic acid or potassium 
cyanide (Schonn, Zeitschr. anal. Cheni. ix. 212). 


of detecting iodine in the state of potassium iodide, by subjecting the liquid under 
examination to the action of an electric currimt, after addition of starch-pa^ and 
slight acidulation with sulpliuric or hydrochloric acid. This method was appliod 
the detection of Iodine in urine by Campani, who found it to bo inferior in detocy “ 
the method of testing by bromine-water with addition of Btardi or of carbon su - 
phido (t6td. i. 472). , * * Af 

Fellqggio, in the paper above referred to, describes^ experiments o® ™ ^ 4 • the 
ipdino, both in noAnal urine to which potassium iodide had been adde^nd in 
nrino of patients to whom potassium iodide had been administered, from wni 
draws tho following conclusions: — ^ ^ vs i ii’/iasiid 

1 . That for the (letoction of iodine in urine, the method with carbon piiulTOM 
bromine-water is not so delicate as that wiUi bromine-water and starch. 

the former method is not to bo depended upon, bmuse it is next to 
the exact quantity of bromine-water required to develope the red 
ngain destroying it; and lastly, it is incapable of detecting v^ minute 
iodine in urine. ' . 

2, That the method with bromine-water and starch, thoogih m«e 

with carbon sulphide, is inferior to that which consists in the iBse 0* 
liydrochtoric add, and tho electric current. * 

Five cubic centimeters of urine containing 0*0& gram of, jotasihW 
lieen diluted with something more than a ^vo-fold quantity off 
being divided into tiro equal i^rtions, one jtortion treated 

of bromine-wator (ltd not give any blue ciitoration, wherms ^ 
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with BtBich-pasto and hydrochloric add and electrolysed, exhibited a number of Blender 
filaments of iodide of atarch. 

3 . That these reactions are less delicate in iodised urine than in. the pure solution 
of potassium iodide, because the urea contained in the urine interferes with thorn. 
Hence the colour disappears on agitation, but reappears on further addition of bromine- 
vator. 

The superior delicacy exhibited, according to Fclloggio, by the electrolytic method, 
i.s attributed by him to the circumstance that the current likewise acts on the urea in 
Mich a manner as to prevent its action on the iodide of starch. 

A still more delicate tost for iodine in presence of urea is, however, afforded by 
nirromuriatic acid and starch-paste, the nitromuriatic acid decomposing the urea, with 
formation of nitrous products, and at the same time furnishing Uiu chlorino required 
to decompose the potassium iodide. With this reagent a distinct blue colour is pro- 
duced witli three drops of iodised urine containing 0*00016 grm. of potassium iodide, 
and dissolved in 12 c.g. of water (Polloggio). 

The relative delicacy of these tests has also been examined by Giannetli, who has 
arrived at results opposite to tliose of Felloggio. Opemting on 5 c. c. of urine contain- 
ing O'Od gram of potassium iodide, and diluted with various quantities of water, ho 
obtains the results given in the following table : — 



Ratio of urine to 
water 

Urinous liquid 
used in 

each experiment 

PotaEsinm iodide 
contained 
in each sample 

Reactions 

Experiments 

1 

With starch- 1 
paste and 
broiiilne- 
watcr 

With cnrtmn 
blsiilphido 
ami 

bromine- 

water 

1. Normal urine . oO c.c. 

Fulsissium iodide, 0*05 grm. 


5 C.C. 

gram 

*005 

Very deep 

Very deep 

2. Urine of the first/ 
eipcriment , . 

Distilled water . . 25c.c. 

1 :5 

5 C.C. 

'0008333 

Deep 

I)cop 

3. Urine of tlio second) - 
experiment * . j ® ® 
Distilled water . . o c.e. 

1 ; 11 

6 c,c. 

■00041666 

Very plain 

Deep 

4. Urine of the third) ^ 

1 eiperimont. .)«««• 

1 Distilled water , . 5 c.c. 

1 5. Urine of tho fourth J - 
experiment . . ) ® 
j Distilled water . . o c.c. 

1 ;23 

0 c.c. 

*00020833 

Plain 

Very plain 

1 :47 

6 C.C. 

•00010416 

Weak colour 

Flail! 

6. Urine of the fifth) - 
i wpcrimeiit . . / ® 

j Distilled water . , 5 c.c. 

1 :05 

6 C.C. j 

*00005208 

Notliing 

/Vcrypercop- 
1 tible rose 
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I'Toni these experiments it appears that the reaction with bromine-water, with a^i • 
ition cither of starch-paste or of carbon bisulphide, is more delicate than the elcctro- 
inasmuch as it gives distinct colorations with the iodised urine, diluted 
to V volumes of water, whereas, accordinc 

leiioggio’s statement, the limit of the electrolytic reaction appears to bo reachea 
en urmo containing the same pi^oportion of potassium iodide is diluted with some- 
_ iJwin five times its bulk of water. Horeover, the reaction with bromine 
Th* f 1 ? of carbon appears to be the most delicate rf all. 

Tlio the conditions most favourable to success in these experiments - 

•ni'iit’ 1 (6 C.C.) containing the potassium iodide in the proportion abovc^ 

tiQjj » ^pqnires eight drops of saturated bromine-water to produce the red colora- 
P*i8te* ^ ®®^^bon bisulpliide, and six drops to produce tlio blue colour with storch- 
larger quantity deepens the colour, a largo excess destroys it. _ By 
•hen I? . and more, a point is at length readied (Experiments fi and 6) 

*^® bromine-water is toamucb, and destroys the reaction ; but 
® bromine with four or five times its volume 'of water, and adding thi 
2»i(i *'^® soon shows iteelf. Strong ogitation interferes with 

X 
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the reactioDB, eepecuillj vhen the proportion of potaeelnm iodide is. small ; but by 
gentle Agitation fine colorations are obtained ; tliis indeed is nn essential condition foe 
ubbiining a delicate reaction with bromine and bisulphide of carbon. 

When the experiment is made with undiluted urine, a consideiablo quantity of 
bromine-water is required to obtain the reaction, either with starch-paste or witli 
carbon bisulphklo. This fact was obsci^ed by Pelloggio, who attributed it to thn 
presence of urea (see above). Giannetti also finds that urea destroys the colour of 
iodide of starch, but that urine destroys the colour of this compound more quickly 
tlian it would be destroyed by the corresponding quantity of pure uroa in aqueoiw 
Hulutiou. Stale urine gradually loses the power of decolorising the iodide of staich. 
The colour produced by bromine witli sulphide of carbon is also destroyed by pure 
uroa and by fresh urine, but not quite so quickly as that of iodide of storch. 

Lastly, Giannetti has compnred Folloggio’s reaction with nitromuriatic and starcli. 
paste with that obtained by tlio use of bromine-water and carbon bisulphide, and still 
finlds tJiat the latter is the most delicate test hitherto proposed for the detection of 
iodides in urine. 

Oh ihe Oeicction of Joditie in 8ea~waier (see p. 670). 

Estimaimi qf Iodine in presence of Chlorine and Potassium iodide is 

converted by potassium permanganate into froo potash and potassium iodato, witli 
separation of manganese dioxide : 

KI K^Mn^O* = KIO» + K^O + 2MnO% 



As bromide and chloride of potassium are not attacked by the permanganato, this re- 
action may servo for the ostimntion of iodine. The solution,^ which must bo slightly 
nlknline and must contain the chlorine, bromine, and iodine in the state of chloridu, 
bromide, and iodide of nn alkali-metal, is heated to Ixiiling, and a solution of 2vi 
grams of tho permanganate in 497*6 grams of distilled water is added, tho liquid being 
brought to the boiling point after each addition. When the liquid, after rop/eated 
boiling, remains distinctly reddish, tho excess of permanganate is estimated by titration 

wiUi! 

ganate f 
(W, B • 

by E 

CAm. Sbc. cA [2], X. 1116). . 

According to G. M. Donald, on the other hand {Zeitschr, anaVCh^, ix. 377)» potas- 
sium permanganate cannot be advanttigeously used for the separation of iodine from 
bromine and chlorine. He finds that this reagent acts on moderately concentrate 
- solutions of chlorides, bromides and iodides in such a manner as to form a ^lerate, 
^jpepmate, or iodatn, with separation of a small qiumtity of the froo halogen. He maiio 
'^80 of two solutions of tho haloid salts, one containing 1 part of salt in 80 
lirater, tho other 1 part of salt in 240 water; also a concentrated solntwn (1 : l®! 

. pemanganato, and a very dilute one. In solution of sodium chloride, the 
permanganate solution princes a brown coloration, and after long J 

cipitute. Dilute solutions remain unaltered even after a day or two. In soluta 
potassium iodide, concentrated or dilute, tho strong permanganate soluUon 
brownish precipitate, the odour of iodine being at the same time evolved, ine ■ » 

solution of potassium bromide likewise gives wilji the strong 
n brown precipitate. A solution of potassium bromide mixed with nitnc 
diately deposits bromine on addition of permanganate. Dilute solutions of pow^ 

. hvomide are not altered by the permanganate, the liquid merely becopai^ 

- init^awd. It would appear Ami 

>.1 -li.ui.nI* ■nintlOw VI 


"'ifcee bromine on addition of a 
poriments that the reactions of the. permanganate with moderately strong ^ 

tlm ttoe classes of haloid salta are so Yoty mudi alike^ that this reagent can 
tis^^siv a ni^s of separating iodine from chlorine xx bromine. ... -mI bm- 
H. Hiibner {Zeitschr. anal. Chem. xi. 397) separates Iodine from emonno ^ 
mine by means of a soluble thaUious saU^ the separation depending _op W - 


thaliions iodide^ TII, is perfectly insolnblo in cold water, whereas the 
ehloil^ltnd bromide are soluble. To a cold neutral solution of an .aiW^ ^ 
and d^mbide or bromide, thallious nitrate solution is added drop 
burottep^^.with. constant agibition of tho liquid, until tlie 

f^m Wlow £b white. The precipitate is collected, after 8 to 12 

filter thorpu^ly waiSbed with water, dried at 100®, and weighed as 
To the filtrate silver nitrate is, added, and the ensuing prBeipi|tate 
or bromide is collected and weighed as usual; . In a ^ 




lODINSr. 


af alkatiiifl iodide And bromide Arab a saturated, then gradually a dilute solution of 
lead nitrate, until the precipitate just begins to change colour from yellow to white. 

standing for 12 to 18 hours, the precipitate, whi^ is almost pure lead iodide, is 
^llected on a weighed filter, washed thoroughly, dried at 110^,; and weighed. Tho 
bromide is in the filtrate chiefly as alkaline oromide. 'Especial care must be taken 
not to add more lead nitrate than is suffleient to precipitate all the iodide, sinco if 
lead bromide is also thrown down, it will be necessary to add a considerable quantity 
of vator to dissolve this bromide, and then the lead iodide will also bo partly dis- 
solved. Altogether, this process is not so exact as the preceding. 

Iodine and chlorine cannot be separated by the use of loud nitrate. 

Estimation of Iodine, Bromine, and Chlorine bp Cariud Method (i. 47). — Iodide of 
silver is partially soluble in nitric acid and silver nitrate. Tho best results are ob- 
tained by taking 0*5 to 0*8 gram of iodide, 14 equivalent of silver nitrate, 2 c.e, water, 
and 2 c.c. nitric acid of sp. gr. 1*29. The silver nitrate is dissolved in the water in 
ilio tube, and tho nitric acid added, whereby much of the nitrate is precipitated in fine 
crystals; tho heating is continued for three hours at 180°-200°; and the contents of 
tho tube, after dilution with 200 c.c. of lukewarm water, are boiled for ton minutes. 
Even sritU these precautions tho percentage of iodine is frequently found to be 0’6 to 
1-0 p.c. too small; withbromino and chlorine, tho errors are much less (E. Linnomunii, 
ZtUsekr. anal. Cftem. xi. 325). 

C. B. A. Wright also finds that a smaller percentage of iodine is obtained if tho 
silver io<iide be precipitated in a solution containing much silver nitrate and nitric 
acid, a higher percentage being obtainable by greatly diluting such a liquid (C/ujm. 
Sov. J. [2], xi. 627). 

Estimation of Insoluble Iodides . — Tho following method is based on tho fact that 
mercuric iodide, lead iodide, silver iodide, and cuprous iodide, dissolve easily oven at 
ordinary temperatures in aqueous sodium thiosulphate (the silver salt less easily than 
the rest). It is best to take a very small quantity of water, and as little as possible 
of the sodium salt. On adding ammonium sulphido to tho solution, tho four metals 
nro completely procipitited, while the wholo of tho iodine remains in solution. The 
liquid is oraporatecl with addition of ammonia, to expel the sulphur as ammonium 
Kiilphidc, caustic soda is then added and the solid rosidne is licuteil in a platinum dish 
to decompose tlio salts of polythionic acids. On treating tho ignited mass with water, 
a solution is obtained which quickly reduces ferric chloride, and on mixing it with a 
large excess of the latter, the Avhole of the iodino is after a short timi set free. Tho 
iodine can tlion bo distilled over into a solution of potassium iodide, and estimated in 
tile usual way (E. Meusel, Ikut. Cheni. Ges. Ber, iii. 125). 

On the Estimation of Iodine in Sea~watcr, seo p. 671. ' ' i 

, lodldef or Bjdiiodlfl Aoid> The specific gravities of aqueous sol^:: 




hydrogen sulphide on iodino in presence of water ; in tho weak amd thus obtained 
iMine was dissolved ; and the solution was digested with phosphorus till its rolour 
«is»»ppeared, and finally several times distilled. 

The hydrobromic acid was prepared by the action of hydrogen bromide on excess 
01 bromine, and purified by rectification over jiotasslum bromide. Tho percentages of 
acid Were determined by titration with a nonnal alkaline solution. The following 
gives the values directly obtained : — 


Hydrlodlc Add 


Byilrobromio Add 



Bp. gr. at IS** 

llBr osipt.^. 

61*0 


49 8 

47*2 

1-475 

48*5 

39*2 

1*385 

40*8 j ^ 

30*3 

1*248 

30*0^" > 

18*5 

1*190 . 

23*5 

5*9 

1*080 

■ ^0^4 


tr V I ■ 

tables have been constructed by graphic interpolation, showing tlio 
* Th " ^ differences 5 of percentage ftom 0 to 50; nnd from tliese 

"P-p, 5 left’s?** I^Jwlg (t. 678), that a saturated oquMms solution of hydrebmailo add has a 
^7‘hochiori?J!Syji?^?? error hsivkig tnoMlyozlsea lircsenoei 


in the odd sAptoj^ 
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tablM it iqqjiwnrtbat Doth in hydtiodieniid in hTdiolnoinic add the tnereasein epedlle 
gATity if not pN^rtional to tho io^Mse in strongth, whicli » tlio case yrith. hydro, 
chloric acid, 'as ap^rs flroin Ure'f table (i. 893). Tho tables also show that for » 
given' specific gtavity, the porcentage^jOif ^ in the aqueous t^d is less than tliat of 
HBr, and this again less thaif that of HGlj thus : 



Feroentage 
ofHgi v 

Freportioimto 

Froportional 

Sp. gr. 

peroontageof . 

. HBr 

peroentage of 
HI 

1-050 

1 

0-64 

0-54 

1-100 

1 

0-63 

0-54 

1-160 

1 

0-62 

0-53 

1-200 

1 

0-60 

0-52 


The specific gravity of hydrobromic acid of given strength is always greater than 
the moan between those of the corresponding aqueous hydriodic and hydrochloric acids. 
No simple numerical relation can bo traced between tho atomic weights of these threi; 
acids and tho percentages of anhydrous acid contained respectively in the aqueous acids 
of equal specific gravity. 

The specific gravity of aqueous hydriodic acid of different strengths has also been 
determined by Topsoe {l^tschr, fur Cheni. [2], vi. 635). The hydriodic acid was 
prsfparod by treating 1 part of phosphorus with 19 pjirts of iodine and 20 parts of 
water. Tho specific grtivities are those obtained by direct observation at the given 
tempoiaturea, referred to water nt the same temperature as unity. The fourth cohimn 
of the following table, headed * Equivalent,' gives tho weights of tho several aqueous 
acids containing 1 mol. of HI ~ 1 28. 


Specific Gravity of Aqueous Hydriodic Acid. 


Temperature 

Specific Gravity 

Fcrcontage 

o 

12 

1-708 

67-74 

13-7 

1-706 

67-64 

12 a 


67-42 

13 

1-696 

67-28 

13-7 

1-674 

66-15 

14 

1-630 

53-93 

12*5 

1-603 

62-43 

13 

1-6727 

60-75 

13-5 

1-642 

49'13 

13 

1-528 

48-22 

13 

1-4866 

45*71. 

13 

1-461 

43-39 

13 

1-413 

40-46 

13 

1-382 

38-68 

13 

1*847 

36-07 

13 

1-309 

33-07 

13-6 

1-274 

30-20 

13*6 

1*2586 

28-41 

13-8 

1-226 

25-86 

.V 13-8 

1*191 


h 18-5 

1*164 

19-97 

13-6 

1-128 

16-73 


1-102 

18-09 

. ^ ■ ■ 

1-096 

1-2-21 

18*5 

1-077 

10-16 

18*6 

1-0524 

7*011) 

18-6 

1*017 

2-286 


Equivalent 


221- 7 

222 - 1 
222*0 
223-5 
228*0 
237*3 
2442 
252-2 
260-5 
265-5 
280-0 
295*5 
313-6 
380-9 
354-8 
887*1 
423*9 
450-6 
404*9 
566-6 
641-0 
813-1 
977*6 

1048*8 
■ 1261*0 
1828-7 
6645'6 


Hydrib^ acid, after distillation ill a stream of carbon dioxide, 

Inib the stKonte solutions quickly decompoM and become coloured.^ JO® 
iAueottS acid £at can boohtained l^distilmtion boils at 
^Wt'whi<^ is equivalan^.to HH) (TopsoO). Roflcoo fbund tt 

'(iii. 286 ).-. ■ =• ^ 

' XMatallie When ah iodide 

with other, iodide is sit^lfeoe with li blue <H)loratioOf, ai ^ 
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dilute. Sy filtration and fiirther addition of'.ather and ataxicbf the iodine can finally 
y ^.'„'„pletoly removed. The reaction, which amlies equally well to natnral iodiiM* 

V iters ‘bnb does not tiifoct chlorides and bromiaeis^ is probably due to the formatidn, 
uud subsequent decomposition, of ethyl iodide (JS. f'erri^re, Comjtt, rend, Izxiv. 1106). 

periodidea. Votasaium Tri-iodide, solutton of iodine in aqueous potas- 

hiiiiu iodide appears not to contain any ddfibito Mziodide, inasmuch as when shaken 
witli carbon sulphide it gives up its oxcesSvbf loqme and becomes colourless (Baudri- 
irnmt. Compt. rend. li. 827). Piffarf, indeed (Zeitsekr. Chcni, Vliarm, 1861, 161), 
fsiipposcd it to contain a dofinito periodidea 'becauso ho found tlmt it gave, with solution 
of li'iiil acetate, a d/irk-eolourcd procipitat^ which did not give up any excess of iodinu 
to solvents ; lie regarded this precipitate as PbP, but did not analyse it. Dosios a. 
Weilli. on the other hand {Zdtschr. f, Cheni, 1860, 370), find that this precipitate 
^rjuliiiilly gives up its excess of iodino to solvents, and therefore regard it merely as 
Kiivl icxlide, Phi'-, mixed with free iodine. 

A solution of iodino in alcoholic potassium iodido appears, on the other hand, to 
coiibiiii tho tri-iodido. Such a solution containing potassium mono-iodido and iodino 
in prf)portion to form tho tri-iodido, may be agitat^od with carbon sulphide without 
colouring tho latter, whereas a saturated solution of iodine in carbon sulphide is very 
cnsily jin(l cuniplotcly decolorised by agitation with alcoholic solution' of potassium 
iiKlitfo. All nqiioous solution of iodino in potassium iodide is decolorised by agitation 
with niumiry, with formation of potassio-mercuric iodido Kl.IIgl^, and separation of 
lUfrciii’oiis iodido ; but an alcoholic solution of potassium tri-iodide shaken with mer- 
cury hccomos docolorisad without yielding a trace of mercurous iodide, tho only com- 
pound fornuid being the double iodide above mentioned, KP + Hg = KI.HgP 
(Jorgensen, ,7. pr. CJmm. [2], ii. 347). 

Veriodidea of Copper and Mercury . — Cuprous iodide, Cu*P, is insoluble in 
Wiitei' ,'iik 1 ill alcohol ; nevertheless, considerable quantities of it are dissolved when 
an alcoholic solution of iodine is digcsteil with it for some hours or duys at ordinary 
toiiipcraUircs, or at a temperature not above 30°. Tho soliitiou contains nearly 18 
iitonis of iodine to 1 mol. Cu^P. At higlier teniporatiircs a smaller quantity is dissolved, 
and prolonged heating to 100° the solution contains no copper and the cuprous 
iodido becomes crystalline. From tho copper solution mixed witli alcohol, water 
Hparatc’s nothing, but alcoholic solution of potassium iodide throws down all the 
dipi’ous iodide, with formation of potassium tri-iodide. On pouring this liquid, turbid, 
friiiii suspended cuprous iodido, into a laigo quantity of water, the whole dissolves, the 
potassium tri-iodide being decomposed, and tho higher iodide of copper reproduced. 

CitpHdetrammonium Tetriodide, CuI*.I*.4NII*, — ^Wheii the hroWu solution of cuprous 
iodide in alcoholic iodine is heated to 30°, and an alcoholic solution of ammonia heated . 
to the same tenipernturo is added in moderate quantity, there is formed, in the (^rso 
of n few hours, a brown-black ciystallioo precipitate, wliich must be quickly wiuhed 
vitli cold ulcohol and dried over calcium chloride. The crystals form rhombic tables 
of 7+°-76° and 106°, which appear olive-green in polarised light when the plane of 
|)o]<-iri.satiQii is parallel to tho longer diagonal : dark brown and almost opaque when 
it is pcTpeiidiciilnr thereto. On exposure to tho air, they become dull on the surface 
iiiid give off a small quantity of iodino. 

Cii-protetrammonium Hexiodide, CuI*.IA4NH*. — On mixing n solution of cupro- 
totrsunmoniiim nitrate boated to 60° with a solution of iodine and potassium iodide at 
tho same temperature, and filtering immediately, the filtrate in a few hours de]^ts a 
quantity of beautiful brown crystals which, however, must not be dried, but quickly 
vashed with cold water. Under water, iii a closed vessel, they may ^ kept for some 
tune. It is not known Avhctlier they contain water, tho anal^is having been limited 
to tile determination of the proportion between tlie copper, iodino, and ammonia. The 
Uystiila are roctanguliir plates, often having two opposite angles, or all four, tnyicated. 
file rhombus thereby formed has the. angles 76° 80' and 103° 30*. Thffi^ UbSorb 
iwjlapi.si«d light, but rather feebly, and only when they are of a eextaiu thickness. 

bey m e dark brown by transmitted l^t, or oraque, ^ordingly as the^fongsv axis 
w ilio plate is parallel or perpendicular to the plane of polarisation., 

f^lWoUtrammonio-mercurio Iodides, — a. .CuP,2HgI*.4NH* is easily obtained by, 
mixing vann solutions of KI.2Hgl* and sulphkte of cuprotetrammoikium. ’ A® the 
ttn?*^^**** green shining crystals separate, which must bo quick^ washed 
1 ' dried over calcium chloride in the dark. 0, C.uI®.HgI*.4lfiBC*.' WheU.thb 
w cuprotetrammonium tetriodide arodron^ed with alcohol aUdmezimiy;" 

^ ^ fhom, they change in a few hours intqa blue ciystaiHne moss whichf when 

Ian,- ‘ hot alcoholic ammonia and washed theireUith# blue shining: 

‘«niiuar prisms. The same compound is obtaiued. by a wm solu^^ of ; 
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cuprtjtotrai^monium ciulpliiito vith 2jKi>Hgl*, luldiiig also ati e^oes of potagaium 
ioiid&, ^ otherwise the green salt a ia very apt to form. 

MereHiii^ Hexiodide^ HgP, is formed wlien to nn alcoholic solution of potassium tri- 
iodide warmed to dO^ there is added first an excess of solution of mercuric chloride, 
then cold water, and the liquid is loft iit rest for a quarter of an hour. Tlio biwii 
cr 3 'StaUiiie precipitate which then forms must be washed as quickly as possible vitli 
cold water, till the wash-water, after decoloration with sulphurous acid, becomes only 
a littlo darker on addition of ammonium sulphide. Even in that case tlie precipitnte 
rubiins small quantities of mercuric iodide; indoedi according to Jorgensen, it does not 
Bppoar possible to obtain the hexiodide quite pure. The crystals ar$ rhombic tables of 
and 1 1 2®-l 1 3®, generally having the acute angles truncated ; twins are of frequent 
bccurrouce. The crystals absorb polarisod light and appear light hayannah-browii by 
transmitted light, or perfectly opaque, accordingly as the plane of polarisation in 
parallel or perpendicular to the snorter diagonal of the rhombus. The compound is 
decomposed by alcohol, by aqueous potassium iodide, and by prolonged washing with 
cold water^ and gradually loses iodine on exposure to tlio air (Jorgensen). 

Periodides of Organic Jiacea . — These compounds are formed, by procipitatinjs: 
tho hydi'ochloridcs of the several bases in neutral or acid solution with a solution tk 
iodine in potassium iodide. Eor the description of the individual compounds, seo tlio 
sei'eral alkaloids in this volume and in the First Supplemetit. 

Of the cinchona bases, the only one which forms a simple tri-iodido is cinchonine, 
iho compound being formed when a neutral alcoholic solution of cinchonine hydrioUido 
js mixed with tho calculated quantity of iodine-solution. The other cinchona-basuH 
give black tarry precipitates. Quinine and cinchonine, however, yield periodidos con- 
taining chlorine as well ns iodine. When very dilute solutions of the nydrochlaridis 
of these bases are mixed with about 3 mol. liydrochloric acid and 3 mol. potassiiiiu 
iodide, and left at rest for some time, the compounds, 

4C«H«N*0*.2HC1.3HI.r 

.and 

2C™H* WO.HC1.3HLI*, 

are deposited in brown prisms and laminse. Herapathito may be formed in a similar 

Tho mothylic and ethylic derivatives of quinine, quinidiue, cinchonine and cmdioni- 
• dino form crystalline periodides, which have already been noticed (p. 312). 

TriethglphoapJionium irUodide, P (C* H*) U •, and Triethglartonium iri-iodidtf 
Ab'(C*H*)*I*, are isomorphous and scarcely distinguishublo from_ one another externally- 
The periodide of tho corresponding untiraony-biiso may be obtained in crystalline fornji 
but is converted by cold water or alcohol into a tarry mass. The / 

obtained by agitating tho tri-iodides N((PHW P(C»H•)‘I^ and A8(CW)\P 
metallic merenry aro isomorphous. The bismuth double salts obtained by iniung tno 
Warm alcoholic solutions of the same periodides with solutions of bismuth hydrato_m 
strong hydriodic, hydrobromic, or liydrochloric acid, all crystallise in regular mx- 
sided taUcs (see p. 192). ^ , 

. THHthgUidpUm iodide forms only a tarry periodide, but Crystalline bumutn 
double salts of it uro easily prepared, e.g, 3S(C*H*)_*Br.3HBr. , 

. f For detiilod descriptions of all these organic periodides^ see Jorgensen v 
>[2], ii. 433; iii. 146, 328). * 

Xofitne HCoBoebloriaa* ICl. — ^This compound lias been carefully exaiuaM 

by Hannay {Ckem, Soe, J. [2], xi. 816), who finds that it possessecthe 
.whether it be prepared by passing chlorine over iodine, ai^ distilling the 
' iodine to free it from tri-chloride, or by heating iodine with potCssifim 
distillihg the product off that salt. When recently > prepared it reiwna „ 
“ ■ It melts at 247®. boils at ® ; 


l^veifilAdays, but subsequently solidifies, 
has a f^jfie gravity of 3*263 at 0^, 2*968 at 98®, and < . 
Cements 0^ between 0® and 100®. Its vapour-den 

Acoc^^ to Ghmez 


„ (Compt, rend, Ixuv. 660) iodine 

giycs <^s6lntich vapour that a thickness of 30 c. m. is sufiloient to produce 
tiofi-apectrUns. This spectrum consists of 20 fine lines between tite extreme ^ 
point a little beyond the line D, nearly equidistant, and of swisinl^sq^ ^ -- - 

No others are observable throughout the hpeetrum. This s^ri^Ci 
thci^ of ilie iodine-ips^rum more than those of the chlown^ sp^gy n^ 
liWever, from the iodineHypectnim in the absence of lines in 
tbat the lines of %s spectrum of iodine ^orido begin ^ 

than do those of the 
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Iodine monochlondo nets on ilia oxygen-acids of chlorino «nd their 
rilte. wjth evolution of chlorine and formation of oxygen-acids of iodine, espociiilly 
iodic' acid and its salts. With hypochlorous acid the reaction is brisk oven at ordi- 
imry tcmpcraturos ; vitli chloric acid it is slow in the cold, eiiorgetic at higher tem- 
pemturos. When chlorine is passed into cooled water containing iodine in suspension 
Lill the iodine is completely dissolved, a calculated quantity of solid jnotossiim cJdorate 
(I mol. to 1 at. of iodino dissolved) added to this solution, and tno liquid heated, 
diloriuc is evolved and potassium iodnte is formed, according to the equation, 

KeiO» + ICl » Cl* + KIO*. 

Triclilorido of iodino acta in the same manner. Tho expulsion of chlorine by the 
clilorides of iodine trikes place much more easily than with iodino alone. On tho other 
liiirid, hydrogen iodide and metnllic iodides in solution are immodintely decomposed by 
iodiuo chloride, with liberation of iodino and formation of a chlorido (L. Henry, Vent, 
Chem. Ges, Bit. iii. 892). 

Iodino inonochloride «‘icts on many metals, as potassium, sodium, magnesium, alumi- 
niiini, cupper, mercur 3 ^ tin, antimony, and bismuth, with various degrees of oner^, 
forming a cJilorido and iodide of the motal. With arsenic it forms arsenious chlorido 
jiud gives off iodine. Ordinary phosphorus treated with iodino chlorido hursts into 
flame, hue amorphous pluisphorus only hisses and emits fumes mixed with iodine- 
vapour. Witli galena iodino chlorido forms chlorido of sulphur aud iodide of 
Ic-ad. With sntlpkiir it reacts feebly, foiming iodide and clilorido of sulphur. 
fiilenlnm and idlurium^ especially tho latter, act strongly on it, forming chlorides. 
Jimnine mixes wdth iodino chlorido in all proportions, witliout apparent action. 
Iodine chlorido dissolves in carbon tetrachloride without action, forming a red solution. 
Whoa iodino chlorido is added to carbon bisulphide till saturated, small quantities of 
white fumes, which smell like sulphur chloride, are evolved, and on treating tho pro- 
duct willi w.'itcr, sulphur is prccipitatod, and a heavy oily body sinks to the bottom, 
consisting of a mixture of carbon bisulphide, tetrachloride, and sulphochlorido. This 
nctiun of iodino chloride on carbon bisulphide is still moi'o docidud on distilling tho 
mixture, when tho distillate fumes distinctly, and omits a distinct smell of the sulplio- 
cliloridc while iodine remains in tho retort. 

On (iistiliiug the chlorido of iodino from potassmm iodide several times, it is entirely 
convertod into iodine, while potassium chloride is formed : KI + ICl KCl + I*. 
Tlie disiti nation rtquiros to bo repeated several times before the conversion is com- 
Iodine chlorido acts violontly on tho skin, causing a sharp burning pain, and 
forming sores difficult to heal (Han nay, loc. cit.) 

Zodlo and Pertodlo AoldJia The following determinations of the specific gravities 
and molecular volumos of these acids hare boon made by J. Thomson [VeuU Chm^ 
bVs, Z?er. vii. 71);— 


Table l,’~‘8pcoiJio Gravity and Volume of Solution of Iodic Acid at 17® C, 


Niiiubcr of moloculcs 
of water 

Specific 

gnivltj 

Molecular 

weight 

Molecular 

volume 

Increase In 
volume of 
the water 

I0*H+ l0H*O . 

1*6609 

356 

214*34 

34*34 

» + 20 „ , 

1'3600» 

536 

392*37 

32*37 

M + 40 „ , . 

1*1945 

896 

760*09 

30*09 

’• + 80 » . 

]'1604 

1616 

1468*5 

28*6 

» +100 „ 

1*0512 

3056 

2907*2 

27*2 

! ’» +020 ,, . 

1*0258 

5036 

5786*8 

26'8 


i shows the increase in tho volume of water when a moleeule of 

Folln dissolved in it. As the numbers decrease with the increase of water, it 
ttiUcT * contraction takes place when solutions of iodio acid are dilated with 


Jie composition of the iodic acid solution by the formuta I0*H+<iH*0, 

ninio of the solution is expressed by the formula-— 

* 

r. = 18 . « + 30'1 . iL_. 181; 

a + 18 . 

(P- U98), Thomsen thlnln thnni tnnsfe his *imik Vlhfim«w»*a tniK- 
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and if the formula holds good for aU values of «, then iodio acid^XO»H in 
sUfce will have the volume 39’1. Dividing the molecular weight 176 by this 
w find mecxflo gravity of hydrate of iodic acid in tho liquid suL to 
found if to be 4*869 for the crystallised salt at 0® (Ann^ Chim, PAys. 

The contraction is expressed by . 13'1 : it therefore inoreoMs wiUi the quan- 

tity of water present, and when a a oo, that is, on unlimited dilution, it becomes 18 i 
OP very nearly Jrd of the volume of the iodic acid, IO*H. 




Table II.— Gravity and Volume of Solution of 'Period^ Acid at 17® c. 


Number of molecules} 

Bpecifle 

Molecular 


Increase in 

of water 

gra\'ity 

weight 

volume 

volume of 
tho water 

IO«H*+ 20H*O . 

1*4008 

588 

419*77 

59*77 

,, + 40 „ . 

1*2165 

948 

779*30 

59*30 

„ + 80 „ . 

! 1*1121 

1068 

1499*9 

69*29 

„ + 160 „ 

1*0670 

3108 

2940*9 

60*2 

f, + 320 ^ 

1*0288 

5988 

6820*0 

60*0 


The l^t column shows that the volume of water increases by a constant number for 
tion ® dissolved acid, and, therefore, tliat no contraction takes place on solu^ 

Tlio volume of the solution containing IO*H‘* + flH*0 is therefore— 




Va « 1S« 


+ 59-6. 


The specific gravity being equal to the quotient of tho molecular weight by the 
volume, we have accordingly : 


forIO*H + fllPO 


Volume =18a + 39’X — ® 

a 18 


13-1. 


Specific gravity 


18a + 176 


18a + 39*1 - 


a -f 18 


13*1. 


forlO-H* + aH*0^ 


18a + u9'6. 

18a + 22*8 


rVolume 

’[specific graWty ^ - 

These formuls give tho specific gravities of tlie solutions of the two acids at 17^ 
correct to four decimal places. 

BaaicUy and Constitution of Jodie Acid.-^The close resemblance exhibited by 
‘ chlorine, bromine, and iodine, both in the free state and in their combinations inth 
hydrogen, tho metals, and many organic bodies, might lead us to expect a 
correspondence in their behaviour to oxygon. In reality, however, iodine difltos 
greatly in this respect from chlorine and limine. 


oonstitutioh wn scarcely be the same. ^ 

(1) . Chloric and bromic acids are monobasic, as is shown by the easy 

Iheir salts, the non-existence of acid salts, and the impoMiwUty of produemg 
anhydride direedy from the hydrate. Iodic acid, on the contaery* forms _salts^ 
grmter number of which dissolve with difflcnlty. It gives with the wel^4 
acid salts, and the anhydride can bo eamly obtained by heat firom tha hyd»th 
Ihese properties it resembles the polybasic adds. ; ^ i 

(2) . Iodic add forms rhombic crystals, and is, infiuitp isoilMjprphW wiw wS: W 
snednie and itaconio acids, the constants of the three being-^ 


Itaconio add 


Suedhie add 


0*581 : 1 
0*590 : 1 
0*680 : 1 
0-674 ; I 
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There is only one case of isomorphism between the iodates'on the one hand, and the 
chlorates and bromates on the other, vis., in the case of the barium salt ; but the mole- 
cules of these salts must, on account of the presence of burium, contain 2 atoms of the ^ 
haloid element, and will therefore have the same composition, B*0*Ba^ whether igjj^ic 
ncid bo represented by the ordinary or by the doubled fonnula. 

(3). The relations of affinity, so far as they oro exhibited in the heat produced in 
the formation of the acids of chlorine, bromine, and iodine, show that the last-named 
element differs from the two former in tlie constitution of its 0]^geD>acid. 

The following table shows that in the formation of the liyou^en-acids, the heat 
decreases as the atomic numbers increase, but in the case of the oxygen-acids, , while . 
tlie same rule holds good for chlorine and bromine, iodine shows a remarkable de- ^ 
parturo from it, the heat evolved in its formation being nearly double of that evolved 
in the formation of chloric acid : 

E (Il.H.Aq) (ll,0-ir,Aq) 

Cl . . 39,320 heat-units. 23,040 heat-units. 

Sr ... . 28,380 „ 12,420 „ 

I . . . . 13,170 „ &d,710 „ 

This difference becomes still more striking if the numbers of one of the acid groups 
are subtracted from those of the other, so as to give the heat of oxidation of the 
hydrogen- salts into the oxygen-salts — 

Aq) - (R,H,Aq) « (IlHAq,0>). 

R (RWAq,0=) 

Cl — 15,380 licat-units. 

Br -15,900 

1 + 42,540 

From this it appears that if a solution of hydrochloric or liydrobrumic acid could 
be converted by free oxygen into the corresponding oxygen-acid, there would bo in the a . 
two cases an equal absorption of heat, whereas in the conversion of hydriodic into iodic / 
uoid, there is a very considerable evolution of heat. It is clear, therefore, tliat the re- 
actions taking place in the latter case are very different from thoso which take place 
ill tlie former, and that the constitution of iodic acid must differ considerably from that . 
of chloric or bromic acid. ‘ 

(-1). If, in accordance with what is above stated, we regard iodic acid as bibasic, 
and double its usual molecular formula, we obtain one which agrees in a remarkable 
nmnner with tho formula of periodic acid, H*IO* : — 

Iodic acid I • 

Periodic acid , • • , • . H* . IO®H* : 

i.A, peric^ic acid is formed by tlie substitution of throe hydrogen-atoms for one iodine- 
atom in iodic acid. This substitution is in accordance with the trivalence ofiodine in 
other compounds, the trichloride for example. 

This luodo of derivation of periodic acid explains the peculiar relations of that acid 
to bases. Periodic acid, in met, retains the bibasic character of iodic acid and its 
Jionnal salts have a constitution reprosonted by that of tlie sodium salt, H*IO"Na®. 

Tho three atoms of hydrogen which hove taken tho place of tho one atom of hydrogen 
of iodic ncid may, however, be also replaced by metals, giving rise to a large number 
of so-called basic periodates. 

The same view of tho constitution of periodic acid agrees with Thomsen’s results 
Respecting its heat of neutralisation, inasmuch us tho replacement of the first two 
lyan^cn-atoms by sodium gives tho normal neutralisation-heat of acids {Deut, Chsm» 

TU ^ 00 ; Chem. J, [2], xi. 595). 

ino relation between iodic and periodic acid above developed is corrohorafod by 
nomsons investigations on tho specific gravities and molecdlar volumes of their solu- 
j ^P- ^0). When periodic acid is dissolved in wator, the volume of the water 
(H-T*** ©very molecule of acid dissolved, *.c., for every 228 grains 

Toini« 0*1 tho contrary, iodic acid is dissolved in water, the increase in 

17* ® tho water is greater for concenbated than for dilute solutions. Por every 
tbe m ^ IO*H) there is a variation of from 34 to 27 c,c. if 

is inti- V. water rises by tens up to 320 molecules. The moan value, however, 

J naif of that of periodic acid, and tlie two solutions — 

+ 80H»O 
I .KPH* + 80H*0, 

volumOt vis., 1499'9 and 1500*2, so, that uUhtAis quantity ^ 

• ^olccuU of pmodie acid and a double^pudecuU iodio acid <Ad 
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imc volume, VMhen more coneentratod, the volume of the periodic acid fiolutlon ig 
liomewhat smaller; when more dilute somewhat larger, than the corresponding sdlntion 
of iodic acid. 

The. facts above detailed all tend to the conclusion that iodic acid is bibasic and 
that its molebUlor formula is 

Properties atid Seactions of Iodic Acid and Anhydride, — (A. Bitte, Ann, Ch, Phys. [4] 
xxi. 5.) Iodic anhydride, PO^, is a white powder, easily soluble in water, inroiubic 
in ether, chloroform, carbon sulphide, and liquid hydrocarbons. Sp. gr. 4*487 at 0^. 
Exponsion-coofficient, between 0° and 61° « 0*000066. It is a powerfhl oxidisiD<r 
' agent. ** 

Iodic anhydride is commonly said to form two hydnites, POMl^O and 3l=O\H>0* 
but by observations on the tension of the aqueous va wur'given off by iodic acid at a 
.determinate temperature (according to the method of Dobray and Isambert, JSuynl. 
426i 426) Ditto finds that, however great may be the quantity of anhy^de miT^j 
with tlio monohydmto, the tension at any given temperature is always the same us 
that of tlio monohydrate alone : hence it miiy be inferred that the hymrato SPOMl^'O 
does not exisU 

The mcnohydraUt or iodic acid^ PO*H*, has a specific gravity of 4*629 at 

0^ : its coefficient of expansion between 0° and 51° is 0*000237. It dissolves easily in 
water without perceptible alteration of temperature, forming a solution which [? when 
saturated] boils at 104° under a pressure of 760 mm. and has a specific gravity of 
2 842 at 12*5^. 

A concentrated solution of iodic acid oxidises common as well as red phosphorus at 
ordinary temperatures, pulverised arsenic at 160°, sugar-charcoal between 17o° and 
180°, anthracite at 210°, graphite at 240°, amorphous boron at 40°, crystallised borou at 
200°, amorphous and crystallised silicon at 260°, sulphur and selenium at 150°, and 
acetylene at 220°. Diamond withstands its action oven at 160°. Potassium, sodium, 
magnesium, aluminium, bismutli, zinc, cadmium, iron, copper, mercury, and silver, are 
iittiickod by a concentrated solution of iodic acid, some at ordinary temperatures, ethers 
when heated ; tin, lead, gold, and iialladium, are not attacked (Ditto). 

According to Thorpe (Chem. Soo, J, [2J, xi. 648), iodic acid is completely reduced to 
hydriodic acid, and metallic iodates to iodide by a copper-zinc couple in presence of 
water, and this mode of reduction may be used for the quantitative analysis of 
iodates. 

Compounds of iodic an<l stdphurie acid^ represented by tho formulm l‘^O*H*.3S0*H* 
and 1*U*H*.3(80*H^2H*0), are described by Millon (Ann, Chim, Phys, [Sj^xii. 330). 
Ditto, however, did not succeed in preparing oitlier of these compounds. A solution of 
iodic acid in very strong sulphuric acid -prepared at 310° began at 200° to deposit 
needle-shaped <^8tals, 'which, when left for 5 or 6 days on a porous plate under a bell- 
jar, lost all Uioir adhering sulphuric acid, and were found to contain 6*4 p.o. of that 
acid, which does not agree with either of Millon’s formulse. Tho complex compounds 
of sulphuric acid with the oxides IO> and described by liiillon (iii. 298), as well 

as those oxides themselves, appear to have no existence. Iodic acid separates 
unaltered from solution in nitric acidj without forming either of the compounds de- 
scribed by Millon and Kiimmerer (iii. 209). Neitlier does iodic acid unito with pbos- 
])horic or arsenic acid. Sulphurous, arsoiiious, sulphydric, hydrochloric, and hyd- 
riodic acids are oxidised by it : acetic acid also at 210°-^220°. It likewise oxidises oil 
of turpentine and paraifiii. ^ ^ 

> VoT Ditto's determinations of the heat of combination and solution of iodic acid, ac., 
see p. 616. 

Xodaten. Neutral potassium iodate^ I*0*K*, crystrtllises anhydrous from jl* 
aqueous solution at all temperatures. Its specific gravity is 2*601. When it is ais- 
B^red in warm dilute s^ulphuric acid, the hydrated salt, l*O*K*J£*0, crystallises on 
in a few days ; but when tho salt is heated to 100° with a larger quantity of sttl^’<^ 
acid diluted with an equal volume of water till the solution b^ns » 

iodic o^id, I*0*H*, separates out. From an alkaline soliirion the neutral iodate 
Uses unaltered. The di-iodate, Ka0.2P0».H*0 or is 

solving the neutral iodate in boiling niixic acid diluted With an equal 
and leaving the solution to cool slowly. The iri-iodate, KH>,8i•0^2H•0 
2I*0*H*, is formed when tho neutral iodate is mixed with a large excels of f ,* 
It gives off all its water between 160° and 200° (Ditto). ^ 

According to Sonstadt (Chem. iVeiers, xxvi. 08) potassium iod|Steathigh t^®®!W^-. 
is a more powerful oxidising agent than the chlorate or nitrate, inasinucM^W 
composition requires a higher temperature than tliat of the cblora^;%^; 
pure oxygen, whereas a nitrate when heated gives off a 

Whon u solution of an alkaline iodato is mix^ with an g 

chemical action ensues as long as the solution remains neutral; 
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imall quantity of an acid cauaes it to become in the first place ati>Dgly alldaline; a 
MUtral point la pveaentl^r reached, after which, if the iodate is in exceaa, the further 
addition of acid liberates iodine. The products of tho reaction up to neutrality ate, a 
totrAthionato, an iodide, and a salt of the acid used. 

'V^hen citric or tartaric acid ia employed to acidify the mixed aoliition of ioduto and 
tiiiosulphate, the solution becomea neutral to test-paper when twp molecules of the 
acid have been added for every six molocnles of thioaulpliate present, and this noutrul 
point is reached sensibly before iodine ia set free. A trisodic salt of the organic 
acid is formed in boUi instances. In order to obtain the iodine reaction, a. quarter of a 
inolocule more of citric acid and one moloculo more of tnrtitric acid must be added 
(Soiistadt.) 

According to Melsens (Ann. Chim. Phys. [41, xxv. 157), potassium iodate is reduced 
iu tliB animal organism and converted into iouido. 

Calcium Iodate. — On the existence and quantity of this salt in sea-water, ace 
p, 670. According to Sonstadt (Chem. News^ xxviii. :^97), it is a powerful antiseptic 
iiiid may be advantogooualy used for preserving moat, fish, eggs, &c.. from putro&ctioii. 
Tiio sodium, potassium, and magnesium salts do nob act so powerfully in this way us 
tlio enJeium salt 

Erbium JodatCt FO*JSb + 2H^O, is nnciystallisablo (C15ve, Bull. Soc. Chini.[2\, 
six. 289). 

Glucinum Iodate remaina, on evaporation, aa a gummy mass (Attorberg, ih\d. 
497 ). 

Thallium lodates. — Thallious iodate^ TPPO*, is obtained as a white non-crystal- 
lino |X)wdor by heating thallious hydrate with iodic acid; or by decomposing a that- 
houfl salt with a soluble iodate. It is nearly insoluble in water, and dissolves but 
.•‘piii’iiigly in nitric acid : it remains unaltered at 150^, but when more strongly heated 
it melts to a brown liquid, gives off oxygen and iodine, and yields a sublimate of 
tiinliious iodide, and a residue of thallious oxide which strongly attacks glass. 

BUhallic Iodate^ (TP)*‘I*0'*. 311^0, is formed by heating thallious iodate or freshly 
precipitated thallious oxide with uqueoiis iodic acid. It is a brownish-gro^, heavy, 
crysUdlino salt, which is not altered by water, and is nearly iitsolublo in nitric acid. 
>Vhen lieatod it gives off water, and behaves in other respects like the thallious salt 
(Kammelsljerg, Pogg. Ann, cxlvi. 692). 

Terr ie lodates. The normal ealtt Fo*0*.3PO* or (Fe®)*'PO*“, is obtained as a 
yellow piijcipitjito by heating a solution of ferrous iodide in 5 or 6 pts. water with 2 
ptH. potassium chlorate dissolved in a little hot water and p>b. strong nitric acid. It 
ifi UstelesH, scentless, and perfectly stable. By using smaller quantities of nitric acid, 
salts lire obtained containing smaller proportions of iodic acid ; one of a deep red 
colour appears when dried at 100® to contain Fo*OM-0\ but decomposes during wash- 
ing. The salt, Fe*0*.2T‘0* + 3H*0, obtained by precipitating ammonia-iron alum 
potassium or sodium iodate (iii. 302), is somewhat liable to alteration on expo- 
sure to the air. 'Iliese basic salts are convertotl into the normal salt by digestion 
witli Warm dilute nitric acid (C. A. Bell, Pharm J. Trane. [8], i. 624). 

Pebiodatbs. K. Ihro (Deut. Chem. Gee. Her. iii. 316) describes the preparation 
Of A number of these salts, all of which have, however, boon previously described, 
rxcopt the following ; 

3K=0.1*0’' + 8H*0, or KMOH* + 3H-0, 
forraed by tlio action of concentrated alcoholic potash on the salt K*O.I*0^ ; 

(NH<)»O.PO" + 6H*0, or (NH«)HMO«H* + H»0 ; 

Li»0.( NH«)*O.PO' + 7H»0, or Li(NH*)H.IO*l£* + 2H*0 ; 

3BaO.I«K>» + 6IPO, or Ba».PO**H* + 4II*0. 
prej^d by the action of barium nitrate and aluminium on the ordinary sodium salt, 
+ 6H*0. 

, ^®gflrd to the triargenlic sa//, Ag*10’, described byFemlunds^ls^ 8^y^.'745), 
IK hy boiling the straw-yellow diargentio salt Ag*H.I0*5*f 'with water, 

ro finds, in accordance with Baramelsberg (Jahresh. 1867, p. 19®)* that the product 
J hy boiling the yellow salt with water as long as anything is dissolved is the 
and 5Ag*O.PO' or AgMCFAg*. From the results of his own experiments 

eiM. other chemists, Ihro concludes tliat periodic acid forms salts containing 

^omstrand {Deut. Cktm. Get. Her. iii. 317) agree, with this view, which i. aUo u 

Ti Thoimwn’s result, (p. 681). 

**'‘*“»» i’svt'arfalcs.— The tkalliow «dt has not been isolated. The predpitat. 



684 IODOFORM— IRIDHJM. 


fQrm^ dither by adding thallious hydrate to periodic acid, or by mixing eolution§ f 
thallious nitrate and tetrapotassic periodate, Beems to be a mixture of the ini 
T1*I®0*, and the compound A ihidlio mXU said to have the oomnofiiff# 

+ 90H*O, is formed, as a light-brown precipitate by warming frMtSy We” 
cipitatod thallic oxide with periodic acid (Rammclsborg, i^ogg, Ann, Cxlvi. 602)/ 
:^eriodate8 of Yttrium and Krbium.—^rwo yttrium periodates are formod 
according as the periodic acid used in their preparation is in excess or not. The most 
stable, formed witH oxcpss ofacid, is said to contain + 24H-0 ; the other, Y'‘Po^ 

+ 6H*0. Erbium-periodate is said to have the composition Eb"!*^*® + 2H*6 
Mlf. 8oc, Chim, [2], xix. 193). ' ^ 


l0BOrO»IK» CHP. — This compound treated with bromine at ordinary tempera- 
tures gives rise to bromiodofomi, ClIBr*I ; but an excess of bromine at high tomperai 
turea removes the hydrogen and the wliole of the iodine, producing carbon tetrahmm^iil 
CBr* (Bolas a. Groves, p. 256). 


•■OBOBinUPBUaZO ACZB, H‘‘‘S0>P. (Silvestro Zinno, N, Eepert. Pharm. xx 
449). — ^Felouze a. Fr6my obtained the anhydride of this acid^ SO*P, by distilling aii 
intimate mixture of iodine and lead sulphite and rectifying the distillate over mercury* 
the anhydride dissolved in water yielded iodosiilphuric acid. Zinno obtains the sumo 
acid by dissolving the proper quantity of iodine in concentrated aqueous sulphurous 
acid; also, by treating iodide of starch with sulphurous acid, and distilling the de- 
coloriscd liquid. The acid when concentrated at a moderate heat, dissolves sulphur, 
.and acquires thereby a yellow colour. ’ 

The iodosulphatos of the alkali -metals may bo prepared by neutralisation of the 
aqueous acid with the corresponding bases ; the sodium salt also, by adding to a 
solution of sodium sulphite as much iodine as it is capable of dissolving, keeping tho 
liquid cool also by the action of sodium sulphite on iodide of starch suspended iu, 
water. 

Sodium lodoeuipkate^ Na-SO*!* + 10-H®O, crystallises in colourless elongated per- 
fectly uniform prisms, the taste of which is rather bitter, but much less disagreeable 
than that of sodium sulphate. 100 parts of water at 16® dissolve 27’o parts of the 
salt ; it is also slightly soluble in aqueous alcohol. When heated it gives oif vapours 
of ic^DO, leaving sulphide and sulphate of sodium. With merciuric nitrate.it forms a 
yellowish-whito, with silver nitrate a yellow, and with lead acetate a white precipitate 
(Zinno). 


nUTCITM. Separation from Plattnum , — Tho separation of these metals may le 
efltoed by the method originally suggested by Bimbaum, which consists in converting 
them into cyanides, combining the latter with liarium cyanide, and then mechanically 
semrating the one double cyanide from tho other. 

To prepare the cyanides, a mixture of crude iridium oxide and potassium cyanide is 
fused in a small crucible, and kept at a high temperature until all the metallic oxide 
is taken up. Tho fused mass when cold is dissolved in water, filtered from nn- 
attacked iridium oxide, and hydrochloric acid is added in sufficient quantity to destroy 
the excess of potassium cyanide. The liquid is then mixed with concentrated solution 
of copper sulphate; tho violet-coloured precipitate, consisting of the mixed double 
cyanides of indium and platinum with copper, is washed by decantation with boiling 
water ; and while it is suspended therein, a strong solution of caustic baryta is added. 
.The copper is thus precipitated as oxide, and the double cyanides of iridium and plati- 
num with barium are formed. Carbonic anhydride is then passed through to pi^ipitato 
tho barium, and tho solution concentrated to crystallisation. Tho yellow platinum salt 
cxvstallises first, in small dichroic crystals, and afterwards the iridium salt in largo 
colourless prisms, the crystallisation of both salts being so distinct and MpaiatOi 
they can easily be picked out one from the other (8. P. Sadtlor, Ph 

d38)a 

^hglene^cmtHttinds of /rrVftum.-— Sadtler has endeavoured to prepare indium-®^** 
amilo^us to the ethylene-platinum compounds obtained by Zwse (ii* ^98)-. 
iridium was prepared by igniting the crystals of barium-iridiiun cyauide obtained ss 
above, and washing out tho barium cyanide with boiling w^aior. 


* In e note to toe abstract of Zlnno’s paper In too JahreAtHeht fUr CShemle, 1671; P* 

^ B ‘ I have this sto^wit tested by O. Kbtoe, and it has not been foijnd 
to oqneous ealphniuiis acid, either ooncentratod or dilute, the quantity of ibdhib teqnUw 
iodoeulphorio acid, with or without oooUnK, potaaslum iodide and sodlnm 

and ootaseqnoi^ iwed iri to te iormed oii adding 1^ acetate to the liniM iwm ,hm 

white aa stated by Zinno. . When on the othm* hwid, a smaller, qmiatltf ^ ^ 

solution of sodtnm sulphite, load noetate formed a white p^pitoto, nftifa •wtodfc.hoBW m-lgfe™ 
to tlie fnot tout lend iodide and sodium sulphlto teoct so aa to form sodium 
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after having been ntrosgly ignited to effect its oxidation, wae heated with nitrottnriatie 
•icid to 200^^ in a eeal^ tube, to convert it into chloride; and this compound wae 
treuci'd with absolute alcohol, with addition of potassium or ammonium chloride. The 
reaction then appears to take place : 

IrCl* + 2C*H«0 « IrCl*.0*H« + 2HCI + C*H<0 + H*0, 

and tho compound IrCP.C^H^ unites with the chloride of potassium or ammonium. At 
tho aimo time, howevor, part of the iridium tetrachloride unites with tlie ethylene and 
tho alkaline clilorido without undergoing reduction to dichloride, so tliat a mixture of 
Kiltii is obtained. With ammonium chloride two salts were obtained, agreeing nearly 
in composition with the foimulse : 

IrCP. C*H\NH^C1 and IrClXC*H^)*(NH^Cl)» 

With potassium chloride only the salt IrCl\C-H*)®(KCl)* was obtained, anhydrous, 
and combined with 3H*0- 

IBON. Properties qf Pure /ro».-~Caron (Conipt. rend. Ixx. 1263) fused 50 to. 
grnins of reduced iron by the heat of a hydrogen gas blowr>pipe. Tho regnli obtained 
were free from blisters, a proof that hydrogen gas is not absorbed by melted ii^on. The- 
pure fused iron had a high specific gravity. 

Sp. gr. at 1<;° 

Pure iron (88*879 grams) fused in hydrogen . . . . 7*880 

Tho same forged 7*868 

Tho samo drawn out into wire ...... 7*847 

Pure iron (117 54 grams) fused in a crucible, and therefore 
exposed to tho action of atmospheric oxygen penetrating 
through the sides of tho crucible 7*833 

Pure iron fused- in hydrogen is soft* easily drawn out into wire when cold, very 
malloiibleutarodheat. Iron fused in a crucible, on the other hand, is hard, and yields 
Viitcr by prolonged heating in hydrogen, showing that it has absorbed oxygen during 
fusion in tlio crucible. 

Action of Cold on Iron. — ^Experiments on the action of cold on iron and steel have 
Iw^en made by Brockbank {Chem. News, xxiii. 62),Fairbaim {ibid. 89), Joule (ibid. 101, 
lie), and Spence {ibid. 124). Brockbank concludes that cast iron when Cooled below 
tho Wxing point exhibits a considerable and increasing loss of tenacity and elasticity. 
An iron bar which hod been exposed to hard frost was incapable of bearing more than 
one blow of a 12-lb. hammer, whereas when warmed to the temperature of tho work- 
shop, it boro fourteen blows of the same hammer without the least sign of fracture. 
Cold bars appeared crystalline -vrithout any indiaition of fibrous structure, whereas 
warm bars wore fibrous and appeared somewhat crystalline only on the fractured sur- 
face. Pairhairn and Joule contradict those assertions, and Spence oven comes to the 
conclusion, that the tenacity of iron is increased by lowering of temperature. Tho 
editor of Kngifieermg, in which Journal (Feb. 1871, p. 82) the remarks above cited nre 
collected together, oMerv'es with reference to them, that on comparing tho results of 
former investigations, and tlio experience of tho railways in Canada, tho United 
' t.-ites, Bussia, and other countries where tho winters are severe, there ciin bo but little 
doubt that cold does diminish tho power of iron to resist percussion and shaking, and 
tn;it this is especially the caso with tho kinds of iron generally used for wheel-tires, 
iiiid ubove all with iron which contains a somewhat considerable proportion of phos- 
phorus. Steel, on the other hand, appears to be less influenced in this way. 

Compounds of Iron, 

Antlmoikate. An amorphous axgillaceous mass from Nador, in the province of 
^ciiBtantine in Algeria, contains acooraing to two analyses by Flajolot : — 

Loss by 

Sb*'0» Pc*0« Ab* 0" Al“0* PbO CaO ignition 

63*50 81*40 — — — — 6*10 - 100 

. 59*30 33*40 2*50 1*80 0*45 trace 3*06 « 100 

r formula 2(Fe*0*.Sb®0*) + 8H*0 {Compt. 
Un. 237 : Ann. mn, [6], 29). 

diW?** ^Ailorlde. From the changer in the depth of eolonr of eolntione of ferric 
ftum dilution with water, hydrochloric acW, sal-ammoniac, and a 
sal-ammoniac and hydrochloric acici,-^lBO from rise of temperature, and 
fwHn solution, A. Muller (3)eut. Chem, Gee. Per. ii. 178) infers that 

acting, is its solutions must undergo chemical alteration. Acetic aedd in its 

s on such a soluUou eadiibits only ^th of tho energy of hydrochloric acid, Experi? 
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aimilar conditions have shown thatlS m^, acetic acid sm 
of disputing 1 mol. sulphuric acid from its combination with fenio oxide* hon • 
appears that at medium tompwature, and in solutions in which it has only a am 
tAdon, hydrochloric acid is nearly twice as strong an acid as sulphuric acid a 
similar conclusion may be drawn, according to Muller, from the more nowferfni ^ 
of ^ilute) hydrochloric acid on cellulose, starch, and sugar. wtion 

former experiments (J. pr. Chem. cvi. 321) Muller considers that 
feme acetate, l?VO*.3C^H»0», 4»n exist permanentlv in aqueous solution onlv^i! 
presence of a considerable quantity of free acetic acid, and Uie quantity of the IsttP 
must bo greater in proporaon as there are more salts present which are canable of 
fixing the acid by formation of acid salts, e.p. acetates and su^hates of alkal^metiS 
Contrary to the ordinary assumption (made in accordance with BertlioUet’s law) ferric 
acetate in a solution containing a largo excess of acetic acid does not exchange its 
add'(or only to a slight extent) with the sulphates of potassium, sodium, ammonium 
and magnesium, or with^o chlorides of sodium, ammonium, barium, and calcium or 
nitrate of ammonium. On the contrary, ferric oxide dissolved in acetic acid withdraws 
phosphoric acid, which at ordinary temperatures is a weaker acid, in greater or lesser 
.proportion from stronger bases (in spite of their excess)^ and unites with it, in the form 
of a basic compound, which is gradually precipitated from the acid solution. Any 
disturbance of the equilibrium of affinity taking place in a ^lution is slower in 
coming to an end, in proportion as the affinities of the reacting substances are less 
energetic. 

Decomposition of Ferric Chloride hy Heat in Aqueous Solution (Krecke, J. pr, Chm 
[2], iii. 286). 

All solutions of ferric chloride are decomposed on heating, the more rmidily 
the more dilute they are, the phenomena varying according to the strength of the 
solutions, the degree of heat to which they are raised, and the loqgth of time during 
which they are exposed to this heat. The first effect observed in all solutions, 
wlion their temperature is raised, is a greater or lesser degree of darkening, 
owing to the formation of soluble ferric oxide (Graham's oxide) and free hydro- 
chloric acid. If the temperature be now raised still higher, or continued for 
some length of time at the same degree, the solution becomes turbid, and deposits, 
according to concoiitration or temperature, either difficultly soluble ferric oxide 
(Plan’s), or oxychloride, or dense anhydrous ferric oxide. The following table gives 
the temperatures at wliich these various phenomena are observed in solutions of 
different degrees of concentration - 


Concentration Formation of Qmlinm’s pASSJpSSLSf Formation of 
In per cent. Ferric oxide ^ oiS oxychloride 



100—130*’ 

100 — 120 ® 

100 — 110 ® 

00 — 100 ® 


— Above 100® 


18 recoil* 

stituted 

100®— 130® 
Remain 100®— 130® 
separate — 

on cooling —* 



Solutions cont'iining i per cent, or less of ferric chloride are decqtaposed 
influence of light, eveu at a toinporaturo of 6® or 6® only, though in the. dgrk W®y 
keep perfectly at that temporatnre. Solutions of } percent. an4 upinudd ^ 
nent when exposed to light at ordinaiy temperature, and a imore or leis «to?***“ 
ten^erature is required for their decomposition. 

The alterations in the specific gravity of solutions resulting 
in most cases so slight, and the changes taking place so eomplicfrtirff 
help can be derived from this property in esumatipg tha ■ 
duM. Rererthelcfla alterations in the specific ipavitT. dule V)i dece^^ 
be observed in^ solutions of ferric cliloride, as wqwn in ■ tte: . 

gives tho specific gravities at various tempentf.ure8, of 
woride, eoen containing i per cent, of tbjB salt . 
prepared, tlie other waa old and decomposed 











Bjpecijic Gravity of Solutiom of Ferric Chloride. 



Freshly pre- 
pared and 
nondol 

Old and deooni* 
poaod 

Temperature 

Freshly made 
and normal 

Old and decom- 
posed 

0 

1‘0Q086 

1*00060 

60 


0-08468 

10 

1 00080 

1*00041 

70 

— 

0-07937 


0-09888 

0-99860 

80 


007394 


0-99682 

0-00644 

00 

— 

0-96776 


0'99462 

0-00386 

100 

— 

0-06114 


— 

U-08920 

— 

— 

— 


Tho property possessed by colloid ferric oxide, to be precipitated from its solutions 
Ly the addition of neutral ^ts of the alkalis, diseoTered by Graham, affords, hov- 
ever, tho means of estimating the amount of colloid oxide present in a solution ; and 
alter its removal tlio amount of unaltered ferric chloride remaining may bo estimated 
as usual. Since solutioas containing moro tlian 1 per cent, require to bo heated to a 
temperature above 100^ before they are dccora]posed, the experiments were limited to 
solutions containing 1 and a h per cent, of feme chloride respectiToly. Tho solutions 
vero hoated in an apparatus -which permitted a careful regulation of tho temperature, 
and allowed the taking of samples nt any desired temperature, at tho same time pro* 
venting any evaporation. The experimental results may bo summed up as follows : — 

1. In solutions of ferric chloride the amount of decomposition produced increases 
with tho rise in temperature, but is not proportional to this rise. 

2. lYith a constant tomperaturo tho amount of decomposition increases with tho 
timo up to a certain maximum. The increase is rapid at first, becomes gradually 
slower, and reaches the maximum after the lapso of about twelve hours. 

Tho method sometimes employed for separating ferric oxide from manganese, cerium, 
nickel, and cobalt, by carefully neutralising the solution with ammonium or sodium 
carbonate, and boiling, whereby the ferric oxido is precipitated, while tho other metals 
remain in solution, may be regarded as depending on the formation of colloid ferric 
oxide, which is then precipitated by the ulkali-salt present. The metho'.L proposed by 
Hofmann and Hrankbind of purifying sewage by the addition of ferric chloride also 
illusiratcs the same phenomena. Tho very dilute solution of ferric chloride produced 
is dpcomposod, as before described, even at ordinary temperature, and the ferric oxide 
procipitated carries down the other impurities. 

(ill the decomposition of ferric salts by heat, see olso Tichbome (Chem. News, xziv. 


VltrosttlplUdeB. Houssin, by dropping a solution of a ferric salt into a mixture 
of ammonium sulphide and potassium nitrite, obtained a salt (dinitrosulpbido of iron) 
in hlack needle-shaped crystals to which he assigned the formula Fe*S\N*0®),H*S 
or l*eSN*0*.Fo*S*N*0*.H*S (iii. 301). According to Forczini^ {Ann. Ch, PAam. 
exxv. 302 ; Jahreeb. 18G3, 260) this salt has tho composition Fe*S*(N*0®)*.2H*0 or 
rcS.l'o»S®(N*0*)*.2H*0, and when treated with potash gives oflF ammonia, and yields 
bkek triclinic crystals of the potassium salt, IL*S.Fo*S*fN*0*)*. Rosenborg {Deut. 

iii. 312) assigns to Roussin’s salt the more complex formula 
(H*0*)\H*0, and to the potassium salt obtained by treating it with potash, 
^ l0lI*O. Tho corresponding sodium salt has the formula 

1 ?**^®*" Monoxide or Ferroue oxide. — ^This oxide may be obtained in the an- 
. f rous state by tho action of carbon dioxide on pure iron at a red heat ; 

, Fe + CO* — CO + FoO, 

comn^*v® obtained is block, crystalline, and magnetic, and agrees exactly in 
formula FcO. Heated to redness in the air, it is converted into 
^ (Tissaudier, Compt. rend. Ixxiv. 631). 

native compound of this oxide with cuprous oxide, nam^ 
tha/ft/ti ’ in the mineralogicBl collection of the thcoU dee Mines, and in 

Al*ni 1 ^ d^Hietoire Nature&e at Paris. It consists of 47’99 p. c. Fe*0*, 3-62 

Cu*0, affreeing with the formula (Fe ; Al)*0*.Cu*0. Sp. gr. - 6*07 ; 
otaoiiB i« ^ ® » streak, greyish-black. It splits easily into very thin perfectly 

^ prepare this mineral artificially by heating -a solution of ferric chloride 
tile oxide to 250*’ in a sealed tube resmted in the formation of atacamits, 

all precipitatedm This may powibly be the natural mode of formation 
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of atecamite, Cu*ClH*0*, especially as it is often found associated ^th ferric oxide 
(Friedel, Compt. rend. Ixxvii. 211). 

Ferroao~ferric Oxidesj^'B.. Sainte-Claire Derille {Ann. Ch. Pharm. clvii. 7i) 
has examined the action of water on iron and of hydrogen on ferroso-fbrrlc oxide. The 
apparatus employed for oxidation-experiments consist^ of a glass or porcelain tn^ 
containing the iron, and communicating at one end witli a Gei^sleFs or Sprengel’s air- 
pump, at tlio other with a retort containing water kept at a^ constant temperature by 
surrounding the retort with ice or cold water. For reduction experiments the iruii 
was replaced by forroso-ferric oxide and the retort by a hydrogen-apparatus. The tube 
containing the iron or oxide was kept at a constant temperature by immersion in nii 
oil- or mercuiy-lmth for the lower temperatures, and for higher temperatures bymeauH 
of the vapour of mercury (360®), Sulphur (440®), cadmium (860°), zinc (1040®); for 
tlie highest tempernturo the tube was exposed to tlie direct flame of petroleum, the 
flow of which was regulated by stop-cocks. As soon as tho tension of the gases 
became constn nt at any particular temperature, it was measured, and thence tlie tension 
of the dry hydrogen could be calculated, since the tension of tho aqueous vapour was 
known from tho temperature of the water in the retort, which was always lower than 
that of the other parts of the apparatus. 

The following table gives tho resnlts of Ihivillo’s experiments, plaieed together in pain: 
the numbers in the first line of each pair relating to a water-temperature of p°, that 
in the second to a somewhat higher temperature, between 10*6® and 19°. This table 
shows (1) tho temperature of the iron for each 'pair of experiments; (2) tho tension 
of tho water-vapour e and d, as well as the tension of the dry hydrogen A and A' ; (3) 

the relation r » — and r' =: — , that is, the ratio of the tension of the hydrogen to that 
e d 

of tho wntor-vaponr, and lastly (4), tho ratio HI, which is an expression of the nltomtion 

T 

taking place in the relative quantities of tho hydrogen- and water-vapours when the 
tension of the latter is altered while the temperature of tho iron remains const^int. 


Temperature 
of tlie Iron 

Tension of the 
Water-vapour 

Tension of the 
dry Hydrogen 

Ratio of the 
Tensions 

Ritlo 


e 

h 

rss 

e 

r 

200® 

( 4G 
i 9-7 

195*9 

95*3 

20848) 

20*l34f 

0*965 

266° 

s 4-6 

J15-7 

64*2 

235*1 

13-066) 

14*974/ 

1*073 

360® 

j 4-6 
j 9*6 

4a*4 

76*3 

8*7831 

8*031) 

0-915 

4*0® 

5 4*6 
(10*1 

25*8 

67*9 

5*609) 

6*732/ 

1 022 

860“ 

( 4*6 
)131 

12*8 

23*9 

2*783) 

1*888/ 

0*661 

860® 

V 4-6 
(12*7 

12:8 

23*2 

2*783 ) 

1*327 S 

0*656 

1040®* 

( 4-6 
)127 

9*2 

10*1 

2 000) 
1*504$ 

0*762 

1040° 

( 4*6 
)12*7 

9*4 

17*3 

2*043) 

1*362/ 

9 667 

1600® . 

/ 4*6 
(13*3 

5*1 

11-7 

1*109) 

0718$ 

0*347 


The numbers in this table show that iron decomposes less water the 
heated, and that when the tension of the water-vapour is increased (by neaw^ 
water in tho retort) tho tension of Uie hydrogen Incrtoses, 

higher the temperature of tho iron, the less is the increase in the tension OT w 7 
gen compared with tliat of the aqueous vapour. 


Tho total result is independent of the quantity of iron or iron ®S^^wi5io to 

the tensions of the hydrogen gas and aqueous vapour are always 
one another so long as tho temperature remains constant. ' This 
is Uie same at a given temperature whether aqueous Tapw hp W®* ; ; 

or hydrogen upon iron oxicb. 

• In those two exporimnUts Iron cxlde was reduced toy hydiegsa eh 

nietelUc Iron* ^ 



iBOir. 

Magnttk Oxide of Sro»i.~Thu mineml im found in • 
doft of Ae lioart*4tona (^s^ng irf quartz and day) of the coko-fed blaat-fiimaee 
ofPrerali 3n Cmn^and W dimbtlen been fomed there. .It coneisteof fine eteel- 
gtey closely intorg^n cmtals, singly magnetic and having a sp. gr. of 6 - 83 . It 

C cJ 

Liebon, in a note to Veiher's paper, observes that the ocenrrenee of crystallised 
m^euc <«de as a 1 urn^-nr^uct has often been noticed before, but ^t such 

rt1S-FloFa«^Tht «?"lfO!it>on with the natural mineral 

ie»0*, or lcO.Fe 0 . The pi^urt above described differs, however, loth from this 
end from the common scale-oxide (gonorally regarded as Fe"0» - BFeO FcStV 
^mechemlsts.as F^O» = 4FeO.FSo.), its ^Tflc Savity LVhiS» and ifo 
position aj^eeing; with the formula Fo**0** or 9FeO Pe*0*^ fa S • om 

fom-^o-ferric oxide may be represented 


JUagnotic Iron ore 
Ec»0* 

^0 

Fe.:^ 

I ^0-^ 

/ 0 >- 

<0 


Scale oxido 
Po"0* 

Fe— 0— Fox^ 
\o-Fo. 
yO— Fe-^ 

Fe— 0— Fe. 

\ 

\0-Fe-^ 


Puriince-prodact, 

Fe"0» 

0 — Fe— O,. 

F 0 — 0 — F6“-0>''^ 

^O-Fo-O 

NFo 

^O-Fe-0-^ 
Fo — 0 — Fe — 0 


\o— Fe— 0 -^ 


>Fo 


AbgorpUm of Salta from Scdutioti hy t'urrosoferrie Oxides Officinal 

tartar-ometic, arc dccomposod by tlie oxide in such a mannAie fivof t>v>A 4 sia a * 

eliaraeter i^’btoe^H addibon It becomes mnddy, but still always preserving ita 
sudden wamlati^n * ^ suddenly a drop more of tlie iron solution causes 

doccnleS I'l'sxiliooj'^Pisratiiig into a clear colourless layer, and thoblue 

f“row»an^nSuiLmt^T5-*° ''®”‘ "olntion neither iron nor 

as tewiiSi inay,thoreforo. be used ns an indication of 

To deS?^ oxpenment is best made in a porcdiun basin 

“timntbn quantitative relation of this reaction and its n^cabilitv to the 

wiro feriw^mnqgen, solutions of known etien^ were nnnared 

"“■'Jisrf with niWc ralphato. The lattcr^ns 
gta ni a of * 1 , t ncici. Of tho two fliilts 0 1 ffram>6qiiiv'alcnt w&s takan ta 9 *ii 
Kd 8«“ th® lat JdissolLT to mHc. a’perimeut 

““posiUon^gg-s - l L‘!L®?®****'^”.^*™*^T®“*'^®«®*“‘>0“»quiro^ for complete de- 
feswcyanoeenaiS «®”®»9“®“‘lyH»t Ao number of equivMents 

“» M 26 : 8a-8,or neai^sa 8 : 4^ 

““«»dant the SintiST^b®*? ®4- Fe or 2 oq. FeH)‘. ’to obtain 

"tsin exto^r rt. solution of the fe^yanide must be diluted with ^r to a 
!«"sd too the completion of the experiment will bo ob- 

.i^iU that *® ®““*“ tW® P«i”t will bo 

*"• 164). ’'“®“ *® **>«»® Pwcaution is observed. (H. Bheineek, IKogl. pot J. 

*o''«‘Mr~Fitt tbia^*'’*’'*'**w?i^*‘** *»?»■»*«••< */ rerrie Oxide in 

2sd Sep, purpose Wilbn^a^Whittlesey (CilMt. Ahwii, xsii. 2) mix 
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tho finely ponndbd silicate in a platinum crucible with an equal a laxfiof qua&tity 
of pnlrerisM fiuorspar or crysolit^, and such a quantity of h^rochloric acid that tho 
crucible is about two-thirds filled by the mixsiire. The crucible is placed on a water- 
bath and heated in a stream of carbon dioxide or coal-gas till all the iron is dissolved 
which takes place in ^ to 1^ hour, according to tho nature of the mineral. The forious 
oxide is then estimated by titration in the ordinary way with solution of permanganate. 
Tho method of solution here described is said to bo applicable even to ferric oxide 
which has previously been ignited. 

H. Allen {ibid. 57) regards this method as very exact, but suggests that it is better 
to titrate the solution of ferrous chloride -with potassium bichromate, since, as is well 
known, the titration with permanganate does not always give exact results, excepting 
when tho iron oxido is dissolved in sulphuric acid. Difficultly solublo ferrous com- 
pounds may bo dissol ved heating them with hydrochloric acid under pressure. The 
finely powdered substance is sealed up in a glass tube with fuming hydrochloric acid 
and heated, first in a water-bath, then to 140^-150°. 


3. Analysis of Chrome^lron Ore . — To estimate the iron and chromium in this 
ore, J. Blodget-Britton {Chem. News, xxi. 266) mixes 0*5 gram of the finely pounded 
substance with 4 grams of a fiux consisting of 1 part potassium chlorato and 3 puts 
soda-lime, and heats the mixture to bright redness in a platinum^ crucible for an hour 
and a half or longer. The mass, which does not fuse and is easily loosened from tho 
cruciblo by gontio tapping, is to be finely pulverised and drenched in a bookor glass 
with 18 C.C. of water, tho whole boiled for two or threo minutes, and mixed, on cooling, 
with 15 C.C. of hydrochloric acid of ordinary strength, which, on stirring, dissolves tho 
whole, except a little gelatinous silica. 

a. To estimate tho chromium, tho liquid containing all tho iron and chromium in 
the highest state of oxidation is diluted to 3 ounces in a {wrcelain basin, and a solu- 
tion of 1 gram of metallic iron in dilute hydrochloric acid is added, mixed with a 
quantity of water sufficient to raise tho volume of tho entire liquid to 8 ounces. On 
ntrating with permanganate, tho difference between ilio quantity of iron found and that 
which was weighed out gives tho quantity of iron converted into ferric oxido by tha 
chromic acid. Kvory 1 part of ferric oxide thus formed represents 0*320 part metallic 
clmimium, or 0*4663 chromic oxide. The iron, in the form of turnings, is dissolved in 
a test-tube dosed with a citoutchouc stopper, through which there passes a glass tulo 
bent at right angles. To accelerate the reaction, and ut tho sumo time exclude tlioair, 
the liquid is boated to boiling. ... - • i .j • 

To estimate the iron, the mineral, ignited witli the flux as before, is dissolved in 
15 C.C. hydrochloric acid after boiling with 10 c.c. water Uic whole of tho iron and 
chromium are reduced by zinc after cooling ; and the resulting ferrous salt is titwted 
with permansanato. For diluting the liquid previous to tliislasb operation, cold 
acidulated with sulphuric acid is used, as the end of the reaction is thereby rendered 
more distinct. 

4. Analysis of Pig-Iron and Steel, a. Estimation /roJ*.— F. Kesrier 

{Zeitwhr, anal. Chem. xi. 249-270) ^ects ^is by a modification of the ■ymumetric 
method depending on the use of potassium bichromate. Pure potassium bichroinateiB 
prepared by fusing the salt in a glass bulb placed in a bath of fused bichromate ; « 

inner part of the salt thus prepared is found to be perfectly dry and und^mpw^* 
A weighed quantity of this pure salt is added to the solution containing^ the iron t 
duced to tho ferrous state by the action of stannous idiloride, excess of this latter w S 
decoinposed by the addition of mercuric chloride), and then a normal 

gram per litre) of the bichromate is run in. Tho end of the reaction m notea oy ^ 
ing excess of bichromate, then a ferrous diloride solution till tho wiio colomc 
potassium ferricyanido reappears. If copper bo present in any qimntity, it m 
removed by precipitation with sulphuretted hydrojjen, before the iron is csnm 
Kessler estimates the oxidation-equivalent of potassium bichromate 
.fi,. Estimation <f Manganese.— "Fov this purpose Kessler employs 
tionsi— of 

a. A decinormal solution of potassium pemanganate, contaiidng 8*1® 

pure salt per litre. ' \ ^ ix-d amins ^ 

A A solution of antimonious chloride, prepared by ^*®®?*^**? 4 ^* 

pure antimonious oxido in concentrated hydrochloric acidt ^ 
to 1 litre. This solution is titrated against the 
Eolations of sodium carbonate, sulphate, and acetate are recjtityd, Kk 

tlvely 200 and 500 grams of the ciystallised salts per UtijS J AliO 
dilute acetic and hymrochloriG acids, sulphurous acid, aid 

0*60 gram of the iroi^r steel is. dissolved, the solutio^^a^ 
tmlisod with sodium; eimonate solution, until a sUgl 


as equal to 4,9’1. 
tlwfcltoirin**®*®' 
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dneed ; this U dissolved by caafions addition of dilate hyd^hlorie acid ; 1*2 c.e. of con- 

tra^d sodium acetate solution and 1*2 c.c. acetic acid, or in their place 3 c,c, of 
odium sulphate solution are then added, and the liquid, a^r dilution and boiling, is 
made up to 300 c.c. and filtered. 260 c.c. (b *56 gram of the substance) are placed in a 
600 c.c. flask; 160 c.c. water, 100 c.e. bromine-water, and 2 c.c. sodium acetate solution 
lidded; after an hour, 6 c.c. df the latter solution are added, and at the end of 
nuuther hour, 12 c.c. of the same substance ; the liquid is then warmed in the wator- 
liiith till all ezooBS of bromine is driven ofil The precipitate is collected and well washed 
vith dilute solution of sodium acetate. The filter, with the precipitate, is then treated in 
a porcelain basin with 6, 10, or 16 c«c. of the antimony solution, 15 c.c. strong hydro- 
chloric acid are added after a while, and the whole is digested till no trace of an un- 
decomposed precipitate remains. 100 c.c. water are then added, and the solution 
titrat^ with the permanganate solution. If the process is thus carried out, half the 
diflbrence between the number of c.c. permanganate corresponding with the c.c. of 
antimony solution used, and the number of c.c. of permanganate actually employed, 
gives tho percentage of manganese (1 c.c. of the permanganate being equal to 0*5 per 
cent, manganese). 

Cobalt, nickel, or copper, if present, is precipitated together with the manganese ; 
hut, except in tho case of cobal^ their influence on the manganese estimation is scarcely 
perceptible. 

Colorimciric Estimation of the Manganese . — ^Ficliard {Compt. rend. Izzv. 1821) de- 
•;ml)os a method depending essentially on tho conversion of the manganese into an 
alkaline permanganate, and tho comparison of tho colour of tlio rcsiUting solution 
with that of a similar solution containing a known weight of manganese : 0*1 gram of 
finely divided material is first carefully oxidised by calcination, and then fused with 
2 or 3 decigrams of sodium carbonate. Tho mass is dissolved in 6 c.c, of nitric acid, to 
which one drop of hydrochloric acid lias been added, and tho manganese is oxidised 
after the addition of 10 c.c. of water, by boiling tho solution for a short time with 0*6 
gram of lead peroxide. Tho clear liquor is subsequently decanted into a test-glass 
graduated iQto 500 c.c. The standard solution pf pormanganato is prepared of 
such a strength tluit 10 milligrams of manganese are contained in 1 litre of the solu- 
tion. 

.Specimens of iron, or of iron-ore, seldom contain more than 6 per cent, of mani^a* 
iieso. If, therefore, 0*1 gram of material be taken for analysis, and the solution 
obtiinod therefrom be diluted until the tint corresponds exactly with that of the stand- 
:inl liquor, then every 100 c. c. observed will represent 1 per cent, of manganese in 
the sample under examination. 


y. Estmation of Carbon in Cast Iron and Steel . — The mode of estimating the carbon 
hy dis.solving the iron in cupric chloride and oxidising the separated carbon by a 
chromic acid solution (iii, 372), has been modified by A. H. Elliott {Chem. S(w. J. [2], 
vii. 182). To avoid tho loss of carbon, which may possibly result from tho elimination 
part of it in tho form of hydrocarbons by the action of tho free acid in the cupric 
chloride solution, Elliott uses a solution of cupric sulphate, which docs not contain free 
removes the precipitated metallic copper by means of cupric chlorldo, 
before proceeding to oxidise the c^on with chromic acid solution. 

^ggertz {Dingl, pot. J. eixxx, 860} has devised a colorimetric method of estimating 
Mie carbon, founded on the fact that cast iron and steel dissolve in nitric acid wit]i a 
Moim colour darker in proportion to the quantity of carbon they contain : 0*1 gram of 
iron or steel is dissolv^, with aid of heat, in nitric acid of sp. gr. 1*2, and the 
. colour of the solution is compared with that of a solution of cast steel contain- 
^ 'tI- amount of carbon, both being diluted to the same degree. 

, 1 , “ ®ebhod has been modified by J, B. Britton (JHngl. polgt. J. cevi. 182J as 
uses sixteen glass tubes, inches long and { inch diameter, placed in a 
; those tubes are filled with a mixture of alcohol and water coloured 
wi^ solution in the first tube at the left side corresponds in colour 

in K containing 1 gram of iron with 0*6 per cent, combined carbon dissolved 
sjimn liquid in the next tuba to the right correspond with t^ 

of iron, but containing *07 per cent, combined carbon, dissolved in 
corTPaJH.” of nitric acid, and ao on, each solution varying in colour so as to 

vith fil / 1 increase of 0*2 per cent carbon. The back of the stand is covered 

white paper. 

Pum ^ obtained in fine powder, 1 gram dissolved in 16 c.c* 

specific gravity 1*42, diluted with 30 c.c. water. This solution^ la 
•a the test-tube 4 inches long and of a diameter the same as that of the tubes 
Caia tom? V depth of colour is compared with that of the standara solutKm, 

w taken that the nitric acid used is always of the strength given aboveij 
Y X a 
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tliat the liquid to be tested is at the ordinary atmospheric temperature, that the testin 
is performed soon after dissolving the sample, and that all circumstances under whicf 
the standard solutions and the solutions of the samples are made, are tiie same \ 
both cases. 

W. D. Hermann {Chefn. Soc, J. [2], viii. 375) considers that the carbon in steel mav 
bo most correctly estimated by combustion in a stream of oxygen, the carbon dioxide 
thereby produced being absorbed as usual by caustic potash. The iron is at tliesame 
time oxidised to ferric oxide, the amount of which is very constant, and serves as a 
check on the completeness 9f the combustion. 

3. Estimation of Sulphur and Phosphorus in Iroii.—k. H. Elliott estimates the sul- 
phur by liberating it in tlie forni of hydrogen sulphide, absorbing the gas in a solution 
of pore soda (prepared from sodium) and determining the hydrogen sulpJdde in tho 
acidified solution by moans of a standard solution of iodine {Chom, News, xxiii. 76). 

Meineke {^Zsitscl^. anal. Chom. x. 280) dissolves tho iron by moans of a solution of 
cupric chlonde, and determines the sulphur and phosphorus by precipitation. 

5 ^ms^ of iron in fine powder are dissolved in from 1 to I4 hour by gentle 
warming with a concentrated solution of cupric chloride. After carefully decanting 
off the iron solution, th^ separated copper is removed by the renewed addition of 
cupric chloride, cuprous chloride being formed, which is kept in solution by adding 
common salt. 

The insoluble residue is separated by means of an asbestos filter, wariied, throTv-u 
with the filter into a beaker, oxidised with strong nitric acid and chlorate of potassiuin, 
evaTOiated to dryness ; and in the solution filter^ therefrom the sulphur is estimated 
as barium sulphate. To the filtrate ammonia is added, which precipitates iron oxide 
together with the phosphoric acid ; this precipitate is dissolved in hydrocliloric acid, 
and the phosphoric acid estimated by a molybdic acid solution. 

The results obtained by this method show a somewhat higher percentage of sulphor 
than those obtained by the older process of driving off tho sulphur as sulphuretted 
hyditigen, absorbing it in an ammoniacal silver solution, and estimating tho sulphur 
in the silver sulphide formed. Meineke therefore supposes that, in tlio old process, 
there always remains a certain amount of sulphur not driven off as sulphuretted 
hydrogen. 

If phosphorus only is to be estimated, tho insoluble residue together with the 
separated copper is washed, oxidised as formerly, and evaporated to dryness with 
hydrochloric acid, and the residue is treated with aqueous ammonia. There is always 
sufilcient iron oxide present to precipitate all the phosphoric acid. In the hydro- 
chloric acid solution in which the precipitate is rc-dissolvod, phosphoric acid is 
estimated by a molybdic acid solution. 

F. Kessler {Beut. Chem, Ges, Ber. iii. 11) precipitates tho iron and accompanyiug 
metals in ac^ solution with potassium feirocyanide, and estimates the phosphorus in 
the filtrate : 6*6 grams of the iron or steel are dissolved in nitric acid ; the liquid is 
evaporated to diyness ; the residue dissolved in hydrochloric add ; the ferric solution 
reduced with hydrmn sulphide ; 42 grams of potassium feirocyanide ore added ; and 
the whole is diluted to 518 c.c. (the precipitate occupies 18 c.c., and therefore the. so- 
lution is diluted to 518 and not merely to 500 c.c.). 250 c.c. of the filtrate mixed with 
magnesium sulphate and ammonia yield crude ammonio-magpcksic phosphate, which 
must bo purified by solution in nitric acid, filtration, and predpitation with ammonia, 
and converted by ignition into magnesium pyrophosphate : ^ decigram answers to ip-c* 
phosidioniB in the iron. For further details of the process, see Chem, Soc. [«]> 

f 

«. Estimaiion tf Silicon . — Boussingault estimatos the amount of silicon 
iron and steel in the dry way, A quantity of the iron weighed out in ® 
is oxidised by ignition for several hours in a muffle, and tho resulting oxide is.^® 
ately heated in a stream of dry hydrogen chloride. The iron is 
chloride, while the silica remains as a pure white mass having the 
poiticles. Tho purity of the silica may bo tested by moistening it with 
sciil and a drop of sulphuric acid, and heating it ; if pure^ it will volatuiso 
residue 6’Aim. PAys. [4], xxii. 457). 

moir BmAUVROT. I. cast or Pig Zron. 1. 

Several important points relating to the Chemistry 01^^ 
Furnace have been explained by I. Lowthian Bell in a Lecture 
the' Chemical Sodety, June 1869 (Chsm. <^* [2], vii. 298). H® ^ 

oorreetiicss of the assumption made oy Scheerer, Tunner, 
existence of difierent cones of action in the blast-farnace,*^na3iUelyr ^ 
which tlie reduction of the oze takes place, and a lower. one,^itt w)iieh-;^ 
becomes carbonised,— on the ground that such an oMumption imphos 
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all tlio lumps of ore afi' a uniform nite. This, liowever, is prevented by the itiction of 
«lio lumps against tho sides of the furnaoo, and by their different forms and sizes; it 
j‘ likc^^'iso at variance with all practical expcrionco. Neither is it possible to admit 
tlio c:cistonco of distinct zones of temperature, inasmuch as the temperature at any 
tjjirlicular part must vary with the difierent chemical processes whicn go on, now in 
one part, now in another, accordingly as the stream of hot gases meets with greater or 
less resistance. Mr. Bell’s experiments indicate tliat the temperature required for tho 
reduction of iron oxide has hitherto been estimated too high. Cleveland iron ore, in 
lumps of the size of hcmp>sccd, converted carbon monoxide almast completely into 
dioxide, oven at 300^ C. and lost in 15 minutes 39p.c. of ks oxygen. In tho gases from 
ilio blast furnaco tho reduction of various iron ores began at the molting point of bis- 
muth, more quickly at that of zinc; but experiments made with ores in perforated 
boxes according to the method of Tuoner and Bbelmen, gave much less reduction ut 
tlic sjinio temperatures. ^ 

Mr. Bell further denies that hydrogen, ammonia, or cyanogen, plays any essential 
p;i]'t in tho roduction of tho ore. He linds tliat the temperature at which iron sepa- 
iMtcs carbon from its monoxide is lower than it has been placed by former observers, 
uiid tliat it liest between the melting points of lead and zinc (t\e. at about 360^). Tho 
nuioii of the iron with carbon takes placo simultaneously with its roduction, and tho 
conversion of the carbon into graphite depends only on tho temperature at which the 
fusiun and subsequent cooling take place. 

The composition of the gases collected at different depths of a blust-furnace exhibits 
considerable variation ; and it is only from the composition of those which issue from 
tho mouth that any trustwortliy inforouco can bo drawn respecting the chemical changes 
goiii;; on in tho furnace. 

The saving of fuel by tho use of tlie liob blast appears, from Mr. Boll’s observations, 
to bo duo, nut to tho production of a comparatively high temperature, but to the fact 
that tlm fuel which serves to heat tlio blast is completely burnt, and gives up all its 
heat of combustion to the blast ; whereas, in the furnace, tlio final product of tho com- 
bust iuii is only tho monoxide, not'the dioxide of carbon, and consequently tho heating 
clfitct of the samo quantity of carbon is reduced to one-third of its total amount. 
ATciiv^ovcr, tlic gasos from the moutJi of a furnace worked with tho hot blast cany away 
IcHs hcitt th;iri those from a cold-blast furnace, probably because the specific heat in- 
creases mpidly with rise of temperature, and an increased chaige of ore involves greater 
(ibsoi'ptioii of heat. As n consequence of tho preceding considerations, and in accord- 
Jincc witli extended e^orionce, it is recommended that tho height of blast-furnaces be 
increased beyond their usual limits. 


2. Utilisation of the Residues from the Burning of Iron Pyrites for 
Smelting in the Blast-Furnace . — An account of experiments made for this 
pnpjioso is given by E.Eiclitors(i3i«^/._po/. J. exeix. 292; Jahresh.f, Chem, 1871, 091). 
IIksu rusiduoH usually contain from 3 to 6 p.c. sulphur, partly in the form of iron 
inoiKJsuipiiirie^ if pyrites contained blende, in the form of unaltered zinc sul- 
plmle or of b.asic zinc sulphate. Arsenic and copper are also often present The 
must bo removed before tho residues are smelted for iron. The experiments 
jvero made in a bbist-furnaco in which 450 cwts. of iron were smelted daily with a 
I'liist-prnssiuo of 4 lbs. per square inch, a blast-temperature of 300®-400® C., a con- 
sumption of coke amounting to 150-1 GO lbs. to 100 IbS. of pie-iron, and with a po- 
uuetioQ of slag amounting to between 100 and 110 lbs. In aadition totho sulpur 
(|<)utamod in the pyrites residues, a considerable quantity was also introduced into tho 
charge from the ash of the coke, which contained from 10 to 12 p.c. sulphuric acid. 

’"ixod with tho pyrites residues consisted of magnetic iron ore, a small quan- 
irifr f band, roasted day ironstone, bqg iron ore, and red haematite. The work- 
wp 1 ^8 greatly impeded by Sie complete want of manganiferous ores, 

J P known to assist in eariyihg the sulphur into the slag. The fiicility 

^^‘‘^"sl^Brenco of the sulphur the charge to the slag depends veiy much on 
cas'T occurrence. Sulphur bele^ng to tho ore passes into the iron much more 
which is contained in the fuel or the fluxes. A high temperature of 
obta^”'^ fusion, and a basic constitution of the charM, are the chief condidons for 
^ fining iron os free as possible from sulphur from a SiArge rich in snljihur. 
cunt-i' ' *^^P°^i^onts under eonrideradon the object in view was to obtain a pig-iron 
iQoro than 0*04 p.c. sulphur, such as could be used in Bessemer steel 
ihti <^xpcrimentB were so conducted tlmt tho proportion of pyrites residues in 

fi,«] and the proportion of lime were gradually increased, till, on the one hand, 
liie otl^ of lime was forbidden by the difficult Visibility of the slag, and, on 

A cJiiinr^’ P^portion of sulphur in tho iron began to exceed the maximum assigned, 

ore ^“ich, independently of tho coke, contained 88-0 p.o. roasted magnetic iron 
•Jp c. pyrites residues (with 1*53 p.e. sulphur), 1*5 p.c. raw black-band, and 
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]^. limostonQi and in which, including the coke-ash, 4*6 paitf o( sulphur were 
present to 100 parts of iron, yielded a grey graphitic pig-iron containing O' 022 
sulphur* But as soon as the temperature of the zone of fusion was lowered, the ■uim 
became more basic, and pig-iron was obtained containing a higher proportion of sulpt^ 
The difficulty of transferring the sulphur to the slag does not increase in proportion 
to the amount of sulphur present. An increase of 0*5 to 1 p.c. in the charge may be 
removed by increasing tlie basicity of the charge from 0*1 to 0*2 p.c. ^ 

To obtain iron still more free from sulphur, a number of favourable influences must 
co-oporate, especially a high temperature. The same charge yielded at different tem- 
peratures pigs containing 0 019, 0*088, 0*096, and 0*221 p.c. sulphur. In the charge 
above s|^iiied the maximum quantity of lime was added, and the slag thereby ren- 
dered ^fficultly fusible. To ascertiiin wliether, with the use of a given quantity ef 
lime, a more acid and moro fiisible slag might not be used, clay capsules from a por- 
celain manufactory were added to the charge. It was found, however, that, aocmmiig 
to the quantity of burnt clay added, the amount of sulphur in the pig was increased 
to 0*037 and even to 0*110 and 0*116 p.c. 

The pig-iron obtained in these experiments was very rich in silicon : a result due 
simply, to the circumstance that the proportions of the charge which tend to remove 
sulphur from the iron are exactly those which tend to introduce silicon into it. The 
smallest proportion of sulphur in the iron obtained was 0*013 p.c., and this iron con- 
tained 3*185 p.c. silicon. 

Bichters has also analysed a blast-furnace slag very rich in sulphur, and the iron 
obtained from it, with the following results : — 


Slag 

Pig-iron 


siO” 

A1*0* ' 

CaO MgO FcO 

MnO 

CaS 

. 33*18 

13*28 

42*53 5*93 Q*22 

004 

5*00 

Fo 

0 (grai^lte) Ifn 8i 

P 

8 

. 93*631 

4*021 

0*791 0*961 

0*246 

0*079 


The slag was crystalline, light grey, and smelt strongly of hydrogen sulphide, especially 
when pounded. Although very basic, it did not disintograto in contact with the air. 
The 5*90 p.c. calcium sulphide contained in it answers to 2*62 p.c. sulphur. Never- 
theless, the proportion of sulphur in the iron smelted from it did not exce^ the ordinary 
limits. The result shows that oven with a highly sulphuretted raw material a good 
iron may bo obtained by proper adjustment'of the basicity of the charge. 


~ 3. Co coition of Pi^-Iron . — Investigations on the influence of the elements as- 
sociated with iron in the pig, and the part they play in the conversion of the pig into 
wrought iron and steel, have been published by K. Kiloy {Chowi, Soo. J, [2], x. 6$3). 

. Analyses of different numbers or qualities (No. 1 denoting the best qi^ity) of cold- 
blast pig-iron from the IjOW Moor Bowling works in Yorkshire, show that the eom- 
pomtion in the different numbers is practically tlie same^. the only apparent difference 
being h slight decrease in tho proportion of silicon as the quality becomes lower. 


Bowling Pig-Iron. 


Carbon, as graphito 

1 

. 3*421 

Carbon, combined 

. 0*583 

Silicon 

. 1*708 

Iron . 

. 92*070 

Manganese . 

. 1*606 

Phosphorus 

. 0*630 

Sulphur 

. 0*073 

Titanium . 

. trace 


9 

s 

4 

3*155 

3*361 

8*808 

0*581 

0*808 

0*810 

1*646 

1*382 

1*381 

92*644 

02*052 

93*292 

1*472 

1*475 

1-169 

0*686 

0*602 

0*602 

0*073 

0*070 

0*081 

trace 

trace 

trace 


The diminution in percentage of silicon with the quality of the iron 
apmrefit in hot-blast pig, as may be seen fsom the following analy®®® ^ w 
irhich likewise show that the proportion of sulphur is greater in the lower 


Pig-Iron from Seend^ Wiltshire. 


1 . 

I^flcon 

. 4*717 

Snlphor 

*086 

Phoqflmmi 

•867 

2 . 

. 3*659 

•077 

•917 

8 . 

. 3*200 

^96 

■968 

4 . 

. 3*140 

•106 

•724 

6 , 

. 2*257 

^160 

•926 

6 . 

. 2*197 

•248 

. -aoi r 


. Tn Welsh pig^inm also the percentage of sulphiir 
‘deteriofrates. 3"^ 
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Analyses of South Wales IHg from Clay Ironstone. 



Grey 

Mottled 

White 

Grey 

Carbon 

3*14 

206 

2-84 

3-08 

Silicon 

. 2*16 

1 06 

1-21 

2-22 

iSuIphur . 

. on 

0-28 

0-46 

009 

Phosphorus 

. 0-63 

0-63 

0-64 

0-63 

Iron . 

. 04*56 

05-39 

05-10 

94 35 

Manganese 

0-50 

0-23 

014 

0-33 

Nickel and Cobalt 

. 0*05 

004 

0-03 

0-07 


101-15 

101-48 

100-12 

100-77 


Those results toncl to sliow that the difforonco hotween grey and 'white east iron is 
due, at least in part, to the larger proportion of sulphur in tho latter. Difference of 
tciiiperatiiro in the smelting has, however, some effect, a high temperature favouring 
tho proihiftion of grey pig. Mr. Bell has shown, indeed, that white pig-iron may bo 
louvcrted into grey pig by exposing it to a very high tcniporaturo {Journal of the Iron 

ond l^tcellnstiUitG, 'How *11*1). 

It is generally admitted that tho best pig-iron is made from tho clay ironstones of 
tlio cojil-rneesures. Now this pig-iron coiit^tins T>oth silicon and phos^^horus, and Mr. 
Jiiley finds, by anal 3 'sis of various kinds of pig from which tlio best wrought iron is 
Tijudc, thafclheir average composition approximates very closely to that of the pig 
iiunic fnjni clay band ironstone. On tho other hand, pig iron which is chemically very 
jtui-c !iuJ nearly fr<!e from silicon and phosphorus, such as Swedish iron, yields very 
ri‘tl-sli<»rt wrought iron, and quite unfitted for tho inanufacturo of wrought iron of the 
liciiit quality, unless it be mixed with other kinds of pig-iion containing both silicon 
jind pliosplioms. These two elements appear theroforo to play an important part in 
the luanutacturo of iron. 

Siliuon, when x>rc.sont in laige amount, fis in Bessemer pig, reduces the percentage of 
(Virion ; in inferior pig-iron containing much #{ulphuT and pliosphorus tho percentage of 
f.irljon is alivays low. 

4. Condition of Carbon and Silicon in Pig-Iron . — It is well known that in 
Lrr.y pig-iron the carbon exists in two states, or graphitic, and combined, or in a 
i'latc of int imate mixture. The graphitic particles are much lighter and more friable 
I hull the iron, and may bo separated by pulverisation, sifting, and levigation : in many 
iiistunccii also they may bo picked out with the point of a knife. The following deter- 
iiiinationsof the proportions of froo and 'combined’ carbon in two kinds of pig-iron 
»ud in the lighter portions separated by sifting and levigation, have been made by Gr. 
fSnidus {dounuU of the Iron and Sled Institute, Feb. 1871» p. 28) : — 


Bessemer pig Ca;bon 

llidaiesborouehforgopig{®j;^^|[^ Caibon 


Original 

pig 

SiftingB 

Levigated 

powder 

. 3*19 

7-79 

21-27 

. 0-20 

0*17 

— 

. 2*65 

7-015 

41*320 

. 0-35 

03 

— 


Snclus is of opinion that the absorption of carbon by iron is rather a case of solution 
tliaii of definite chemical combination. 

Silicon im^iiriably occurs in pig-iron, and is nover entirely absent even in steel and 
l^'^Might iron. In ^od Bessemer and in tool-steel it rarely exceeds 2 or 8 pts. in 
hOOO. Tho following results -were obtained by the methods above mentioned ; — 


Anumnt of Silicon for cent, in— 

19 8 

Original Fine Levigated 

pig siftings pou'der 

West Cumberland Bessemer pig . 2-410 2-380 — 

Dowlais Bessemer pig • • . 3*849 3'639 3*168 

Middlosborougli pig « . . 1*816 1*610 1*219 

silicon, unlike the graphite, does not increase in the finer portions, but 
'luiu"**. 1 with the iron just as the ‘oombinod’ carbon does. Hence 

that the silicon is in combination or in solution in the iron, and is 
except perhaps in an exceptional case — ^found in the free state. 

(/fewf. Chem, Ges. Ber, v. 430)observdd in the fracture of a mil white 
1 ‘ Heinrichshiitte’ nearHattingenon the Ruhr, aggr^tions of 

octohedrons, which gave tho followiiig results by analysis 
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OrauhJto Carbon Silicon Sulphur rboophonu 

1 121 1-963 1*537 0*113 0*041, 


tho number of atoms of those elements and those of iron being in the ratio of 1 : 7*0 
whilst in tho crystallised iron from Gloiwitz, the ratio is 1 : 7*9 ; in that from Lod- 
ling, in Garinthiu, 1 I 12 ; in that from fic^oliiitto on tho Hartz, 1 1 19 ; and in iron 
from- Lauchliammor, 1 : 21. 

This seems to be a confirmation of tho view of Snolus (p. 695), also previously 
announced by Ilaminolsberg, thot cast iron docs not^ form doilnito^ compounds with 
carbon, but is a mixture of &e isomorphous elements, iron, carbon, silicon, and phos. 
phorus. 

Another whito cast iron which had been very slowly cooled under slag was also 
czystallisod, but not so distinctly as the other, and showed the peculiar netted appear- 
ance often scon in substances czystallising in the regular system. It contained — 

Carbon Bllloon Phosphorus Sulphur 

2-820 0-334 0*086 0, 


but only a trace of graphite. According to Karston, whito cast iron contains no gra- 
phite at all ; but this is not correct. Uromeis a. Raminclsbcig found that ‘ spiegeleisen’ 
from Maegdesprung contains 16*5 p.c., and that from Lohhiitto 28 p,c. of the total 
amount of carbon in tho form of graphite. 

5. Cast Iron rich in Silicon . — The variety of cast iron technically called 
* glazed pig,* generally contains from Ij to 2^ p.c. silicon, sometimes as much ns 
7-8 p.c. Its fractured surface is smooth to tho touch, and brighter as tho proportion 
of silicon is greater. Its production requires a very hot blast and a fhuc containing n 
considerable proportion of silica and alumina. Tho proportion of lime in tho flux 
must not bo too great, or tho silica will combine with it. Tho use of the alumina 
appears to bo to play the part of an acid in combining with the' lime. A charge of 
1,250 kilos, of ore containing 30 p.c. iron, with 100 kilos, coke and 600 kilos, flnx 
consisting of 50 p.c. silica, 33 lime, 16 alumina, and 1 manganous oxide (the ratio of 
the oxygen in the silica to that in the bases being as 26 : 17*6) yielded a very fluid 
casting containing 7-90 p.c. silicon, 0*72 phosphorus, and 2*60 carbon (S. Jozdan, 
Compt. rend. Ixxvi. 1086). . < • 

The necessity for a very hot blast in the production of this variety of cast iron is 
accounted for by tho fact that tho oxidation of silicon evolves a largo quantity of boat, 
and that consequently an equally largo quantity will be required for the inaction of 
silica to silicon (p. 637). According to Troost a. Hautefeuille, 1 gram of silicon burn- 
ing in oxygen to silica gives out 7|830 unito' of heat (p. 617); that is to^Bay,m^man 
twice as much heat as carbon evolves in burning to carbonic anhydride ; and 11, as 
often happens in metallurgic processes, tho carbon burns only to monoxide, it gives 
off about three times less heat than an equal weight of silicon burning to silu^ 

Cast iron rich in silicon (7 to 8 p.c.), heated in a lime crucible under a flame 01 
coal-gas and oxygen, refines quite quietly without, sparkling, tho surface 
bath becoming covered with an iridescent film, which is continually being torust touio 
sides of the vessel and replaced by a new coating. The refining of iron rich m carw 
on tho contrary, is attended with vivid sparkling. Tho cause of this aplfj" 
that tho carbon burns to monoxide, and this gas at the high tomperaturo of tne 
metal is absorbed by it and given up again in the cooler parts of the patli, 
witli it small white-hot particles of iron which appear as sports. SiUTOn, 
to Caron’s observations, decomposes carbon monoxide, which, therefore, in prwwM® _ 
silicon, cannot act in the manner just explained. Its action in preventing tw 
ation of sparks may bo immediately neutralised by addijig a eerty n quantity m 
ganiferous cast iron, which quickly removes the silicon (Troost a. Hhuteftuillef 

By fusing red hsematite with sand and charcoal, Biloy has succeeded in 
silicsdo of iron containing os much as 21*7 p.c. silicon. This compouna is q 
-’-ible in hydrochloric acid, and dissolves but slightly in aqua regia, even 

ing (Chem. Soe. J. [2], x. 549). . . ■ .1,- -irtit 

in Iron According to C. Bump (Arch. Pharm. 

m copper. This is especially tne case m 



commerce is not free from copper, xnis is especii^y nio 
with coke, since coke always contains iron pwtes, and the larte? ^ 

copper. In one case 100 grams of iron yielded OT gram copp”? 


Sw^ish iron (cast and wrought) and two kinds of Harts pig 

contained only traces of copper. 

6. Malleable Odsf./ren.-— The diflScultlyfuBible_pig<-iron 
at Ul-verstone In Lancashire may be rei ~ 
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agdng itf ftnd then heating^ the very hard metal in cast-iron crucibles witli pulverieed 
Qttiirtziferous red haematite in such a manner that u brig-ht rod heat may be attained 
in 24 hours. This temperature is kept up for three to five days. Por thick pieces, 
which are afterwards to be bored, the heating must bo several times repeated. The 
mcuil thus obtained is very much like good wrought iron ; its density is that of cast 
;roii ; colour somewhat lighter than that of wrought iron ; fracture mostly white and 
iine-grained ; pieces more than 8 to 10 mm. thick have an external zone of wrought 
iron with a nucleus of cast iron : thick pieces cannot, therefore, be welded. According 
to Wading, the metal to bo made into malleable cast iron must be as free as possible 
from silicon, phosphorus, and sulphur. The method above described is best adapted 
for aisdngs which are to retain their exact form after being rendered malleable ; but 
for metal which is afterwards to bo shaped by forging, a simpler method of preparation 
is to melt pig-iron with bar-iron (Dingl. pol. J. cxcv. 281). 

Poulct, Nagant and Co. prepare inailoablo cast iron by immersing the castings in a 
bath of easily fusible slag rich in iron {Genie induatriel^ 1870, Mars, 148). 

II. unrongbt Xron. 1. Preparation of Pig-Iron for the Puddling 
process. — J. P. Budd {DingL pol. J. exevi. 479) describes a method of preparation 
intended chiefly to diminish the proportion of silicon in pig-iron. Por this purpose 
the iron is run from the blast-fumj^e into moulds, on the sides of wliicli a paste of 
ground lia^matite and water (sometimes with addition of Chile saltpetre) has been dried. 
Tlio metal, when run into these moulds to the depth of 3^ to 4 inches, boils up strongly, 
gives out flames (? burning silicon), and a coating of slag is formed on theuisurface of 
tho puriflod cast iron. By this process the amount of silicon in white pig-iron may 
Ijc roduceil from 1 to 0*002-0 003 p.c. without perceptibly altering the x>roportiou of 
carbon. Pig-iron thus prepared is very easily puddled. 

P. Tunnor {IHngl. pol. J. cci. 245) describes Henderson's process, much used in 
North America, for removing phosphorus from pig-iron. Tho mould into whicli tile 
iron is run from the blast-furnace is filled to the depth of j to of an inch with a 
mixture of 1 part by weight of fluorspar and 2 parts of iron ore (red haemutito or 
roasted spathic iron ore), which is so finely pounded as to pnss^ through a sieve of 400 
meshes to tho square inch. Tho iron is rim from tho furnace in quantity^ sufficient to 
forma layer an inch deep in the mould. By tho high temperature of the iron, fiuorino 
and oxygen are said to be liberated from the mixture, and thereby tho silicou and 
phosphorus are volatilised. A pig-iron containing 2*3096 p.c. silicon and 0*4196 p.c. 
phosphorus yielded by this process a refined iron containing no silicon and only 
O'] 029 p.c. phosphorus. Tho bar iron prepared from it contained only 0*0087 p>G* 
phosphorus. 


Removal of Phosphoric Add from Iron Ores . — This may bo effected by treating the 
oros with sulphurous acid either gaseous or in aqueous solution. Tho phosphoric aci<( 
is then w.islied out with water and neutralised with lime, wdieroby a calcium phosphate 
is obtained lit for use in agriculture. Tho oros thus purified yield pig-irou free from 
phosphorus (J. Jacobi, IHngl, pel. J. cici. 246). 


2. Machine Puddling , — Several attempts have boon made to puddle iron by 
machinery, and fur some time past meclianical rabbles have been attached to puddling 
furnaces to assist the workmen in tlie heavy labour of stirring the iron ; their use has 
not, howevei', been very extensive, and they are useless for the purpose of bolting up 
the iron, which is one of Uio most laborious parts of puddling. 

Various inventors have used a revolving chamber so as to puddlo Uie iron mechani- 
cnlly, but with only partial success, the chief difficulty having been to obtain a suitable 
lining for tho chamber. The problem has, however, at length been successfully solved 
^^ukes, whose rotatory puddling furnace has for some time past been used in 

Mr. Lankes' machine consists of n revolving cylindrical chamber, made with Idi^- 
tuainol wedge-shaped recesses, which get medianically in retaining the initial lining 
m us place. This initial lijiing'may bo composed of any ore free from silica, ground 

And mixed with lime-cream; it is put in like mortar, and, when dried, becomeaa. 
c i^toiy and sufficiently coherent material to allow of the inner lining, or fettling, bejy^:; 
ad '1 vhhout either melting itself or breaking away from tho plates.^ 1^,5- 

to use an anhydrous ore for mixing with the lime, ns when a hydrate is ui^l. 
Ann. the water of combination driven off tho mixture becomes rather crumbly. 

LInnn 4 .U. .... i,. ^ -n A .1. . 1. 1 .^i ■_ 
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hwy, Imt aUo that their textnw ihall bo such that thqr do hot enunUs by htat; thh 
wav found to be the case inth ilmenitc. n j i » 

Best tap-cinder answers for this purpose very well, and when iron ores ^nnot be got 
f^e from ander, there is no doubt that iron scrap may be profitably oxidised for the 
purpose ; Mr. Dankes, indeed, uses scrap iron for this purpose. 

The furnace is provided with a closed tdsh^it, and the neces^ air is supplied by a 
fhn-blast • nine jets of air are introduced over the fire grate in front of the fiirnacound 
above tlie fuel, so that the puddler in charge of the machine can regulate the blast, 

and increase the heat when required. 

This furnace is a bad meltor of pig-iron, ns it takes a long time and consumes much 
fuel in using the machine. The pig should bo melted in a cupola, or run direct from 

*Afte^S*tho iron, a jet of water is directed against the limng on the dcMii.1. 
ins side, in order to chill a portion of the cinder and cause it to be earned undor tho 
iron This appears also to have the effect <rf carrying oft sulphur from tho cinder. 

When crev pigs are used, it takes about ten minutes for the boil te eommeuro ; mih 
white pig the timo is much less, on account of the eilicon pr^nt in the iron W low, 
and the W commences in two minutes after melting. Alter tapping ^ the anda. 
the cyUnder is set revolving, and the fire is urged ; the iron hemflH to ^,1 TOlen^, 
iind ie carbon quickly disappears. But little cinder is formed in this part of the 

nrocess. and most of it is removed with the ball. . 

‘The iemoval of tho iron ftom the chamber is effected by an ingenious arrangement 
comWiwofamovoable piece or door at tho back of the flue; Uus,onnimoval pemute 
SSbaU to be withdrawn by means of a ball fork work«l with a crane, by which tho 

ball is placed on a bogie and carried to tlieequeeaer or hummer. 

In l^r. Dankes’ machine tho puddling is efSicted entirely by tbefettling, the^bon, 
silicon, and phosphorus being oxidized almost entirely by it and the cinder intr^uced. 
The wparalon rf tlio silicon, sulphur, and phosphorus by this puddling machine la 

"“KlttlieiSr^^rte'^ghm^ 

cinder, the oxides of iron must be conver^ into 

yield ie increased ; thus 21-602 lbs. of pig gave of P“<ldle-^ “ 

- x* _ 1.1-- nnrl 1 111. of irou waa roducod from the leUnng. 



*k miitis of iron aa a ball from JJankea lurnace; mo cuaxe® umv- , 

pmldlo b^ll would weigh about 6S0 Ito. Mr. “iaU r 

for such masses of iron, consisting of an ei^ntnc grooved loUer, wittt WO smau 

ones, and a cam to tumble up the iron latemly. hnated can bo rolled 

over it. In some experiments made by ]p. Spencer, over 

ibnnd to be almost Completely Bepaiated ; from 

2 p.c. of phosphorus this element was reduced in tho puddle-tor to ^ j 

some of this ^s probably due to the cinder in tho pnddle-bar Oflsw 

^ ill. iitaal. 1- Manufacture from^g-Iron^An&^mB^<Aoto^^ 

used ft obtained by pa^ng po« 

the gaseous mixture thus produced being rich in hydrogen and ear t«nipo»' 

in nitrogen, free froih carbon dioxide, and capable at producing n ^ jjjcc- 

turo. By regulating tho draught over the surface of the heated 

ihg or an oxidising action may be obtained. The pig-ire® Ji*ititaaning ftohi ^ 

fuiiace. or from a cupola-fornace, on .to a hrarth capable of 

6 000 kilograms. By alternate treatment with the oxidising and toe 

the iron is from silicon, phosphorus, &c.. with ^ iftgM c^ 

SpWeleisenmeltrfonaumghlm^^^^^ 


termiuerby the kin-k of steel required. The waste hcatof^lW W . . . 

forheating the gases and the air by wbidi they are to b» W«V 
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2 . of Bessemer and Heaton S^cc^.— The two methods of mahti* 
facturo are alike in this respect, that the refining agents are brought into much more 
intimate contact with the iron than was possible in the old puddling process. Tho 
Bessemer process requires tho use of purer pig-iron than tliat of Heaton. Bessemer 
effects tho oxidation bj means of taiious oxides of iron ; Heaton by the use of salt- 
petre, which is dearer. Tho greater costliness of Heaton’s method is, however, ]^rtly 
fofflpensdted by the lower price of the less pure pig-iron which can be used in it (('. 
lIu.DmglfolJ.oxzY.VliS). 

3 . Uuofyetfomanganese or S^piegeleisen inthe Manufacture of ^teeL 
-Alloys of iron and manganese aro extensively used in tlie manufacture of steel. W. 
Henderson in Glasgow prepares tlieni by reducing a mixture of ferrous oxide and 
ni;mgAnous carbonate on the hearth of n Siemens' furnace, and fusing the spongy mass 
tfj a regulus under a reducing flame. It does not appear possible to obtain all tho 
niangancse of tho charge in the metallic state, a slag rich in manganese being obtained 
which may be utilised in subsequent operations. At tho works of tho Torre noire, la 
Vuulte and Besieges Company in France, iron alloys containing 23-25 p.c. mangancso 
are prepared by Henderson's process, and used for tho manufacture of steel. The pig- 
iron is worked direct from tho blast-furnace, and tho re-heating and sorting are avoided 
hytho use of large quantities of manganese alloys. The steel produced is soft and 
spcfifilly available for tlie manufacturo of boiler-plates, armour-plates for ships, &e. 
I’rom experiments by W. Fairbairn it appears that this steel is inferior to the best 
sorts in tenacity, but tliat this deficiency is compensated by greater extensibility and 
malleability. It appears to be particularly well adapted for wire-making (F. Kohn, 
Vingl. poL J, cxcviii. 205 ; cc. 280). 

4. Gasce evolved in the Bessemer Pfoccifs.— The gases evolved from tho con- 
VorttT at various stages of tho process have been examined by G. Snelus {ibid, ccii. 
H.i), A fir(j-proof tube was sunk into tho converter deep enough to prevent tlie access 
of tlie external air ; and the gas given off was passed through an iron tube into glass 
tubes in which the quantities required for analysis could bo scaled up. The results of 
the analyses are given in the following table 



I. 

11 . 

m. 

IV. 

V. 

VI. 

CO* 

2 min. 

4. min. 

Cmiu. 

10 min. 

12 min. 

14 min. after the 
beginning 
of the bloit 

10-71 

8-57 

8-20 

3-58 

2-30 

1-34 

0 

002 

— 

— 

— 




CO 

■ — 

3-95 

4*52 

19-59 

29-30 

31-11 


88'37 

J 0-88 

2-00 

2-00 

2-10 

200 

Nf 

<8658 

8u-28 

74-83 

06-24 

65-55 

Hydrocarbons 

— 

— 

— 

— 

— 

— 


The accompanying spectra exhibited tho fdlowing characters 

h n. III. IV. V. VI. 

tontmuous Sodium Sodium Complete Complete Spectrum 

Spocti’um lino Potassium Spectrum 

Lithium with 
lines Carbon 

lines 

Tliese analyses show that at the commencement of the blast, nothing but carbon di- 
18 formed, afterwards chiefly carbon monoxide, but no hydrocarbons. Snelus 
. that this proportion is independent of the temperature, which is lower 

j "“ loginning of the blast than afterwards. Alteration, of tlie tomperdture pro- 
spectrum. Observations on these r^ults have been made by 
■ Williams {Chem, iVSww, xxiv. 174), and J. Parry (ibid, 203). 

^74, 182) i^es the following zesnlts of observation of 
e><8emep flame with tho naked eye and with the spectroscope 
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Time in Minutes 

Naked Eye 

Spootroscope I 

Pirst stage 



0 to 4 

Small flame visible 

Faint continuous spectrum, 
witli sparks proceeding from’ 
ignitccl metal 

4 to 6 

Small pointed flamo 

Bright spectrum with flashes of 
tho sodium lino 

5 to 8 

Unsteady flame with explo- 
sions 

Spectrum bright, sodium lino 
permanent, red lithium uiul 
potassium lines 

Second st*igo 


8 to 10 

Bright dense flamo 

Besides the linos above men- 
tioned, bright carbon lines » 
appear in tho red, green, and 
blue 

10 to 14 

Flamo bright in the lower 
part, but less dense 

The greon carbon lines brighter 
than before 

Third stage 


14 to 16 

Flame less bright and smaller 

The carbon lines in the green 
become indistinct 

16 to 18 

The flame disappears: blast 
discontinued 

The bright carbon linos in the 

1 grocn disappear suddenly. 
Spectrum continuous 


The observations of the alterations in the flame afford the. moans of ascertaining tlio 
precise moment at \i'hich the blast should bo discontinued. 

Similar ubsorrations on tho spectroscopic appearances of the Bessemer flame linvo 
been inodo by J. M. Silliman (8Ul. Ant. J. [2], v. 207; C^t. News, xxii. 313 ; xxiii. 
5), who has also studied the colours of tho flamo whon viewed at different stages of thu 
process through yellow and blue glassos. Ho points out that both tho coloui's tlms 
seen, and the lines in tho spectrum, disappear in tho reverse order to that in which 
they wero devclopod. The similarity of the appoamnee of the flame and its spectrum 
in tho last stage to that which it exhibited at the beginning is the chnmcteribtic indi- 
cation of tho termination of the process. The colours and linos disappear much fiistor 
than they appear. 

fi. Phosphoretted Steel . — The properties of phosphoretted steel have been ex- 
amined by li. Grunor (Compt. rend. Ixx. 571), with the following resnlts : — 1. Phos- 
nhorus to the amount of 2 or 3 parts in a thousand renders steel strong and clastic. 
It increases the elasticity and extensibility without altering the hardness. Steel of 
this kind, however, is dofleientin tenacity, and is brittle without being hard.^ 2. To 
judge of this want of tenacity, it is not suMcient to submit tho steel to a longitudinal 
stretch or to transverse pressure, but it must he subjected to the action of a blow or a 
Ihrust. 3. Tlio quantity of saltpetre employed in Heaton’s process is not sufficient to 
remove tho whole of the phosphorus. 

6. Burnt Iron and Steel . — This term is applied to iron which has been damaged 
by re-hoating, or by being excessively heated and exposed in tbo puddling furnace 
balling. . ^ 

Burnt iron is brittle, it displays the so-called ciystalline si 
fibrous structure and sill^ fracture of good iron. When steel ^ 
yellow or trhito heat, and then suddenly cooled, it becomes brittle, and no lo^ 
capable of tempering, and is worthless for the ordinary uses of steel until iwain 
to a welding he»it, rolled or hammered, and allowed to copl mradually. 
has a coarse granular fracture, tlio facets of tlio granules being, for, tlie 
either rounded or conchoidal. • . j i 

W. M. Williams {Cheni. Soo.J, [2], ix. 700) infers, from the oxaminaitiM ofOW^ 
and Bteel, that the burnt iron ig 
It steel 

He attributes the change in both coses 


' number of samples of burnt iron and 

out by ferric oxide, and that burnt steel is much poorer in carbon than . 0 

IT 4.1.^ j.. Xl-- .fi !.• .......Maw 'li 


to the absoi'ption of oxygen . by 

. _ _ in Lne one case co lerric oxide, in the other to carb^mP*^^^ 

When such steel, still containing carbonic oxide, is quickly cooled, 

inod, giving rise to tho cavities called f toad’s ejei.' 


metal, giving rise in the one case to ferric oxide, 

When such steel, still < 
of gas may be zetained| 

* Dr. W. M. Watts has lately shown that the lines in tbb speethnh,, viw 
lines, are rshlly due to the presenoe of an oxide of masganego (los 
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Newsi zzlr. 250) considers tliat the oxidation taking place in 'the interior of a 
joaBS of iron is duo, not to free oxygen, but to carbon dioxide, vhich is always present 
ia tlio furnaces together with monoxide ; if the dioxido prodominatos, oxidation may 
take place, but in presence of excess of carbon monoxide the burning of the iron is 
impossible. Hiley {Chem, Soc, J. [2], x. 561) failed to discover the presence of oxide 
ill burnt iron, and thinks that the change in burnt iron is moro probably due to the par- 
ticles of iron becoming soft enough to arrange themselves in a highly crystalline form, 
»iid tliat possibly some gas may remain between the interstices of the crystals. Brittle 
iron may bo rendered fibrous by mechanical working, and fibrous bar iron may bo 
made red-short by fusion. In considering the quality of wrought iron and steel, it is 
therefore necessary to look to the mechanical treatment to which it has been submitted, 
as veil as to its chemical composition. 

II. Caron {Compt rend, Ixxiv. 662) finds that good fibrous wrought iron, whether 
heated in the funiace of an ordinary forge, or in a porcelain tube through which 
nitrogen or hydrogen is passed, has a crystalline structure after cooling. All the 
pieces thus treated, whon forged at a rod heat or broken cold, exhibited the same 
qualities and the same defects, and all were restored to thoir primitive state by heat- 
ing to whitoncss. ^ Since thou burnt iron is obtained by heating iron in a reducing as 
W1 as in an oxidising atmosphere*, its properties cannot well be attributed to oxida- 
tion, but appear rather to be aue to a modification of its molecular structure by heat. 

7. Spitting of Steel . — The following explanation of the spitting of steel during 
solidification is given by Caron (Compt. rend. Ixx. 451, 453, 1263). Even in a re- 
ducing flame containing a largo proportion of hydrogen, iron is oxidised by the water 
contained in the flume, and ^e ferric oxide thus produced reacts with the carbide of 
iron in such a manner as to produce carbon monoxide. This gas, developed during 
tlio fusion in the interior of the mass, breaks through the thin solid layer of metal, 
aiicl thus produces the spitting. The carbon oxide is not absorbed by the iron during 
fusion and given oflT again on solidification, but is continually evolved during the 
fusion. Tho same phenomena take place even when every trace of excess of oxygen 
is prevented from coming in contact witli the metal, by the use of lime dishes instead 
of porous crucibles. Tho fused ferric oxide in tho lime dish likewise exhibits the 
phenomena of spitting on cooling. Ferric oxide can, therefore, absorb gases during 
fusion and give them off again on cooling. The nature of these gases has not yet been 
(Iclcrmined, but the spitting of steel is perhaps due to tho thin layer of oxide formed 
during the fusion. 


IV. Preparation of Malleable tron and Steel direct from tbe Ore. In 

[he ht Sup 2 )l, p, 756, a description is given of Siemens’ method of obtaining malleable 
iron and stool direct from tlio ore, by feeding the ores (oxides) mixed with carbonnee- 
oiis materials into a reverberatory furnace tiurough hoppers of fire-clay, the intention 
king to effect tho reduction of the ores into spongy metal during thoir descent, and 
tne.fusion of the spongy metal so produced, on tho open hearth of tho furnace, pig-metal 
0 to facilitate tho fusion. It was found, however, that the quantity of heat 
which had to bo transmitted through the sides of the flro-day hopper was so great, 
tiiJit tho process of reduction proceedod very slowly, and the hoppers themselves wore 
wpiuly destroyed by tho intense heat of tlie furnace. The reduction of the metallic 
'S? p'osod chambers of this or any other form which has been tried cannot be 
c ucted in loss than about 36 hours, and that at a great expenditure of fuel for heating 
tho chamber externally. 

MX) result led to the adoption of another method of producing 

drip moans of a rotative furnace. This furnace consisted of a long cylin- 

kick 1 ' ^ about 8 feet diameter, mounted upon antifriction rollers ; the 

aud it was provided with bngitudinal passages for heating currents of air 

flame ’ ^ combustion nt tlie one extremity of tho rotating chamber. The 

prush passed thence to tho opposite or chimney end, where a mixture of 

carbonaceous material was introduced. By the slow rotation of this 
Bmdrnfil ° "yi^turo advanced continually to the hotter end of the chamber, and was 
Ibctorv ^ reduced to spongy iron. This dropped tlirough a passage constructed of re- 
™^teml on to the hearth of a stool-melting furnace, where a bath of fluid 
<^arbon i 4 ?*^ provided. Tho supply of reduced ore was continued till tho 
arrestod *1 fixture was reduced to the minimum point. Tlie rotation was then 
contents descent of reduced ore ; spiegeleiscn was added; and tho 

^his f ^ inelting Aimace tapped into a ladle and thence into ingots. 

Bn f furnace was erectM at the Landore Works in Sheffield in 1860, and 
^’rely reduction of the ore was accomplished in a compara- 

time. A difficulty, however, presented itself, which led to its immediate 
ent; it was found that ther iponjy metal produced absorbed sulphur from 
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the heating gases, and was rendered iin£t for the production of steei ; the spongy iro- 
moreover, upon its introduction into the steel-melting furnace, floated upon ^ 
metallic teth without being readily absorbed into it, and was in great part reoxidised 
and converted into slag by the action of the flame in the furnace. 

These experiments showed that the successful application of reduced ores could not 
be accomplished through their conversion into spongy metal. On the other hand, it 
had been observed that in molting iron ores no sulphur is absorbed from the flame; nnd 
it was ultimately found that by molting ores mixed with fluxing materials in a fur- 
nace so arranged as to accomplish its fusion in a continuous manner, and on a large 
scale, the fused oro might bo acted upon by solid carbonaceous matter, so as to sepa- 
rate the metallic iron in a moro compact form, while the eartdiy constituents of the ore 
would form a fusiblo slag with the fluxing mnteri.'d. Experiments proved that this 
reduction by precipitation of tho iron could be accomplished only at an intense heat, 
exceeding tho welding heat of iron, but that the iron so produced was almost chemi- 
cally pure, although the ores and tho fuel used might contain a very considerable pe^ 
centago of sulphur and phosphorus. 

The rotatory furnace in which the smelting is performed consists of a set of four 
ragonorators, of Uie construction shown in the Isf Sup^L (p. 756). The rotatiro 
chamber, a vertical section of which is shown in figure 1 7, is constructed of iron, and 
rests upon four anti-friction rollers. Whcol-gearing is applied by which either a very 
slow rotative velocity of from four to live revolutions per hour can bo imparted to tho 
chamber, or a more rapid velocity of about 60 to 80 revolutions per hour. Tho 
chamber is about T 6" in diameter and 9' 0" long, and is provided with a very xyjfrac- 
tory lining made of bauxite mixed with about 3 p.c. of clay, or water-glass, and 6 p.c. 
plumbago (p. 126). 

Fio. 17. 



A tap-hole is placed on the working side for discharging the slag 
whore it is received in vessels mounted on wheels. At the two 
cylindrical rotative chamber with its truncated ends, are large orifices, oaf 
' on the side of tho regenerators, servos for the introdoetion of the heatiri 
as well as for tho exit of tho products of combustion, and the other, 
platform, is closed by a stationary door hung before it in the usual naitterf.^ ' 
This rotative furnace is worked as follows: — , \ j ^ 

The ore to be smelted is broken up into flngments not ezceediflg 
beans ; to it is ^ded lime or other fluxing material, in sudi propdcUoH 
ganguo contained in tlio ore and flux combines with only a little proOT® 
basic and fluid slag. If tho ore is haematite^ or contains silica, it is to fod 
in the shape of aluminous iron ore ; manganifarous iron ore tna^^'hlioi 
advantage. A charge of about 20 cwts. of ore is put into the ffnioeawto 
while it is slowly revolving. In about forty minutes this cfauge of ^ 

material will have been heated to bright redness, and at this 
6 cwts. of small coal of uniform size f^not laiger than iii}tB).!aif aidaeH; .tO gy 
whilst the Totatite velocity is increasea in pfder to- acc»Iegata;.>iha^lil!!^ 
ore. A rapid reaction is the result : the ferrie ^de being Muefl td 
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wins to metallic iron is precipitated by each piece of 

^on, M'hilc the fluxing materials form n fluid slag with the siliceous gangue of the 
‘^rp The slow rototivo action is again resorted to, whereby the mass is turned over 
Hoci over, presenting continually now surfaces to the heated lining and to the flame 
vithin the rotator. 

During the time of this reaction, carbonic oxide gsis is evolved from tlie mixture of 
oro and carbon, and heated air only is introduced flrom the regenerator to effect its 
(omhusbion witliin the rotating chamber. The gas from the gas-producers is entirely 
or almost entirely, shut off during this portion of the process. When the reduction 
of the iron ore is thus nearly comjloted, the rotator is stopped in the proper position 
for tapping off the fluid cinder ; after this the quick, speed is imparted to the rotator, 
vhcrcly tJio loose masses of iron contained in ih are rapidly collected into two or throe 
moialltc balls. These aro taken out and shingled in the usual way of consolidating 
puddlocl balls ; the furnace is tapped again, and is ready to receive another charge of 
oru. The time occupied in working one charge rarely exceeds two hours ; and sup- 
posing that 10 cwts. of metallic iron is got out per charge, the apparatus is capable of 
turnii5g out at least 5 tons of puddled bar per diem. If anthracite or hard coke is 
availaljle for effecting the reduction of the ore, it should bo crushed much finer than 
vhon coaler brown coar is used, the idea being that each particle of the reducing 
agent should be fully consumed during the period of chemical reaction. If wood is 
used, it has to bo charged for the same reason in still larger pieces. 

If it is not intended to make iron, but cast steel, the balls may bo tiansfezred from 
t]>e rotator to the batli of a steel-melting furnace in their heated condition, and with- 
out subjecting them to previous consolidation under a hammer or shingling machine. 

It is feasible, however, to push the operation within the rotator to the point of ob- 
tfiining cast steel. Tf this is intended, the relative amount of carbonaceous matter is 
somewhat increased in tiie first instance, so that the ball, if shingled, would be of the 
nature of puddled stool, or contain even some carbon mechanically enclosed. 

If now, after removing the cinder by tapping, from 10 to 15 p.c. of ferro-mapganeso 
or spiogelciscn is thrown in, and the heat within the rotator is rapidly raised by urging 
the iullux of heated gas and air from the regenerator, the metallic balls will soon bo 
seen to diminish, and presently a metallic bath only will bo found in the furnace, 
wliich may bo tapped into moulds and hammered and rolled into steel blooms or bars 
in the usunl manner. Experience alone can determine which mode of working will 
ultimately prove the best ; but it is probable that, for the production of cast steel on 
a lai^escalo, it ’will always be more profitable to transfer the metallic balls to a sepa- 
rate melting furnace, a series of rotating furnaces working in concert with a senes of 
Btecl-melling furnaces, to produce charges of 5 to 6 tons of fluid steel. 

In comparing upon tliooretical grounds tliis method of produciug metallic iron with 
tho operation of the blust-furnaco, it will be at once perceived that, whereas in the 
bliist-furnace the products of combustion consist chiefly of carbon monoxide, and issue 
ii'inn tlie top of the furnace at a temperature exceeding 360 °, tho result of combus- 
tion in the rotative furnace is carbon dioxide, which issues from the regenerative 
fnniaco into the chimney at a temperature rarely exceeding 1 76 °. This proves at once 
't great possible saving of fuel in favour of the proposed^ method, and to this saving 
has to be added the fuel required in converting pig-metal into wrought iron by tho 
pudflling process. 

It may, however, be asked why tho rotating furnace should admit of the complete 
combustion of carbon^ whereas in the blast-furnace such complete combustion is, as is 
known, not possible, because each atom of carbon dioxide formed would im- 
f split up into two atoms of carbon monoxide by taking up another atom 
t present. The following explanation will servo to elucidate 

rotative furnace streams of carbon monoxide are set up within the mass 
and this gas on reaching the surface meets the current of intensely 
proceeding from tho regenerators, and effects with it perfect combustion 
into f ^ space of tho chamber. The carbon dioxide thus generated comes 
contact with carbon ; consequently, it cannot bo split up, but is'drawn 
ihe cite into tho chimney, while the evolved heat is taken up by the sides of 

namber, and transmitted by reverberation and conduction to the mixture of ore, 
and coal. 

tiou are. therefore, two things to be accomplished, viz., the deoxida- 

^ fusion of the earthy xnatter mixed with it. Taking, for example, 

consisting of ferric oxid^ ^th 10 p.c. of silica, the quantity of carbon 
V for its^ reduction will be determined by the formula 

niicb • ' ■■ + ac, ' 

. 2Fe + 8CO. 
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According to this formula, the consumption of carbon (taking Ha atomic weight at 12 
and that of iron at 56) amounts to : 

? ■ ^ = 0*32 lb. per lb. of iron reduced. 

9 X 66 ^ 

The heat absorbed in this reaction amounts, according to Debus, to 892 units per lb. 
of iron produced ; but, on the other hand, the further combustion of 0*32 lb. of carbon 
from the condition of GO to that of G0‘ by means of the free oxygen introduced into 
the rotative chamber from tlie regenerator, yields : 

0*32 X 5,600 = 1,792 units of heat, 
leaving 1,792 — 802 ■■ 900 units 

available for heating the materials and for molting the slag. 

Tho quantity of matorials to bo boated per lb. of iron produced would amount to— 

Ore ... 1-59 

Lime or other fluxing materials . • . .0*16 


Total 


1-75 


and taking the specific heat of as 0*1^4, as determined by Kopp, and the tom- 

perature to which the matorials have to bo raised us 1,500° C., tlio heat required for 
this purpose would not exccod 

1‘75 X 0154 X 1,500 » 404 5 units. 

To this consumption would have to bo added the latent heat absorbed in liqucfpng 
the slag. The i^g would amount to 0*16 lb. silica and 0*16 lb. lime »0'32 lb, ^rlb. 
of iron produced ; and, although we have no precise data from which to ascertain tho 
latent heat absorbed in liquefaction, wo can hardly estimate it at more than 150 units 
per lb., or at 0*32 x 150 = 48 units, which, with the above 404*5, makes 462*6 units, 
or 447*5 units under the 900 heat-units which are available, proving that 0*32 lb. of 
pure carbon would, theoretically 8]^)cakiiig, amply suflico to produce 1 lb. of puddled 
bar from ordinary haematite ore, without counting, however, losses of heat by radia- 
tion and from other causes. 

In the production of cjist steel three operations are essentially involved, via . : the 
deoxidation of the iron, the fusion of tho slags, and tho fusion of the metal itsolf 
with such proportion of carbon and manganese as is necessary to constitute steel of 
the temper required. 

The theoretical quantity of fuel required to accomplish these operations wonld 
exceed that of making wrought iron, by the fusion of heated metal, which may bo 

estimated at about 1,000 units, or at ? — 1*26 lb. of carbon per lb. of steel pro- 

duced, which have to bo added to the 0*32 lb. used in reduction. In fine, a ton of iron 
ought to bo producible from hoematite ore with 6*4 cwts. of carbonaceous matter, of 
about 8 cwts. pf common coal, and a ton of cast steel with 8*91 cwts. of carbon or 8«y 
11 owts. of coal. ^ ... itf 

These figures may never be completely realised; indeed, taking ipcidenwlC«w uy 
radiation, through Wporfoct combustion, and through imperfect absorptioh^of 
into account, we find that the actual consumption exceeds the theoretical linuU 
three times, or that a ton of iron can practically be produced with a consumjptiw* 
26 cwts. of coal, and a ton of cast steel with 40 c-irts. of coal ; but this consumptopn 
represents a groat reduction as compared with other methods of prodiu^on* ' 

Chem, 8oc, J. [2] xi. 662-678.) 

ZSATXir. On tho constitutional formula of this body and its reduction to 
blue, see Indigo (p. 666). '*■ 

znTBZOarZC BCZB. Oxethylsulphonio acid, C*H«SO««CH*OH.CH^Sjr 
The sodium salt of this acid is formed by heating the hydrochloi^e of ethjleas 
(cthylene-clilorhydrin) with sodium sulphite to 170°-180® in sealed tubes:; 

ClP.OIt CH*.OH 


I + NaSOMfa - NaCl + | 

C.Cini CH*.SO*Na. 

The evaporated solution treated with boiling alcohol ^jrields sodium 
wUdi the pure acid may be obtained by treatment with snlphiutic acidf 


whidi the pure acid may be obtained by treatment' with siUpliuric 
exhaustion with alcohol, saturation with barium carbonate, and dec^P^J^ ; , 
resulting salt with snlphuric acid (A. Collmanny Amu 016. Phatmu \ 
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CH*OH.CH*SO*NH^ melts, accordiDg to Strecker. at ISO®, 
and when heated to 210® gives off water aod is converted into taurine, C^H^NSO* 

I V. 699)> Seyberth, on the other hand, states that it melts at 135®, is not altered 
i,y lioiiting to 210®-280® for several days, but when heated to 2S0®-240°, is decom- 
posed -with frothing, and converted into isethionamido CH“OH.CH®SO*NH*, isomeric 
vith taurine {Deut, Chum, Gea. Ber^ vii. 301). 

Homologues of Isethionic Acid. — Amgl^ethionic acid, C*II”SO* « 

C1PS0"II, is formed by the action of sodium sulphite on amylene-chlorhydrin (Falk), 
and by the action of sulphuric anhydride on amyl alcohol (E. Schwarz, p. 65). 

Methgl alcohol is strongly attacked by sulphuric anhydride, but when the action is 
iiiiulo to go on very slowly by pressing the anhydride into a narrow glass tube, and 
iulroducing tliis into a wider tube containing methyl alcohol, crystals form after a 
ulillo, apparently consisting of motbyleno sulphite CH“(SO*)* ; these, however, after* 
\v:ird8 disippear, and the alcohol becomes more viscid ; and if, after all the anhydride is 
nhsorbed, the liquid be diluted with water, boiled for some hours, saturated witli barium 
(•:irI)oiiato, filtered, concentrated, mixed with alcohol, again filtered, and then left to 
stiiml over sulphuric acid, a hygroscopic crystalline mass is obtained, which may be 
jiiirificd by rocrystallisation from dilute alcohol, and probably consists of barium 
lucthyl-isethionato. Similar results aro obtained with butgl alcohol (Schwarz). 

Vropyl-iscihUmic add-, C*n*SO* «■ 0®H*OH.CH“SO*n, is formed by tho union of 
propylene oxide with the acid sulphite of an alkali-metal C*H®0 + HSO*Na =» 
C*il‘'OH.SO®Na (Erloiimoyer, Aim, Ch, Pharm. clviii, 260). 

MOBXimBT. See Biuret (p. 193). 

XSOCl^ABB. A basic calcium phosphate, 40a0.P"0^ + 5H"0, said to come from 
JoHchinisthiil. Forms colourless triclinic cr^’sUils, having a specific gravity — 2‘Od, 
hiinlncss al'd (F. Sandberger, J. pr. Cheni. [2], ii. 125). 

XfiODnrABBTBTXi. See Naphtuyi,. 

IflOMOftramC. Structure of IsomorpJious Xckule (JDeut. CJmiu 

Ges. licr, ii. 652), from an examination of tho isomorphism of certain ferrous salts with 
niAgncsium or calcium salts, was led to infer that a like crystallino form does not 
ncctiijsnrily imply a similarity of tho molecules on all sides, but may be a coiiscquenco 
of partial similarity, and perhaps even of similarity on one side only of the molecules. 
Thin viow is supported by certain observations m^o by H. Baumbaucr {ibid. v. 869) 
on -tho form of tho corrosion figures produced by the action of solvents on various iso* 
moTplious crystals. . Those corrosion figures aro mostly microscopic hollows bounded 
by regular surfaces, tho form of which evidently bears a certain relation to tho general 
I'roportious of symmetry of the crystal. The figures produced on isomorphous 
crystals always exhibit a certain similarity of form, but have not alM'ays tho samo 
positieii relative to the surfaces of tlio crystal. Thus there is no important difference 
bttwoon the figures produced by water on the isomorphous members of the mono- 
clinic group, including sulphate of iron, sulphate of iron andammonium, sulphate of nickel 
potassium, and sulphate of nickel and ammonium. The figures correspond in 
position, although the analogous surfaces of tJiese bodies do not behave in exactly tlio 
Rimo manner (which is in accordance with tho slight differences of angle existing be- 
tween thorn). In particular the figures on tho two latter salts resemble each other 
Twy closely. 

calcspar, dolomite, and spathic iron ore exhibits a contrary behaviour, 
ityarochloric acid produces on tho rhombobedral clejivage-plancs of calcspar, hollows 
01 tlio form of an isosceles triangle, with tho apex towards the terminal summit of tho 
I'p'st^l. Similar figures aro produced by hydrochloric acid on tho -rhombohodral 
f cavage-pUines of spathic iron ore, but in this case the base of the triangular hollow 
^ towards tho terminal summit of the ciystal. Acconling to Haushofer, dolomite 
’»? aves similarly to spathic iron ore. 

i rosemblHiice or diflkronco in the position of the corrosion fibres in those 
norphous bodies appears to point to a resombluuco or dif&ronco’ in tBc stnicturo or 

«*«lcculapformofthe%Btal8. 

UOOTAITATBB, or OAMZMlBBB. AUgUtriethgUmU 
^^^^^bopkosphamidc, p |c*]^, formed by the union of ullyl sulphocarbimido (voltt* 

triethylphosphino (iv. 611), is resolved by heat into U-icthyb 
P 'Ho intlphide, wid the leonithl rf the allyl series : 

Sic;. [CS.C*H*.(C»H*)*]NP - (g’H*PPS + CsN-CH*. 
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The isonitrils of mRthyl, ethyl^ and amyl are formed in like manner. On mizinff tli 
corresponding sulphocarbimido with triothylphosphine, a rise of temperature tab 
place, and the odour disappears, owing to the formation of a compound Hnalogoug ^ 
the Bulphocarbophasphamide above mentioned. When the mixture is further heat^ 
under pressure, mugniiiccnt crystals of triethylphosphine sulphide arc deposited on 
cooling, and at the siime time the pungent odour of the isonitril of the series is de- 
veloped (Ilofmauii, Zeitschr,/, Clum. vii. 29). 

X80PBTBAUC ACZD. See Phthalic Acid. 

ZSOPTIBPUBATBS. See Puiipuaates. 

ZftOPns. Uudor this name are included various massive minerals fonnd in ' 
European collections. The original specimens from 8t. Just in Cornwall, to which tlie 
name was given in 1827 by Haidinger, were analysed by Turner, who found in Ihcm 
47-69 p.c. SiO», 13-91 APIP, 20 07 Fe»0“, 1*94 CuO and 15-43 CaO (Si. 436). The 
colour of this luiiicral is jet-black^ with a few red spots resembling those of blood- 
stone ; lustro vitreous; streak pale grey; hardness 0'5 ; sp.gr. 2-912; fi-actiire con- 
ch oi'dal ; slightly magnetic. One specimen occurs on granite associated with tour- 
malin (S^ciiorl). An analysis by Maskelyno a. Plight (C'4wt. Soc. J, [2], xi. 1049) 
gave : 

SiO- A1’'0“ Fo*0* FcO CuO MgO K*0 Nn"0 Li-'O OuO P. H*0 

uncoiii- cfini- n; ’ 

blncd lilncil 

14-33 31-82 12-59 3 03 15-91 13-21 1-66 1 15 070 trace 1-10 2 28 0-86«08-66. . 

The reaction of the mineral with potash showed that 1519 p.c. of the silica i|ras 
present as opal, and that it w-as mixed with a mineral approtiching in composition to 
the felspar type. 

Other minerals designated as isopyro consist mainly of silica. 

a.^ Prom St. Just, Park brown, compact, massive, and with conchoidal fractnroaud 
sonii-vitrcous lustre. It carries opal in botryoidal forms in cavities, and a dendritic 
accompaniment, probably of pyrolusite, or jperliaps melaconite, occurs occasionally ns 
an infiltration. Native copper occurs with it very sparsely. Ilurdncss = 7- Contains 
SiO* Fc*0* CuO 

93-04 3-23 1-38 2*72 = 10037. 

Part of the iron appears, however, to bo present as monoxide : the powdered mineral 
has a buff colour, cluinging on ignition to light brick-red. 

Prom iSuckasunny, New Jersey. Park olivo-greeii compact mass, with a con- 
choidol and rather splintery fracture, slightly translucent, and with a waxy lusUe. A 
similar mineral from the same locality closely resembles the brown Cornish variety in 
colour and characters. The ^een variety, wnen finely powdered, is of a pale greenish 
grey colour, changing by ignition to buff. It contains : 

SIO* Fo^O* CaO MgO H*0 

92-79 2-10 0-35 0*35 407 = 09-66. 


No portion of the small amount of iron in this mineral appoan to be present w moD- 
oxide. 

A liver-brown mineral (7) associated with. one (6) having the appearance ^of 
and also coming from St. Just, closely resembles the mineral a. The jasper-li 0 
mineral associiited with it presents in parts the dull aspect and other chaiacteff 0 
massive ferru^nous quartz ; elsewhere its characters are those of a jasper opal. 
ochre, pyrolu.sitc, and melaconite accompany it in the former specimon8 ?“*”**- 
biliccouM matrix with some of the characters of a gossan, and is associated with 
and a finely grained chlorite and ferric oxide. 

These tw-o minerals have the following composition 


Silica 


7 

. 73-16 

Alumina . . . 


. 0-06 

Ferric oxide .... 


. 9-53 

Perrons oxide .... 


. 10-02 

Lime 


. 0-30 

Jdsgnesia 


, 0-11 

Water 


. 5-46 

Coppof oxide .... 


09^ 


8 

76-22 

9-05 

»-86 

0*22 

d-20: 
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treatment inth potash, 7 left a residue amounting to 25 p.c., and 5 one of 
25-63 p.c. It is evident that these minerals consist of opal in different degrees of 

^osenco of 'ferrous oxide in all these varieties of opal may explain the mincr- 
slogical similarity to which thoir association under the name of isopyro in our collec- 
tions is duo. Their source has probably been mineral waters charged at onco with 
silica and a ferrous carbonate. That tliey are only the more characteristic specimens, 
occurring in large deposits of tlie same kind, is evidenced by the character of the lodes 
charged with copper ores at Botallack or the Bilston mines, where the neighbouring 
granites offer the conditions for furnishing the material (Maskclyne a. Flight). 

XBOPTItliraa An alkaloid obtoined by boiling the maslicd roots of Isopyrum. 
tkdictro'ides with water, filtering, evaporating to a S3»riip, and precipi tilting with 
ammonia. The isopyrinb may be dissolved out of the dried precipitiibo with ether. It 
has a bittorluste, and forms an amorphous hydrochloride. 

PaeMdoifioptjrine . — ^Wheii the residue obtained by boiling the roots with water is 
digested witii alcohol, the resulting liquid evaporated till all alcohol is removed, 
ammonia added to the watery residue, and the ensuing precipitate treated with 
ether, another alkaloid i.s dissolved out, which cr^'stallises in stellate groups of needles. 
The two alkaloids may, if present together in solution', bo separated by adding very 
ililuto hydrochloric acid and ammonium chloride, whereby pscudoisop^Tino only is 
lh^o^vn down as chloride. 

Tlioso alkaloids have not yet boon further examined (F. A. Hart sen, C/iem. Cenir, 
1872, 523). 

Sea Tauaine. 

fNH 

B| CII*N*0 = C< NILOII. (Lossen a. Schiiibrdccker, Zeitschr. Jut 

LH . 

CAm. \ii. 594 ; Ann. Ch, Pharm. clxvi. 295). A base isomeric with urea produced 
ly digesting an alcoholic solution of h^drozylamine with strong hydrochloric acitl at 
40°-r)0°. On evaporating the liquid, isurotino is deposited in largo crystals which 
miiy be prifiod by rccrystallisation from aqueous alcohol. 

I»iirclino is very soluble in water, less soluble in alcohol, slightly in ether, insoluble 
in beoxenc. It has a strong alkali nu reaction, and melts with incipient decomposition 
nt 104^-105°. The crystals, which somewhat 
rcsfmblo those of urea, have been examined by 
Klriu (Awn. Ch. Pharm. clxvi. 179). They havo 
very smooth faces, wliich reflect moderately w'ell, 
but after a fow minutes* exposure to the air, be- 
come dull, from absorption of moisture, and the 
previously sharp edges begin to melt off. The 
Hugular measurements are thorefore attended with 
consiilorablo difficulty. 

The crystals (fig, 18) belong to the rhombic 
system, a : 5 : c = 0-65663 ; 1 ; M2041. Funda- 
incntril angles : ooP : ooP = 113® 30'; ?oo ; ^oo 
=^83® 30'. Observed facjSSiooP (w), too (a), 

I jjl* ('’)• **iorc rarely OP, still more rarely r ?. Char- 

prismatic in the direction of obP. Colour 
>to; only the small crystals are perfectly 
ansparent. No distinct cleavage perceptible, 
ino piano of the optic axes is a h. The first 
Fjtive median line is at right angles to the per- 
imri li'* truncation of the acute lateral edge, 

J, coincides with 5. The optic axes 
moro divergent for the red than for the J?lue 

®ry remarkable is the occurrence in this body of the rhombic sphenoid, 1 which 

®uch more frequently developed than its correlative, r ? . Here, indeed, it is im* 

PjJsiMo to overlook a certain tendency to hamihedxal formation, which is coi^on to 
bodies, urea and isuietine; in the former the quadrafao pAmary 
Sow- occurs as a sphenoid. 

wns of isuretine give with copper euipikate a dirty green, with ieed nitrate a white 

S18 


Fio. 18 . 
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precipitate, with mercuric chloride a precipitate which is at first bulky and yello^gii 
wliito, afterwards denser and dark yellow. ■ Witli silver solutions no precipitate is 
deposited, but on applying heat the silver is reduced. Ferric cldoridc gives a reddish 
brown colour, which disappears on addition of hydrochloric acid. ^ 




excessively soluble in water, molting at about 60®. The cxdphate^ (N-CH^OVH^SO^’ 
mid oxalate, N='CIPO.C^O»H*, and jxicrate, N^OffO, C«H’'(N0*)»0. are all emtah 
lisablo. ^ 

Decomposition hp Heat , — Isuretine heated beyond its melting point, readily decom- 
poses, evolving a small quantity of permanent gas, and giving a considerable subliniato 
of ammonium carbonate. A yellowish amorphous residue is left, from which boilinp 
water extracts a yellowish substance very slightly soluble in water, and presenting i.ho 
composition and essential characters of ammclido, N®C“H"0*. The portion of tlio 
residue iiisoluLlo in bulling water has subsbmtially the composition of ammeiidc. This 
residue boiled with nitric acid famishes cyannric acid. 

Decomposition by Hot Water . — A solution of isuretine in its own weight of water 
evaporated on a water-bath undergoes dccom^x>sition, with evolution of nitrogen, am. 
monia, and carbonic anhydride. Thu mother-liquors contain urea, ammonia, guanidine, 
and other substances apparently uncrystallisablo. When dilute solutions are employed! 
Very little urea is formed, the isuretine takes up the elements of water, and a solutioti 
of ammonium formate is produced ; liydroxylamino, NlPO, which is formed at the same 
time, being represented only by its products of decomposition, viz., nitrogen, ammonia 

TV&tOX* * 

Cn^N^O + 211*0 = Cir{NH^)0* + NH*0 

A similar reaction takes place when isui'otiiio is boiled with dilute sulphuric acid, 
formic acid distilling over, and tlio residual solution containing ammonia and hydroxyl- 
II mine. 

An aqueous solution of isuretine, shalcen up with benzoyl cMoride, deposits di bonz- 
hydroxamic acid, NH(C*H^0)*0 (p. 155). 

ZTAOOmc JLCZXIf C*H"0*. When a saturated solution of potassium itaconateis 
submitted to electrolysis, carbon dioxide is evolved from the positive electrode, to- 
gether with a modification of allylene W’hich docs not precipitate aminoniacal silver 
nitrate. This allylene unites with bromine, forming a dibromide, C*H^Br*, and this, 
when licatod with excess of bromine, forms a crystalline tetrabromido, C*H*Br'. 
During this reaction a small quantity of hydrobromic acid is formed, indicating prob- 
ably that the allylene is accompanied by propylene. After the electrolysis has pro- 
ceeded for some time, a modification of allylene capable of precipitating ammoniuciil 
solution of silve]; nitrate is evolved. This may perhaps bo duo to the decomposition 
of mosaconic acid, w’hich, together with acrylic acid, is found in the solution after the 
electrolysis. No pyrotarturic acid has hitlicrto been found among the products, but if 
wo suppose it to be formed, the propylene, carboi^ dioxide, and acrylic acid may bo re- 
garded as products of its decomposition : — 

C-H'(COOH)® + - C»H«(COOH)* 

Itoconicncid Pyrotartario acid 

C*H-(COOH)* = C»H» + 2CO* -t- 

Pyrotarturic acid Pro- 

pylene 


C»II«(COOK)* + 0* = C*H»(COOir) + 2CO* + 11*0 
Pyrotartario add Acrylic add 

PoUssium citraconate gives by electrolysis carbon dioxide and an allylono COTtainiug 
nil atom of hydrogen replaceable by metals, apparently also acrylic and mesacohic 
Potassium mesaconate gives carbon dioxide and allylene, W'hich is precipitated Py *1 
silver solution. The other products of the decomposition are probably acryhc an 
itaconic acids. i • 

The formula of the three allyleiics is not decided, but the one obtained frmn itoco 
acid is not identical either with ordinary allylene or with those °^^***5^* ; 
citraconic and mosaconic acids (G. Aarland, J. pr. Chem, [2], iv. 376 ^ vi- 2o6» 


^ nre- 

Neutral itaconnto of soilium or ammonium gives witli ferric q/fhd 

cipitote splublo in excess of the reagent. This solution irhon heated iteaepQW^ 
precipitate, which, however, dissolves again as the solution cools (Aarland)- 
Itaconic acid in moderately strong solution heated for sonie honxa with 
tasBium su/pAifr, yields the potassium salt of sulpho-pyrotartarie 
which is obtained as a syrupy liquid by evaporation, and as a gunxiny M^-V^“ 
icipitatibn with alcoliol ( Wieland, Ann. Ch. Dharm. dviL 84). - ' of 

When itaconic acid is heated with anhydrons hydrocyanic acid to a tenip^r*r 
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SL syrupy mass is obtained, \irhioli, after exposure to the air to allow the cx- 
eeBS of hy^ocytanic acid to es£'ai>o, yields by fractionation citrn conic acid. The 
fl\Tupy probably contains a hydrocyanic addition-product, OH’NO*, although all 

■UtL'iiipts to isolate this compound failed ; but if this syrupy ninss is allowed to remain 
linder the air-pump till it has lost the odour of hydrocyanic acid, a gentle warmth 
suffices lo reproduce this odour, and treatment with soda cyiuscs the liberation of 
ammonia and the production of mesaconic acid (Barbaglia, iJeut. Chem^ Gca. JSer, vii. 
465). 

XTAMAUC ACXBf ChlixritMvalic acid^ is obtained by 

passing chlorine into a solution of sodium itaconatc, adding hydrochloric acid, evnpo- 
ratiiig^to dryness in a retort over tlio w'atcr-lmth, and exhausting tho residue with 
eihcr! The ethereal solution after some time deposits chloritamalic acid in tho crys- 
t.il!ino form. 

Cliloritamalic acid differs from chlorocitramnlic acid in forming very much smaller 
crystils, and in not giving a crystallino precipitate with barium acetate, even when 
tho solution is very coucentrated. It forms salts with difficulty, chiefly because of its 
prouciiess to decomposition in presence of bases. 


J 


JTADSXTS. iSce NnrHniTK. 


JETFSBSOirZTE. Tliis mineral, a variety of augiio (iii. 443), occurs at 
Franklin, Now .Jersey, in lamirue fornictl by tho cleavage of inonoclinic crystals in the 
(lirectiuri of (ho orlliopinacoid ooPoo . Tho cleavage is perfect in this direction, diffi- 
cult in tho direction of the clinopinucoid (ooPoo ). Angle ooPoo ; ( ooPoo )=** 90® 46'. 
The mitioriil is translucent in thin lay’ers, with a vitreous lustre, and breaks with .an 
unctuous but unequal fracture. Colour, deep green ; hardnc.ss, 6‘»0 ; density, 3’C3. 
heforo the blowpipe it melts to a slightly magnetic black enamel, and gives witli 
Bodium carbonate and nitre a strong reaction of manganese. It is not attacked by 
iicids. 

Analysis gave — 

BiO^ APO* CaO MnO FeO MgO ZnO n*0 

45 95 0*86 21-65 10-20 8 91 3 61 1016 O S.I « 101-57 

The oxygen ratio calculated from these numbers le.adB to formula RO.SiO-. The 
pei'cciitagoof zinc hero given is much larger than that found in former analyses (Pisniii, 
Vmipt rfnd. Jxxvi. 237). 

JBKVZO ACZ1>« An acid occurring in white hellebore root (p. 641). 

7ESVZKE. This alkal<dd, first obtained by Simon from the root of yerairum 
(iii. 445), exists also iu J'", ivWdie, from which may be prepared pure by tho 
tijlhmiiig jiroccss : — Tho finely powdered root is thoroughly exhausted witli strong 
siml till’, tincturo is evaporated to a small bulk, acidulated with acetic acid, and 
iiiixod with ■water. Tho resin thereby precipitated is separated by filtration ; tho fil- 
irate is concentrated, and rendered strongly alkaline witli sodium carbonate ; the ro- 
siiUiiig precipitate is dried, and boiled with strong spirit, till nothing more i.s dis- 
solved : the iilcoholic solution is ovapiorated to dryness ; and tho residue digested in 
hot. vevy dilute sulphuric acid. The granular powder, which separates on cooling, is 
iyi-^’ino sulphate, w-hicli, after washing, is decomposed by boiling it with strong solu- 
bon of sodium c.arbonat.e. * Jervino then separates as a granular powder, which is 
^■aBhed, dissolved in acetic acid, and again precipitated by ammonia. 

When .a minute fr<agment of jerviiie is moistened oh a glass slide, with a drop of 
Btmng sulphuric acid, it changes first to a straw-yellow, and then gradually to a gresp 

S?’’’ reaction is characteristic and delicate (C. Mitchell, PAarm, J. Trans, iv. 

lOG), 


. ^OLaiTDZC JA.CZB. An acid said "to bo obtained from the bark of 

and described as crystallising in short orange-yellow needles, apparently re- 
' ^ *^hrysophanic acid (Thiebauld, Pharm. J. Trans, [3], ii. 1033), 

in «?*■?“***• A minor.al occurring in the Frederiko Jnliane Mine, at Budelstadt, 
small botryoidal crystallino nggi-egations, penetrating calcite or covering 
mineral. Crystalline characters, indistinct ; form, cube in combination 
con/i Hardness very small. Brittle. Fracture, splintery or slightly 

“fnoidnl. .Specific gravity, 6‘12. Colour of fresh surface, dork lead-grey, with a 
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slight tingo of red, soon turning black. Composition : copper, 52'208; iron, 0*787 • 
silver, 0*038; sulphur, 26*003; arsenic, 16*782; antimony, 1*421 ■■ 98*320. The 
deficiency, 1*601 per cent., is believed to be duo to loss of arsenic, and calculated is 
such in the formula, (ViAs. Ag’)®S*. 

.Tulianite is isomeric and isomorphous with bornite (H. Wobsky, Jahrbuch f. Miner- 
alogie, 1872, 218). 

jruxrzpm. E. Doimth {Dingl. pol. J. ocviii. 300) has analysed tho berries of 
Jvnijicrvs communis U'itli the following result : 


Water . . 

. 29*44 

Essenrial oil . 

0*01 

Formic acid . 

1*86 

Acetic acid 

0*94 

Malic acid 

. 0*21 

X'ut, resembling wax 

0*64 

Green resin . • . 

8*46 

Hard brown rosin . 

. 1*29 


Juniporin 

0*37 

Pectin . 

. 0*73 

Protein substances . 

4*45 

Sugar 

. 29*65 

Cellulose ' 

. 15*83 

Mineral constituents 

. 2-33 


9711 


•K 


XAZXnTBf MgSO'.KCLSH'O. This double salt^ originally found at Stissfiirt 
(Is/ Bup2il. 764), occurs also at Kalusz in Galicia, in two liorizontul bods from 70 
to 80 feet thick, without any intervening layer, and mixed with only small quantities 
of rock-s;ilt. 

The first three of tho following analyses are by K. v. Hauer {Jahrh, geol. Reiehmn- 
stalt, XX. 141). A, gives the composition of tho principal deposit consisting of granu- 
lar bhiok-brown masses with small yellowish and white spots ; H, light yellow laminar 
particles often occurring in gi*oat numbers ; C, honey-yellow tninsparcnt imbedded 
particles occurring but mrely. D, is an analysis of tho same by Tsebermak (H'icJi. 
Acad. Ber, (1 Abth.) Ixiii. 311). E, is tho composition of the pure salt calculated 
according to the formula above given. 



A 

B 

C 

D 

E 

SO* 

20*46 

20*26 

32*24 

32*34 

32*19 

Cl 

28*01 

30*84 

1603 

14*56 

14*28 

MgO 

10*16 

10*17 

16*12 

16*76 

16*10 

K 

16*38 

13*07 

15*25 

15*66 

16*69 

Na 

7-97 

11*60 

0*69 

0*03 

— 

Water 

.14*36 

14*12 

21*37 

20*73 

21*74 

Clay 

3*41 

0*16 

— 

— 

— 


100*76 

100*22 

100*70 

100*07 

100 


One part of water at 17° dissolves 0*467 part of tho anhydrous crude kaioite; tho 
density of the saturated solution is 1*256 (v. Hauer). ^ 

According to A. Jacot {Compi. rend, Ixxiii. 095) the bods of Kaluflz yield daily 
than 1,000 Austrian contners (81,100 kilos.) of potassium chloride. 


See SYNOENIT& 

- " Tho nut of the New Zealand karaka tree (Corgnoearpua 

though poisonous in its natural state, is one of the staple articles oi 
used by the natives. Tho nuts are pnrrially baked in earth ovenSj 
'some time in a stream of water, which removes the poisonous matter, and finally on 
and stored for use. . . 

Tho bitter substance, kar akin, removed by tho water crystallises in 
radiate needles. It exhibits the characters of a glocoside rawer t^n those w 
alkaloid (W. Skey, C^tetn. Nem, xxvii. 190). 

On tho estimation of iodine in kelp liquors, see Iodikb (p. 872)^ . 


\ are formed by the actioh ”it 

irides of acid-radicles (Is# . 


Fonnaiion , — As ketones 

pounds of tho alcohol-radicles on the chlorides _ - 

might bo expected that they would also be formed by the action of 
compounds on the oxides or anhydrides of tho same acia-radiblei^ ; 
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„ (CH'CO „ (CPiP 
iOH*CO + 

Acetic oxido Zinccthrl 


2CO jOHV 

Metbyl-ftHiyl 
kcftiJiio 

Siytzflff, lioirevep, fmds (Zeiischr. f. C/tem. [2], vi. 104) that tho action of ready-formed 
on acctic oxide docs not yield any definite product; but by brinmnff the 
.iccric oxido in contact with zinc-<?tJiyl in the nascent state, wliich may be cflSctSl by 
licatirig a nnxtiiro of ctliyl-iodido and acetic oxido [2C-H*I + (C”TP0)*01 in a cooled 
vfsj’cl witli jiulveriscd zinc-sod iiiin, tho desired result may be obtained. The reaction 
is complete in 20-30 hours, and on carefully mixing the contents of tho fiask with 
wiircr, distilling and treating tho distillate with potash, an oil soiinrates, part of wliich 
distils below 100®, and fonns a crystalline compound with sodiuni bisulphite Tho 
kftene sepn rated fi-om this compound by potash boils at 77-80'’, and lias the com- 
position of nicthyl-ftthyl ketone, C^H"0. 

TJh^ sjuno profloHs, with tho substitution of methyl-ioclide for ethyl-iodide, yields 
roimnon acetone, 

Jveti.ncs containing phenyl may bo formed : a. By the action of mercury-clipbeHvi 
(XlS'* niei-cury-diphonyl and benzoyl- 

(CTP)'-TIg + 2(C®H^.COCl) ^ HgCl® + 2(C®II*.CO.C®II*‘) 

(R. Otto. C/icm. [2], i. 141). 

P. Tly licating a mixture of an aromatic hydrocarbon and benzoic acid with phos- 
phorus pentoxidc, e.ff. : 

c®ii« + c®ip.(!ooii = n-o + c*ip.co.C‘-Tr 5 . 

Ilcnzene Benzoic noid Diphcn3 l-ketouc 

In liko^maiincr tolyl.phe«ijl ketone, C’H’.CO.C*n», may bo prepared from toluene 

Resisting K. Scliniidt’s mctlicd of preparing ketonea by heating tlio calcium anlt 
(p. 22«) '^'***’“"**"'® calcium carbonate in an iron tube, see Butyhokb 

’^*‘""““*"‘*'"•'>1? only normal alcohol-radiclos is 
. H U nr.’ni^b,^ f yr dichromnto and dilute aulphuric acid, twolinty 

dVo#; l«i 766)niu«f’ 

CH*.CO.C*Il>' + o* = CH*COOH + 

Acetic aiMd Vnleric 

acid 


ATothyl-amyl 

ketone 


C*H*.CO.C*H^ + O* - C»ff.COOir 

Kthyl-propyl Propionic 

ketone acid aeiu 

experiments, and a comparison of the results obtained by Kolbo, 

iliriOlIinOA’er. Itut.InivtTir an^ Wanlr-luTM ^ -m . . * 


+ C*H«0». 
Propionic 
acid 


pi) 


"tirt/ Tv ^r «»PW"nentB, ana u comparigon of the results obtiuned by Kolbo, 
r ^ “"tlcrny, and Wanldyn, Popoff (/<»«. Ch. Fkarm. clii. 285; 

In .heT^:,t7 T- conclusion ' 

■'f'oavl fK f alcohol-radicles united with tho 
■‘I'.Tl, viz. : lollowing general fotmulm) is phenyl or methylj or in some cases 

CIP— (CH»)-— CO— B 
— -CIP— (C1I=)"— CO— R 
=CH— CO— R 

lie cab ^ ' CO— R; 

^iiliscd. If thlTAfi with the radicle R, while tho other radicle is 

acid - if radicle belongs to a normal alcohol (1), it is oxidised to a 

li'pliol-radicie f (2), it yields an iso-acid ; a secondary 
I'litup, w Jn like manner yields a ketone; and a tortiaxy radicle (4) is 

acids or of by distilling a mixture of the calcium salts of two 

■ •'ilcohol-radi-i ?? «cid, or by tho action of the sine-componnd 

' [“1‘ni the ketnnft ° chloride, tlio acid-radicle yields tho carbonyl lequir^ 

‘."'IS ^-ith thfl ni ’ ^ 1 ketone is subjected to oxidation, tho carbonyl re- 

oxidigftri ®®hol-rndicl 0 R, while the other alcohol-radicle derived from tho 
^loohol-radiclM ° TT**® ^ of the oxidation of ketones ; or, in other woids, 

s. lienee the preparation and oxidation of a properly chosen ketone 
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furaiblicM tlio means of first so{^nitiiig tho oxidised carbon from an acid, and Uien 
oxidising tJio alcoliol-radiclo iiniUfd with this carbonyl in such a manner that the 
constitution of the acid, and thoruforo, nlso, of tho corresponding alcohol, may bo in< 
ferred from the products of oxidation of tho ketone. 

As an example of this method of determining tho constitution of acids and alcohols, 
Popoff describes tho I’cnclions of the phenyl-ketone from the valeric acid obtaintsd 
from fermentation amyl-alcohol. Tho amyl-alcohol boiled at 130-131*5® and had a 
potatory power =« —2*4°; tho valeric acid obtained from it boiled at 174-176®, and 
had a rotatory power =:= +4*4®. It consisted, therefore, in peat part of tho optically 
inactive acid. On distilling a mixture of tho calcium salt of this acid with an equi\-a. 
lent quantity of calcium benzoate,' and rectifying tho distillate, a liquid was obtainod 
boiling at 225-226®, and haring the composition of butyl-phenyl ketone, C*H*.C0. 
C“H\ This liquid yielded, by oxidation, benzoic and iso-butyric acids, tho latter 
being recognised by tho charaetdt's of its calcium and silver salts. A small quantity 
of acetic acid was likewise proihiccd. 

The formation of benzoic acid shows that the cjirbonyl and phenyl groups remain 
united in tho biityl-pbenyl ketone. The production of iso-butyrje acid proves that 
iso-butyl was present in the ketone, and, therefore, in tho valeric acid and in tho amyl- 
alcohol. Since the v.alericacid employed consisted mainly of the intictivo modification, 
and since iso-biityric acid was produced in quantity, it follows that the inactive valeric 
acid and tlio inactive amyl-alcohol contain iso-butyl : 

CH^ . cn» 

>CH— CH»-CO’H, ^CH— CH»— CIP(0H) 

Acid Alcohol 

This result confirms tho conclusions of Erlonmoyor, Frankland and Duppa, and 
Butlerow, respecting tlio constitution of fermentation arnyl-alcohol. Tho acetic acid 
wsis perhaps duo to impurity in the product, or to a secondary and irregular oxidation 
of the ketone, or to tho presence of a small quantity of active valeric add. This pos- 
sibly may bo etliyl-methyl-acetic acid ; 



CH-C0*H, 


the ketone of which would certainly yield acetic acid. 

•On the compounds of ketones with Mercuric Oxide, see Acetone (p. 13). 


Sec Sean (p. 126). 

„ A mineral found by A. Simony in tho rock-salt of Ilnllstatt has 

been recognised by Tsehermak {Jahrhuch f. Mineralogies 1871, 758) as kioserito. 
is found in coarse-grained yellowish masses, the cavities of which are lined with iuoto- 
clinic crystals whose axes alb l c 0*91474 : 1 : 1’7445; angle ao = 88 ^ 

habit of tho crystals resembles that of lazulito, and is determined by the fiices — 

+ P, with +4P, -Poo , and (Poo ) subordinate. Hardness greater than 3. Analysis 
a is by Tsehermak 5 by H. Wieser 642) ; o gives the values calculated acco 
. , : 


ing to tho formula MgS< 
80» 

<7 . . 07-92 

b . . 67-87 

c . , 5707 


MgO PcO 
29*09 — 

28*89 0*06 
28*99 — 


Fo»0- Nn-0 
0*25 — 

— 0*06 


Cl H-O 

13*40 « 100*66 
0*06 13*24 « 100.16 

— 13 04 « 100 


Sp. gr. of fl — 2*569 ; of 6 = 2*5645. 

Kieserite forms about 12 p.c. of the refuse salt (AbrauJHsah) ot l "5 JL 

separated thcrefroin by its sparing solubility in cold watw. This ^ 

been boiled down to extract the potassium salts, the residue is placed in a lunn . 
vessel and washed with cold water ; this separates tho soluble salts 
of other partially soluble compounds, kieserite, anhydrite, clay, sludge, 
may be separated to a great extent by their difTeronco of speoifle ^ of 

rite is then placed in iron frames and crystallised by heat. In this proow jj, 
the compound is converted into the salt containing 7 mol. of water, ^ ^ndpil 
Sent into commerce as block kieserite containing 60 p.c. MgSO*. Oneoxjn 
uses of this kieserite seems to Ik> for tho washing of wool ; it is also iisw 
paration of * permanent white’ by precipitation with barium chlonae, 
manufiirture of eiystallised glaubor salts, with the sodium 

product of the reftise salt. 2 molecules of kioserito and 1 - -Thia 

with water solidiff .to a gelatinous mass containing CaSO* + MgSQ *^^: a 

on* being strongly heated, powdered, and mixed with water, quicitiy : ^ ^ ^ ; : 
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narMo-Hko mftsa, which may bo polishocl and to a certain degree withatands damp 
(H. Griiueberg, I>wt, Chem, (ha. Bar. 840). 

(J. A. Phillips, Phil. Mag. [4], xli. 87). — This is tho name applied by 
Cornish minors to all sedimentary cleavable rocks. The geological age of theso rcicks 
has not been determined beyond that tliey belong to tbo paleozoic era, and it is 
Ijelicved that they are of Devonian ago. They enclose five large and several smaller 
t iftlands ’ of granite, and are, as well as the granite itself, traversed by dykes of 
(rnmitic and porphyritic rock called elvana, by trap dykes, by copper and tin lodes, and 
Ey various cio.ss courses, including or fissures filled with clay. Typical killas 

is a grey, bluish-grey, or greenish-grey clay-slato, and, when weathered, is browiiisli- 
vL'ilow or buff. It is usually exceedingly fissilo with the planes much contorted, but 
]s often more compact near its junction w;ith tho granite. Tho sections examined in 
the microscope by ‘'a low power* wore magnified 60, or by a ‘high power’ about 400 
linear. 

I. Killas from Polgooth Mine^ adit level ; sp. gr. 2‘60.— This is a vc»y soft slate of 
a light-grey colour, marked in places with a darker shade or yellow tinge. By trans- 
mitted light under a low power, thin sections exhibit no structure, but appear as a 
milky- white mass, enclosing moss-like semi -crystal lino markings of a itrownish-greon, 
and traversed by fissures filled with crystallino tninaparent quartz. With a high power 
it is found to be composed of an aggregate of minute granules intimately blended 
together without definite outlines, and to enc1o.so some gr^iins of oxide of iron and 
apparently fragments of hornblendo, and some patches of it dilorilic mineral. 

II. KiUas from Polgooth Mitie^ 80 fathoms level \ sp. gr. *=2*74. — ^This specimen, 
much harder than tho above, is of a grey colour, strongly marked witli roddi.sli-brown. 
Hero the microscope detected no difference excepting that tho grains of oxide of iron 
wore larger but le.ss numerous, and that there were fewer of what appeared to bo 
broken ci-ystals of a liornblendic minor.il. Tho granular fragments are larger and 
more distinct, their larger surfaces being nearly parallel with tho planes of cleavage 
of tho slate. The chloritic mineral is again very abundant, and peculiar markings 
aroobsen'od about its margin. 

III. Killas from Polgooth Mine, fathoms lenl; sp. gr. 5*273. — At this depth 
tho killas is much harder than that found at shallower levels, is of a greenish-grey, 
slightly streaked and spotted with yellow. The sections resomblo those from tho 80 
fathoms level, but contain no hornblende and fewer cliloritic patches. 

IV. Killas from Pobmar Mine, 40 fathoms below iJte surface ; sp. gr. =2*68. — This 
clay-slate is much contorted, dividing readily in curved laminae, witli glossy surfaces 
bftiring wavy lines resembling minute ripplo-marks. It is of a medium grey, and 
fijiglitly yellow in places. Its sections resemble those of the PoJgootli SMcimciis. 
Oraiiules of quartz are disseminated through tho finely-grained matnx, which dorivc^s 
its greyish tint from chlorite, and is minutely divided by a system of markings mado 
up of pairs of parallel lines, each about ^\io^h of an inch long, and 

apart. 

Slate from ‘ Sanctuaries'* near St, AusteU ; sp. gr. =5 2’52. — This is light grey and 
huff in colour, and appears to be weathered. It divides with difficulty intfi laminae, 
tho surfaces being witliout polish. It is divided bjr headings variously coloured, appa- 
rently by infiltration of water containing oxido of iron. 

Vl. Killas from Bolooath Mine, 2\b fathoms level; sp. gr. =271. -This rock is ex- 
ceedingly hard, tho cleavage imperfect, and its prevailing colour dark grey. Freshly 
tractured surfaces exhibit numerous minute, brilliant, inaistinct crystals, probsibly of. 
some hornblondic mineral. With a low powor-its sections appear to bo mado up of 
^uspurout angular particles, giving colours w’itli polarised light; tho greenish pitches 
jijssemiuatcd through Uio miiss are prolwibly chlorite. With a high power are seen 
JMck grains of magnetite and titaniferous iron, and fan-like aggregations of tranS- 
pnrent acicular crystals, often diverging from a particle of oxido of iron. Similar 
^ystiils also cross each other in all directions,. and are probably hornblende or seliorl. 

‘ imbedded are roundod fragments of mica, and of a semi-translucent 

uwal not sufficiently opaque for oxide of iron. 

BotaUack, Pcmance, surface near lode; sp. gr. =2-95.— This is a 
l)cinff t greenish-grey rock, containing minute crystals of pyrites; its cleavage 

u great extent obliterated by metamorphism, it breaks into roughly tabular 

in nn^ planes approximate to those of original cleavage. TJio low power sliowe 
green, duo probably to chlorite, and enclosing tran.spiirent 
iiua o 1 rr^'stallino patches, often fringed with nciculnr crystals, which give bril- 
jf ^ith polarised light. With a higli power long slender crystals, probably 

1 ue, and minute triclinic o^stals, possibly of axinite, arc seen. 
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VIII. EochfmnBoiallack, \Z(ifaihfyinB\ sp.gr. * 2*82.-- A rery dark green speci- 
men, with traces of liglitor shade and no cleavage ; is slightly magnetic, and encloses 
in places minute crystals of pyrites. The grains of oxide of iron are more numerous 
than in specimens obtained nearer the surface. It contains fewer long crystals tJitin 
the surface rook, and is traversed by minute veins of quartz enclosing transparent 
ttcicular crysbils, probably of hornblende. From its physical constitution and the lapco 
amount of magnesia it contains, it may he regarded as an impure serpentine. ° 

IX. *Best roofing slate' J)dahole\ sp. gr. 2-81. —Under a low power this slate 
shows no distinct structure, but is thickly dotted with dark spots ; hut with a liiHi 
power numerous clusters, about -nJinF^h of an inch in diameter, of reddish-brown crystals 
appear. These result from the aggregation of scvonil hexagonal plates of a substance 
whicli, according to 3Ir. Sorby's examination, consists of more or less. altered specular 
iron. The matrix is, moreover, traversed in all directions, but ospocially in phincs 
parallel to the cleavage, by long transparent crystals wliich are brilliantly coloured by 
polarised light. Both brown and white crystals have been formed in situ. 

X. Biorite, ‘ Sanctuaries' St. Mewan ; sp. gr. = 2‘97. — This rock is of a dark green 
colour verging on black, is exceedingly hard and tough, distinctly crystalline and mag- 
netic. Thin sections exhibit unmistukeable evidence of extensive alteration. Tho 
felspar does not generally present any distinctive characteristics, although in a few 
instances the parallel striping peculiar to triclinic, varieties was observed. Tho rock 
also contains semi-transparent yellowish-brown crystals, probably hornblende, a green 
mineral of fibrous structure which is believed to bo a variety of hornblende, many 
black grains of oxide of iron, some well-defined hexagonal crystals, probably apatite, 
and an abundance of a green chloritic mineral. This diorite lias probably undergone 
much alteration. 

XL ‘ Greenstone' Blowing-House Hill, St. Austell \ Bp.gr. » 2*89.— This stone is 
very similar to tho ‘Sanctuaries’ rock, but is of a somewhat duller aspect, and is 
divided by a series of oblique cross-headings, which impart to it a tendency to divido 
into rhoml)oi(ial masses ; it is also less decidedly crystalline, and exhibits a grain re- 
8(‘mbling tliat of some varieties of metamorphosed schist. The sections show n com- 
pact felspathic matrix enclosing a few indistinct crystals of felspar, together with large 
quantities of the greenish chloritic mineral observed in tho St. Mewan diorite, from 
which the greenstone difiers but little in composition. The greenish mineral is 
arranged in approximately parallel bands and patches, many of the latter appearing 
to be partially decomposed hornblende crystals, and, though retaining at their centre 
to a certain extent their original structure and colour, have at tho edges been trans- 
formed into chlcHnto or an allied mineral. Tho rock also contains many black grains 
of oxide of iron, and some hexagonal crystals, probably of apatite. It is believed t(. 
be an altered clay-.slato. 

XII. Serpentinous rock, Menheniot ; sp. gr. = 2 * 77 . — Tliisis a moderately hard stone 
of a dark green colour, has a somewhat crystalline fracture and schistose structure, 
and is slightly magnetic. It occurs more or less intermixed with clay-slate; and beds 
of unaltered slate are found intorstratified with it. It exhibits numerous resinpus 
h'>adings, many of which are coated with asbestos, with fissures containing calcite. 
Beniform concretions of saponito are frequently found in a clay apparently resulting 
from tho decomposition of the principal rock. Tho microscope shows a highly 
morphosed rock consisting of an amorphous matrix, porphyriticallycnclosingyollowisli- 
brown or green patches with indistinct crystalline forms, evidently pspudomorphs, 
witli many grains of magnetite and- crystals of w’hat is probably Bchiller-spw or 
diailago. 

XIII. Serpentine, Lizard \ sp. gr. =2*59, — Tho specimen is of a ve^ dark green 
colour, in places vcrjging on black and thickly spotted witli red ; it has^ a 
granular structure, is without any indication of foliation, and encloses imperfectly 
developed crystals. 

XI V. Orthoclase, * Glass Mine,' Eoche; sp.gr. » 2 ' 55 .--“This yollowish-trhito 
occuw in granite containing considerable quantities of schorl, and is traversed hj^wn 
of milky quartz enclosing tourmaline and cassiterite. Professor Miller, of Cafinhnagei 
examined it crystallogruphically, and pronounced it to bo a monoclifiic felspar* 
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^0 {blloving table exhibits the mean results of the analyses of these roeks: 



H"0 

BlO“ 

TiO' 

P“0* 

A1*0* 

Fo*0’ 

FeO 

Mn"0‘ 

CaO 

MgO 

K“0 


■■■■ ' " 

4-OS 

GO-42 



0*21 

20*835 

8-17 

1-80 

0-41 

1-71 

trace 

0-77 

1-.55 

II. . • 
HI. . • 

S-(!3 

G2-10 

trace 

trace 

20*jr> 

3*51 

*2-955 

trace 

1-27 

tr:K.‘c 

0‘I*5 

3-11 

;i-2C0 

50*010 

trace 


20*786 

13-415 

4-92 

truce 

1-62 

— 

0-93 

4-08 









Fc=S" 





TV. . ■ 

f.-68 

49*265 

trace 

— 

18*00 

1-2-68 

8-.J.3 

0-82 

2-13 

trace 

0‘.06.'> 

0-74.5 

fi-lfi 

53*30 

trace 

trace 

21*725 

0-015 

4“28 

-- 

truce 

0-75 

2-92 

4-19.5 

VI. ’. • 

1-lfi 

67*315 

0*13 

— 

20*840 

2-885 

1-66 

— 

2*025 

truce 

0-595 

3-37 

VIT. . 

.3-125 

40*21 

0*15 

0*66 

‘24*01 

4-21 

11-27 

sulphur 

trace 

4-105 

6-52 

1-67 

3-.3.3 

VI II. . ‘ 

11-09 

32-98 

^truce 

trace 

16-73 

7-025 

13-71 

trace 

4-00 

11-52 

0-73 

0-625 

IX. . . 

4‘Gl 

58-30 

0*23 

truce 

21-80 

7-055 

2-.57 


0-39.5 

1-006 

2-45 

1-135 









Mn"0* 





X. . ■ 

0-80 

47-56 

trace 

0*11 

17-16 

13-06 

9-30 

trace 

4-11 

truce 

2-.30 

5-45 

XT. . • 

1-00 

17*505 

trace 

trace 

17-00 

11-75 

10*71 

O-ll 

G-‘J85 

truce 

2-89 1 

‘J-545 









Or'O’ 



i 


XII. . . 

lO-ifi 

.38-70 

trace 

trace 

17-.39 

15-04 

4*.36 

O-Jl 

4-98 

6-00 

truce 

0-845 

Xlll. . 

15-52 

38*72 



2-990 

i 

1-005 

! 

5-07 

anil 

0-29NiO 

0-08 

truce 

34-.>65 

o;«5 

i 

0-7G5 

1 

I XIV. . 

0-C05 

G5-1G5 


! 

19-08 

0-.50 

i 

“■ 

1-625 

trace 

10-37 i 

1 ! 

2-40 


X. likewise coiitaiua traoos of sulphur ; XII. and XIII. traces of iiii oxide of muugauesc. 


ZXVO. On the occurronce of pyrocntcchin in this substanco, seo Pyrocatechin. 

XIBBrarar. A mineral from Bamlo in Norway. It occurs massive 'with im- 
perfect cleavage in two directions nearly at right angles to each other. Practnre, 
uneven and splintery. Lustre, fatty. Colour, pale red; translucent in thin fragments. 
Specific gravity =» 3‘15. Hardness = 4-5. When warmed it exhibits a faint white 
phosphorosceneo, and molts with some intnmosceiice to a blistered enamel. ISasily 
.■^olullc in Jiot concentrated hydrochloric acid ; somewhat less easily in nitric acid. 
With Hulphuric acid it evolves hydrofluoric acid, and forms calcium sulphate. Analysis 
favo: 

r“0* MgO CuO .Na*0 FI SiO" APO» 

42-22 37-00 7*66 1'56 4*78 PSO 5 40 = 100*()2 

with traces of pottissium, iron, and sulphuric acid. 

Whon the non-ossontial constituents are deducted, this composition corresponds with 
I bo formula 21tfg*(PO^)® + CaP*, a small portion of the calcium being replaced by 

sodium. 

Kjoriilfin differs from wagnerite, whicli it rosemhlc.sin many respects, by containing 
less fluorine and sodium, and more calcium, so that its solution in hydrochloric acid 
aves a ]irocipifnto with sulphuric acid, which is not the case witli -wagnerite (F. v. 
hohell, J, Chvm, [2] vii. 272). 

SnSBUTB. This mineral (iii. 447 )f hitherto known only ns occurring at 
nnd Bannomora in Sweden, is found, according to Igelsirom {Chrnn^ Centr, 
large quantities, in veins 4 metres thick, in the iron mine of Hilliirg, 
^udovilla parisli, Dalarno Oovernmont, Sweden, embedded in lielloflinta, together 
J'ltli magiieiic iron ore, limo.stono, and a small quantity of magnetic pyrites. Analysis 

SiO" FcO MiiO CaO 

33-14 40-96 19-35 6’35 » 100, 

inconsiderably from tlio former analysis of knebolito by Doheroiner 
isk ^ 35MnO, iii. 447) ; nevertheless Igelstrom roganls the mineral 

on account of its similarity thereto in physical characters, and its property 
with hydrochloric acid. The larger proportion of ferrous oxiclo lie 
‘ *^0 intimately mixed magnetic oxide. 

Bottzoixb, See Phosvuates. 

Observations on this beverage have been published by V. Jagielski 
t» J’ [Sji 1. 861, 886), who had the opportunity of studying its use and 

^lieu t body in the Steppes of liussia. He points out tliat koumiss, 
■leohni bottles, undergoes essential alteration, its amount of 

f thik carbonic acid continually increasing at the expense of the solid constituents 
“wies milk, and that this alteration is attended with the formation of acids. 
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espocially lactic, acetic, butyric, and succinic. Koumiss in its diffenent stages of f 
mentation, and therefore koumiss of various ages, is required in the treatment^^^f 
different disorders. Koumiss may also bo prepared from cow’s milk, but on accou r 
of tlio much greater proportion of casein contained in the latter, tlie koumiss obtain ^ 
from it is very difleronc from that prepared from mare’s milk. The spirit pponarc! 
from koumiss by distillation is called ‘ araca.* . . 

Koumiss manufactured in Davos, Switzerland, in imitation of the true Russinn 
koumiss, has a mean density of 1'12B6 at 60^, and contains : ° 


Water . 




] 11 100 ^ama 
. 90-346 

Per litre 

1019'G4 gi 
36-23 

Alcohol 




3-210 

Lactic acid . 




. 0-190 

2-14 

Sugar . 




. 2-105 

23-75 

Albuminates 




1-860 

20-90 

Butter . 




. 1-780 

20-()9 

Inorganic salts 




. 0-509 

6-74 

Free carbonic acid 




. 0-177 

2-00 


This koumiss conUins more sugar and less lactic acid than old Russian koumiss, and 
is probably prepared by adding a few per cent, of sugar to skim-milk, alcoholic fer- 
mentation being induced by the addition of yeast (H. Suter-Nacf, Chm Ges 

Her, V. 286). ‘ “ 

JUUUrrZZTBa See Resins, Fo-ssil. 


X V HU JbBWZC ACXDf and XTimUtn. Kynurenic acid, discovered in 
dog’s urine by Liebig (iii. 460), has been further examined by Schmidberg a. Schnlt- 
zion ^CIi£fin, Soc. J. [2], x. 1028) who assign to it the formula the free 

acid containing 2H*0 of crystallisation, and the barium salt being + 

3H*0. It is obtained from dog’s iiriuo by evaporation and addition of hydrochloric 
or nitric acid ; it is practically insoluble in water, either hot or cold, or impregnated 
with hydrochloric or nitric acid, but slightly soluble in alcohol or other. With IwryU- 
water in excess it yields a soluble basic salt, which furnishes a precipitate of mixed 
carbonate and uuutral salt ou passing carbon dioxide through the solution, an appear- 
aiice which misled Liebig to the idea that the free acid was thrown down from the 
barium salt by Carbonic acid. 

When heated to 265®, kynurenic acid evolves pure carbon dioxide and melts to a 
browii li(|uid. Thu product is mostly soluble in water, and on evaporation yields crys- 
tals having tho composition C*"II**N*0®. This substance, kynurino.is anhydrous, 
melts at 201®, and gives a crystalline hydrochloride, C*®II“N®0*.2HC1 -f 4H®0, 
and a crystalline platinum salt, C'®H“N*0*.2HCl.PtCB ; it also gives a ciystallino 
gold salt. 


L 

B ABX APOXITX Seo Felspab (p. 872). On the Labradorite rocks of W^lto^ 
rillo, New Hampshire-, see E. S. Dana {Sill. Am. J. [31, ii. 48 ; Ck^tn. Soc, Ji \?l *• 
227). 

XiXOTlC ACX»B,C*H-Q>. 1. Ethylidene4aotic acid, CH«— CHOH-COOH. 

Formation from Sugar.— a. By Fermentaiim.—T\iQ following mixture is recommended 

by 0. O. tLim ^VierMjahrsschrift pr. PAarm. xx. 601; J^resh. f. Chem. 1870, P- 
561): 3 pts, milk-sugar, 36 pts. ordinary water, 0’6 to 0*75 pt. flour containing » 
large proportion of gluten, 1 or 2 tablespoonfuls of Ixicr-yeast, fl pts. of soda-ciy»biIiSi 
or 3 pts. of sodium bicarbonate. When tho fermentation has once bden setupn}' 
milk-sugar, it may be continued by addition of cane-sugar. 

B. Without Fermentation . — ^Whon 600 grams of grape-sugar are -introducdd 
capacious retort, together with I A pt. soda-ley of sp. gr. 1'34, and an equal 
water, and heatod in a water-bath, a very strong reaction takes place 
tliiit it is advisable not to operate with larger quantities at onoe. T^ie 
rises above 116®, and the liquid boils strongly without evolution 
not unpleasant odour. On mixing it, after cooling, with a quantity of 
phuric acid exactly sufficient to neutralise tho soda, congontrating 
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itftting vitli fitheiv lactic acid is dissolved out, together with ^yr^atechin and greasy 
"^rxlucts. The lactic acid is abstracted from the other by agitation with water and 
l ^^riuni curboiinte ; the resulting barium salt is converted into zinc salt ; and the latter 
■s'uurified by crystallisation. The acid obtained from this zinc salt possesses all tho 
^havacters of ordinary lactic acid. Its concentrfited aqueous solution does not exhibit 
Circular polarisation. As no volatile fatty acids are formed at the same time except 
acid, the lactic acid obtained by this process is much easier to purify than that 

lormiL ^ 

instead of 
for several 

liours M’ith water, attempts wore made to produce lactic acid by tho action of water 
01 ' sagar or on paper at 200®, but always with a negative result. If a sufficient 
quantity of magnesia is added tlie sugar docs not blacken, but still no lactic acid is 

ionand CHoppe-Soyler). 

tunnation from Acetone . — When dichloracetone is heated to 200® for six hours with 
20 times its volume of water, and the contents of the tube are successively treated 
wiih excess of silver oxide, hydrogen sulphide, and zinc-white, n zinc salt is obtained 
agreeing with tliat of ordinary lactic ficid. 


CH* 


CH» 

1 

HOH 

1 

CO + 

« 21IC1 + 

CUOH 

inoi* 

HOH 

COOH 


Tnc exchange of Cl for HO is in this case accompjinied by a transposition of the 
aioms witliin tliu molecule (Linnomanti :i. vonZotta, Ch. Pharm. clix. 247). 

2. Hydracrylic acid . — This acid, which Beilstein obtained hy tho action of 
silver oxide and water on /9-iodopropionic acid, and to w'hich he assigned the formula 
I was show n by Moldonhauer to yield, by simple neutralisation witli sodii, a 
salt of lactic acid (Isd Sujpj^d. 770) : hence it would appear to bo only a modilication of 
hetie acid ; and this view is conhrmed by the experiments of Wislicenus Otrm. 

(res. lirr. iv. 532 ; Ann. Ch. Pharm. clxvi. 6). 

To propiirc hydracrylic acid, an aqueous solution of i9-iodopropiouic acid is boiled 
u itli silver oxide, tho flltrato is treated with hydrogen sulphide, and after the excess of 
tho latter has been expolled, tlio liquid is hcutralised with sodium carbonate lind 
evaporated. Tho residue is tJien digested with boiling alcohol of 75 p.c. wliieh dis- 
solves sodium hydracrylato, leaving uiidissolvod the siilts of tlirco other acids which 
will be noticed further on (p. 721). Tho sodium salt may bo purified by two or throe 
rccrystallisations from alcohol, and the pure acid obtained by decomposing it with 
fiilplmric. acid, agitating with ether, and leaving tho ethereal solution to evaporate 
(Wislicciius). Or equal parts of tho impure acid may be neutralised with lime and 
me oxido, tlio tw'o sohitioiis mixed, whereby a crystalline precipitate is formed con- 
Msting of zinc-calcium hydracrylato ; and from this salt, purified by thorough washing 
or liy recrystallisation, tlie pure acid may bo obtained by removing tho zinc with 
liydropi'ii sulphide, and the calcium by exact precipitation with oxalic acid (Heintz, 
Auif. Ch. Pharm. clvii. 201). 

llydiwcrylic acid remains, on evaporation of its ethereal solution, as strongly acid 
®ynip exactly like ordinary lactic acid. It is distinguishod, however, from this and 
die other modifications of lactic acid by the fact that, when heated, it does not yield 
but is resolved, almost without residue, into water and aciylic acid : 
^ * H -^0 + 

h'iilcd with iodine potash’dolution (Liebeu’s reaction) it does not yield iodoform, 
.y oxidation with chromic or vitrio acid it yields nothing but carbon dioxide and 
I ^dver oxide it forms carbon dioxide, together ivith carbacotoxylic 

S .'[“‘“.pi*oportion of silver oxide is small, oxalic and gJycollic ncids if it is larger, 
itn ' tho products are chiefly acetic and formic acids, together with a 

‘^oxalic acid and apparently also glycollic acid. 

C»H*NaO*, ciystaliises in flat prisms with acuminated fuces ; 
4^escos in moist air; is but slightly soluble in absolute alcohol, even at the boil- 
in alcohol of 25 p.c., frond which it crystallises in 
flth * ?! state on cooling ; very soluble in dilute alcohol. It melts at 142° — 143° 
weight to a colourless liquid, and solidifies to a ciysUilline nines on 
5 qo ?' ff'Sives off 1 mol. water slowly between 180° and 200°, more quickly iit 
iflu’ * residue which has tho composition of sodiiigi acrylate, C®H*KaO*, but 
becoming heated in contact with water, and taking up again 

""■‘torwhichithadloat. 


whicli is prcparca oy zermenuiuoa, ouc uie yzeiu aoos non oxceou xo xo 
employed. Cane-sugar or milk-sugar may bo used in tlio process 
ympo-sugar (Hoppo-Scyler, Pent. Ckem. Gee. Bet', iv. 346). 

^ neither lactic acid nor calcium lactate is altered by heating to 200° 
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saver hydraerylatet C*H*AgO*, forma delicate prisma and needles easily soluble j 
cold vater, insoluble in alcohol. 

Calcium hydracrylaic, C®H‘®CaO* — 2H*0, loses water even when its solution is 
evaporated to a thin syrup, but on adding a little water to the residue, well-defined 
crysUils are soon formed. 

Zinc hydraorylatCy C®II'®ZnO® + 4H*0, also remains as a syrup when its solution in 
evaporat^ over the water-bath, but soon becomes ciystalline on exposure to moist air. 
By spontaneous evaporation of the ^ueous^ solution it is obtained in brilliant 
triclinic crystals. 100 pts. of the salt dissolve in 8 pts. water at 16*5® (Wislicenus). 

Zinc calcium hydracrylait^ C*H*®ZnO“.C®H**CaO*, is obtained as a crystalline precipi- 
tate on mixing tlie concentrated solutions of its component salts, and in distinct 
crystals by dissolving the precipitate in the smallest; possible quantity of hot water 
and leaving the solution to evaporate over sulphuric acid. It dissolves in 11*5 pts. of 
water at 15®, and is but slightly more soluble in boiling water ; in ether and alcohol 
it is quite insoluble oven at the boiling heat (Hointz, Ann, Ch, Pharm. clvii. 291). 

Constitiitiohi of Hydracrylic odd. — The formation of this acid from /B>iodopropionic 
acid, CIPI— CH*— COOH, would! lead to the inference that it is identical with 
ethylene-lactic acid, CII-OH— CH*~COOH. But hydracrylic acid, as already 
observed, is distinguished from all other modifications of lactic acid by being resolved 
when heated into water and acrylic acid. From othylidene-lactic acid, it differs in not 
yielding iodoform by Lieben’s reaction ; and from othylone-loctic acid — synthetically 
prepared by combining ethylene with carbonyl chloride, and decomposing the result- 
ing chloride, CH*C1 — ^CH* — COCl, with an alkali {Ist SuppLIlii) — it is distinguished 
by its products of oxidation. Ethylene-lactic acid is converted by oxidation with 
chromic acid, nitric acid, or melting potash, into malonic acid,COOH — CH* — COOII 
(Isf Svppl. 800) ; but hydracrylic acid when similarly treated yields totally differcut 
products (p. 717). 

A further distinction between the two acids is afford^ by the characters of their 
zinc salts, and zinc-calcium salts, those of hydracrylic acid being crystalline, as above 
stated, whereas those of synthetical ethylene- lactic acid are amorphous and nover 
exliibit any sign of crystallisation. Lastly, hydrociylic acid or either of itssalte, 
when heated with liydriodic iicid, always reproduces /8-iodopropionic wid (glycerin 
iodopropionic acid), 1 or 2 grams of substance being sufiElcient to exhibit the reac- 
tion ; but synthetical cthylone-lactic acid, when similarly treated even in twenty 
times that quantity, does not yield a trace of ^-iodopropionic acid. ^ ^ 

The easy resolution of hydracrylic acid into water and acrylic acid shows that it is 
very nearly related to acrylic acid, acrolein and allyl alcohol. Those compounds are 
now generally represented by the following formulae (pp. 27, 47) : 


CH* 

CH* 

CH* 

II 

II 


CH 

CH 

1 

CH 

Aoh 

CH«OH 

COOH 

Ally! alcohol 

Acrylio wid 

AcToldu 


iiioyao not coniain tno group , wnicn tnoreiwo vaimvi* uo 

acid, and this conclusion is confirmed by the fact that this acid does not yield ace 
acid by oxidation, or iodoform by Lichen’s reaction. Hydracrylic add roust tnorci 
contain the group CH*.OH, wliich exists also, together with CO OH, in 
acid. Consequently hydracrylic acid cannot contaiii this latter JJU®® to 

both acids would be represent^ by the formula CH*.OH— OH* — 
say, they would be identical. It appears, therefore, very probable that nyurnc j 
acid has tho constitution represented by the fonnula : 


CH».OH 

^(1h 

A compound thus constituted will be an acid : for oiganio #1*® 

into acids, not only by tranaformation of the group OH*OH in^ vf^Y ■ ' ^ ^ 
wlictt negative dements or radicals accnmulate near an nlcdioUo.hj 7 ar(^ 7 ^ - 
Admi ttin g, then, this formula for hydracrylic acid, the compowndii 
be coDstitutod as follows : 



CH* 

CH 

CHK)!! 
AUyl ulcohol. 
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CH* 

J 

0< 1 

Acrolein. 


CH* 

j 

<’<A 


(HOH 
Acrylic acid. 


CH*OH 

or 1 

Glyceric acid. 


CH*I 

^'^Ahoh 

/S'lodoproploDiu 

acid. 


These formulee are preferable to those hitherto adopted, for the following reasons : 
Wlieir an alcohol undergoes oxidation, the oxygen which enters it is attracted by that 
carbon-atom which is already combined with oxygen. Now in glycerin, CH-OH— 
(SkOH— each atom of carbon is already combined with oxygen, and therefore 
tiic oxygen which replaces the hydrogen will be as strongly^ attracted by one of the 
cxtcnuil carbon-atoms- as by the middle ones, and thus glyceric acid will have the con- 
stitution above iiidicJitcd. , 

Acrolein, although possessing most of the properties of the aldehydes, difTors from 
them by not uniting with alkaline bisulphites, and by its reaction with ammonia ; it 
may therefore bo expected to differ from the aldehydes in constitution. Its reduction 
to al I yl alcohol and oxidation to acrylic acid aro explained by the new formula as 
clearly as by the old one. When allyl alcohol is oxidised, it yields acrolein ; in this 
l iisc the oxygen is attracted, not only by the group CII^OPI, but likewise by the second 
atom of carbon : for it is well known that in the oxidation of carbon-compounds which 
have some of their carbon-atoms united by two combining units, the oxygen most 
readily attacks tliG carbon-ntoras thus doubly united. . 

IlyilrrUTylic acid is much more easily oxidised than any other modification of lactic 
acid, giviiig off torrents of carbon dioxide and a strong smell of formic acid. The 
uxidutioii probably takes pLico in tlio manner represented by the equation : 


CH^OH 

Ah. 

’<4 h 

in 


+ 0= 


CH“on 

orrdo— on 


u 


the first products being glycollio and formic acids, which aro then furtlicr oxidised to 
ciirbonio, and'oxalic acids. The formation of acetic acid with only a little glycollic 
acid, by the i^tion of molting potash, may be explained by supposing that, before the 
oxidising action of the potash begins, a large quantity of hydracrylic acid is converted 
into acrylic .acid, which, as the temporaturo rises, is resolved into formic and acetic 
acids, while the glycollic acid is formed from unaltered hydracrylic acid. 

The existence of the double hydracryluto of zinc and ailcium suggests the idea that 
hydracrylic acid may bo bibasic and polymeric with lactic acid. In this case its formula 
may bo : 


HO.CH* CH*.OH 

ni— o— A h 

ni— o-CH 

. ad Ah 

IjP ^lupstion as to its molecular weight cannot bo decided by the density of its 
/■ ^tluir, as tliis compound is decomposed by heat. 

<ioui acid , — The sarcolactates exhibit in many respects the characters of 

cfhylidonc- and ethylene-lactic acids. According to Wisliccnus 
into •! the zinc salt of sarcolactic acid is resolved by strong alcohol 

'alter soluble crystalline salt and an easily soluble amorphous salt. The 

from B/ 1 ' could be examined, agreed in character with that of the acid prepared 



this xinp “?.^*^y®*^‘tUsation (instead of 3 mol.) Moreover the acid separated 

aTisf.fiT* 1 ™ fill the other modifications of lactic acid in being active to 


ex(‘rt 

Tlio 


turns the piano of polarisation to the right (a*-3'6°), but its salts 

aWorotat(aypowor(a - -8-S7»), 

this optically active add renders the sarcolactates themselves . 
dlivin ^*^®rea8 the double suite formed by direct mixture of othylidene- 

' ‘ optically inactive. There are 

• C%. Pharm. civii, 314), other particulars 


There are also, as Hcinte has pointed 
in which the sarcolactates 
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diiTor from the corresponding artificially prepared double salts. Zinc sarebtactata 
gives off its vator at 100", much more slowly than Uio artificially prepared double 
salt: it can also be rocrystalliscd from water without sensible alteration of its 
composition, whereas the artificial double salt cannot. From the latter, indeed, it is 
easy, by repeated crystallisation, to obtain pure otliylidene-lactuto of zinc, wheroas 
when a solution of the sarcolactato from which half the zinc has been precipitated by 
liydrogen sulphide is left to evaporate, unaltered sarcolactato crystallises out, and the 
mother-liquor when saturated with zinc oxide yields the same salt. In the crystal- 
lisation of zinc surcolactate, it often happens that, after part of the salt has separated 
out, tho whole solidifies to a translucent jelly, in which the microscope shows the 
presence of small elongated six-sided tables and long very slender flexible iieGdles, 
This appearance is never exhibited by the artificially prepared double salt. 

For tlieso reasons IToiutz regards sarcolactic acid as a distinct modification of lactic 
acid, and proposes for it tho fonmula : 

H*C emOH 


ho.h(!j in* 



If, on the other hand, sarcolactic acid be regarded as a mixture or compound of nn 
etliylidene- and an ethy lone-lactic acid, one of which is optically active, then there 
will be four modifications of lactic acid, viz. : 

Inactive ethyUdono-laotic acid, 

Inactive cthylene-lactic acid, 

Active othylidene- or cthylene-lactic add (paralactic acid), 

Hydraciylic acid ; 

whereas there are only three constitutional formiilie by wliich these modifications 
may bo represented, viz. : 


CH* CH^OH CH*OH 

COOH iooil 

There is, however, good reason for supposing that the difference of structure between 
optically active bodies and their inactive isomerides — as, for example, in the several 
moclific;itioi].s of tartaric acid— is ratlior physical than chemical; in other words, that it 
depends on difference of arrangements of tho molecules amongst themselves rather than 
on that of the atoms within tho molecules. On this view the ozistonce of the four 
modifications of lactic acid above-mentionod presonts no anomaly. 

Kaotle Anhydrides (Wislicenns, Ann. Ch Pharm, clxir. 181). When pun 
aqueous lactic acid is left for several months over sulphuric acid in a vacuuni, it is 
found that, notwithstanding tho loss of weight which occurs from abstraction of 
water, tho quantity of alkali required to neutralise a given weight of the aqueous Hcal 
continually diminishes ; moreover, that tho, neutralist liquid, if made blue by addi- 
tion of litmus, becomes rod after a while, and if the free acid be again noutralisca 
with alkali, tho liquid again assumos a rod colour. after standing, and so 
alternations. These results are duo to Uio formation of didactic acid, ® » w. 
which, as formerly shown by Wislicenns and van dcr Bruggen ^Is^ Suffl, lljh 
bo regarded .os an ethereal derivative of two molecules of lacnc add, oil e of vJuo 
plays the part of an acid, the other that of an alcohol, its constitutional formu 
being 

CH* 


CHOn 


CH* 


0=C— 0- 


-CH 




OOH 


It is, therefore, at once a monobasic acid, a monoocid secon^sy 
pound ether. Accordingly it will in tho first instance he nouttalised by 1 ^ 
sodium hydrate ; but the resulting sodium salt, like all compound 
tinlly decomposed by tlie water, and the free lactic acid thus prodne w wiU 
ueutzal reaction. If the decomposition has been completo, iw ibr 
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It IB quit^kly saponified by boiling^ with alkali, the neutralisation of the acid subse- 
J^DUtly set free wll require a quantity of base equal to that required for the first 

^ I^tllow'S from these facts that when a solution of lactic acid is left to evaporate, 
ililiictic acid forms in it oven before all the water has evaporated, the quantity of the 
(lilactic acid increasing as that of the water diminishes. Pure lactic acid, answering 
to the fnrraiila C*H.*0*, cannot thcreforo bo obtained. 

Further, when lactic acid is loft at ordinary temperatures in an atmosphere kept con- 
stantly dry, the dehydration does not stop at the formation of the first anhydride — viz. 
Jilactic acid, but proceeds to the formation of lac tide, At higher tempera- 

tures, even in an atmosphere not perfectly dry, the dehydration goes on at an accelo- 
rateil rale. This is shown by tho following numbers, which represent the results of 
an experiment made with lactic acid which had stood for two months in the exsiccator 
(cailed in tlio table * original acid'). 



Water 

Lantlc 

acid 

Dilactio 

add 

Lactido 

Total 

1. Originnl acid ...... 

26*23 

60*59 

4*18 


100. 

2. After 2 hours in tho water-bath 

— 

44*93 

55*11 

— 

10004 

a. After 16 hours in the water-bath . 

— 

30*00 

71*49 

— 

101*49 

■1. After 15 hours at ]l40®-160® . 

— 

— 

52*51 

47*61 

100*12 

u. The resulting distillate .... 

i 

4-65 

43*87 

51*48 

— 

100 


The acid which had remained for 16 hours over tho water-bath appeared also to 
contain hictido ; as, when more strongly heated, it yielded a sublimate of crystalline 
litcliil(\,cvf n belbro the temperature had reachotl 140®. 

of Miictio acid , — Wislicenua observed several years ago that the crude pro- 
duct obtained by heating lactic acid to 150® gave, when neutralised with magnesia, 
instead of tho crystalline lactate of magnesium, an amorphous saline mass consisting 
of magnesium dihictate. JETe has lately obtained and analysed tho corresponding 
mlium salt, which is also an amorphous viscid mass. On the ethers of dilactic acid, 
8C0 Siqypl, 773. 

Adim of water on JDUactic acid. — Tho conversion of this body into lactic acid by 
vatcT jit ordinary temperatures takes place very slowly. AVhen 6 grains of a dehy- 
drated product containing 89'86 p.c. of dilactic acid and 10’16 p.c. lactido were dis- 
solved in 10 C.C. of absolute alcohol, precipitated by water, and tho whole left to 
the viscid precipitate did not disappear complotelj’' in six months, although it 
dinunished consiaorably, 

^ihydracrylic acid, — When crude hydraci^^lic acid, prepared according 

to Boilstein’s directions, is carefully neutralised with sodium carbonate, there is ob- 
tained — besides tho principal product, viz. sodium hydracrylato, C*H*NaO*, which 
c^stallises roadily from alcohol — a small quantity of residue very slightly soluble in 
alcohol, and consisting of the sodium salts of three acids, which may with some diffi- 
culty 1)0 partially separated one from tho other. One of these salts is. very deliques- 
cent, quite insoluble in alcohol, and gives with solutions of calcium, barium, zinc, 
iron, copper, silver, load, &c., amorphous, absolutely insoluble, precipitates. ^Tho 
^Wer, silver, load, and barium salts agree with the formula C®H*M®0*, The acid is 
tntrefore bibasic and isomeric with adipimalic acid (p. 29). Wisliconus designates it 

‘^sparadipimalicacid. 

ine sodium salts of the other two acids aro easily soluble in dilute alcohol, very 
paringiy soluble, but in various degrees, in strong alcohol. The more soluble of the 
acrylate; the other has the formula 0*H*H'a*0*. The acid of this 
L isomeric with dilactio and paradipimalic acid, is called by Wisliconus, di- 

lie acid. Heated to 120® with hydriodic acid of sp. gr. 1’6, it is con- 
^lo^^’l^kohydracrylicand acrylic adds, into i8-iodopropionic acid; paradipimalic acid 
exhibit this transformation. The sodium salt of dihydracrylic ^id is more 
calpb?*^***^*^ paradipimalic acid, and gives no precipitates with 
thn barium salts, but with load salts it forms a predpitato soluble in ezeera of 
(Wisliconus. Deut. Che^, Ge9. Ber. In, 800 ; Ann, Ch. Pharm, 8; 

(Hointz, Ch. Pharm. dr. 28). 1. EihlfUdtHejaeiamio 

Bethar which is a dwitative of fermentation lactic acid, is formed, to« 

boiling a-^oropre^onio add with aqueous ammoma— 
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CH* 

IjIICI + 2NH* 

toOH 


OH* 

NH<C1 + 

dlOOB 


2. Ethylidene-dilactamio acid, or simply Dilactamio aoidt C*H"NO\ ia formed 
when, in preparing alanine by StroQ^Lor’s method, yk: by heating aldohydo-ammonia 
with hydrocyanic acid and excess of hydrochloric acid (i. 03), the hydrochloric acid is 
added first, and the hydrocyanic acid afterwards. The chlorine liaving been removed 
in the usual manner by lead hydrate and the load by hydrogen sulphide, any alanine 
that may have formed, precipitated by alcohol and ammonia, and the alcohol 
volatilised, the liquid is boiled with barium hydrate, the barium exactly precipitated 
by sulphuric acid, and the filtrate boiled with cupric oxide. The bluo-grooti sohition, 
when loft to evaporate, deposits indistinctly crystalline grainsj which, when purified by 
washing with alcohol and rocrystallisation, have the composition of cupric dilactamaU, 
(:)®H"NO*Cu (at 110®). This salt does not dissolve very easily in water, is nearly in’ 
soluble in alcohol, and does not appear distinctly crystalline, oven under the micro*- 
scopo. When dried at 110® it loses 16-62 to 17*01 p.c. water, and therefore prob- 
ably crystallises with 3 mol. water. It is very difieront from the copper salt of 
alanine. 

Dilactamio acid separated from the copper salt by hydrogen sulphide, crystallise 
from a concentrated aqueous solution in very slender microscopic noodles, from tho 
alcoholic solution in Lirger needles. It dissolves easily in water, less easily in 
aqueous alcohol, not at all in absolute alcohol. 

The formation of dilactamic acid is nccompauiod by that of other substancos, pro- 
bably including tri la eta mi c acid. 

OH"(NH*)— CH— CHOH 

3. Hydracrylamio acid* • j ^ | , is formed, together vith 


clihydracrylamic acid, by tho action of ammonia on iS-iodopropionic acid : 

CHH CH®(NH®) 

^OH + 2NH» = NH*I + 

°\AhOH 


The two acids may bo separated by repeatedly boiling down tho solution with laul 
oxide, as long as ammonia continues to escape, exhausting tho residue with water, 
which leaves a residue of basic load iodide, and adding ^cohol, which precipitates 
the lead-salt of dihydracrjlamic acid in colourless needles, while the hydraciylamato 
remains in solution. . - i. -i 

A bettor method of separation, however, is to convert the two acids into the silver- 
salts. To effect this, tho iodine aud ammonia are removed as above described, and Uje 
lead is predpitatod from the solution by sulphuretted hydrogen. By adding silver oxide 
to the filtrate, as long as silver dihydracrylamate is formed — a salt which is dmpBt 
insoluble in water — and passing sulphuretted hydrogen through tho filtrate, a soliition 
of hydracrylamio acid is obtained. This solution, when evaporated, leaves 
a syrupy liquid, which, by agitation with ether and repeated boiling of the residue 
witJi alcohol, is converted into a solid mass. ^ 1 te 

Hydracrylamio acid is readily soluble in water, but neMly insoluble -in 
alcohol. It crystallises in transparent prisms, belonging probably to - 

system. On heating it to 170®, it turns brown, and sublimes very slowly m V 
needles; at a higher temperature it ia completely decomposed, leavingf a 
combustible charcoal. It has a sweetish taste ; tho &int acid rcjaetion of iv ^ 
trated solution i$ probably due to the presence of a little dilactamic acid. It com 
with bases as well as with acids. , * .Art 

The copper salt (C*H*NO®)*Cu + 6H*0, which is much more soluble 
tho corresponding alanine compound, crystallises in large dark-blue rhomwe pw 
With silver nitrate the acid yields the compound C*H*NO*.AgiNO*, in colouiiflCC ' 
which defiagrato on heating. ^ ^ ^ 

4. Dihydraerylamio acid, 0*H“NO*, obtained by decoinposii^ W 

• la Halnta'smper this add Is called etkslene-ladsmia at am iMi4isiaip||i^^ 

formula CR”(HH,*)— 4IH^->OCX>H ; bnt.aoooxtUas to the explanattime alvesm gtlwM* ~r^ 
tlon Of /l-lodi^propionle add and Its dexfvattvee, It must be bTOnuaykhnifi mwL 
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tflver salt sulphuretted hydrogen, remains on evaporation as a thick, colourless 

sItup solidifying on standing to a radiate crystalline mass. Once, by adding 

A)flrticlo of the solid acid to a concentrated solution, distinct crystals wore obtained 
consisting of shining plates or flat needles. 

Jf, to the solution saturated "with ammonia, silver nitrate is added, a precipitate of 
silcrr dihydvacrylamate^ C*H“NO<Ag-, is obtained. On adding more silver nitrate to 
i!ie filtrate whilst warm, the compound C®H*®N“0'Ag* + l iH'^O separates on cooling 
ill colourless cij'stals. When ammonia is added to its solution, silver clihydracrylamatu 
js procipifciito^* . ■ . 

Acconliiig to the formula of dilactic acid suggested by Wislicenus (p. 720), dilac- 
timic mid dihydracrylaniic acids may perhaps bo represented by the following con- 


cn* 

in 


CH* 

(!!H(NH») CH> 

CH*(NH*) 

dn 

lio Ah 

0 


[300II 


Bilactazulc 


I 

n 


COOH 

Dlbydracrylamio 


LACTIC FERMEITTS. See Feuments. 


LACTOEZe AClSt CII^^O®, syn. with Isodiglycol-ethylcnio add (iii. 414). 
This .ipi'l, produced by treating milk-sugar with bromine, and the product with silver 
is Pi'ganled by Fittig as monobasic, and by Jllasiwvtz as bibasic, for reasons 
Hiiiilur ti) those adduced with reference to gluconic acid, OTl'-O' (p. 5G0). The so- 
I'.iliol Liihasic colcium aiul barium sails, C'lFCaO'* and O^IFBaO", are produced in 
ill.' samo Ilia liner as the corresponding gluconates. 


LAOTUAAXazc ACZD, C^H^N-O* = CH»~CH(NH.CONIF)— COOH (Urecli, 
Ami. Ch. Vkann, clxv. DO). This acid is formed by heating alanine sulphate in aqueous 
eoluiiou M'ith a slight excess of potassium cyanato : 


CII» 


CH» 


CH(NH*) 

ioon 


+ CONK 


SO<K» ^ 

— 2- + 


i!H(Nir.CONH») 

Ijooh 


Ou adding a large quantity of alcohol, removing the potassium sulphate by filtration, 
crapomtiug, nnd crystallising the pro<lucb several times from alcohol, hicturnmic acid 
is olitained as a white indistinctly crystalline mass, slightly soluble in cold alcohol, 
insoluhlo ill ether, melting with decomposition at 15/5°. Heated ivdth hydrochloric 
acid in a scaled tube, it is resolved into alanine, carbon dioxide and ammonia : 


C<IPN=0» + HCl + H*0 « NH*C1 + CO* + C^H^NO*. • 

S/tffr Iaciurama£e, C*H’N®0®Ag, obtained by adding silver nitrate to a moderately 
dilul i! solution of the acid neutralised with sodium carbonate, crystallises gradually in 
n' Cflks grouped in tufts oi* double wedges, anhydrous and somewhat sparingly soluble 
(C*H®N*0*)*Pb + 2H®0 is obtained in colourless crusts by 
Ujiling tlio uqueous acid with excess of lead carbonate, and leaving the filtrate to 
'■'apomto. The copper salt^ obtained by saturation, forms a blue solution which dries 
P under tlio exsiccator to an emerald-green mass. 

1 C*H*N*0*, is produced by heating lacturamic acid to 140° as 

S ns vuter continues to escape : 


CU» CH* 



ntj, , ^^position is precisely analogous to that by which hydantoih, C*H®N*0*, the 
L **®“}ologuft of lactyl-urea, is formed ftom acetonyl-uramic acid. (Uroch.) 
Wkil’ formed in the preparation of alanine lirom aldehyde-ammonia by 

potassium mnidois used instead of hydrocyanic acid (Heinta, 
^ Wonui 1 20). For this purpose hydrochloric acid is added to aldehyde- 

cyanide dissolved in water, and after some daprs the solution 
related in order to allow ammonium (boride and potassium chloride to separate. 

8A9 
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The syrupy liquid is treated with ether>alcohol to dissolve the alanine, and after th 
removal of the alcohol and ether by distillation, the substance is saturated 
ammonia. The addition of alcohol now causes the separation of alanine contaninat^ 
with sal-ammoniac, and the alcoholic liquid separated from this contains lactyl-ui^ 
together with several other substances. The lactyl-uroa may bo separated as follows^ 
The potash and amraouiu are precipitated by sulphuric acid, after which the alcoholT 
removed by distillation, and the chlorine is sejmrated by silver hydrate, the excos* 
of silver being then tlirown down by sulpliydric acid. After the small romainin* 
portion of ammonia has been removed by boiling with baryta, and tlie baryta by sub 
pburic acid, a syrupy residue is obtained on evaporation. This syrupy liquid diasolvfs 
in alcohol, from which it separates on addition of other. The idcoholic filtrate sepa- 
rated from this syrup is freed from alcohol by distillation, and the acid residue n^- 
tralised with lime, Lactyl-urca is then deposited in long noodles which, when purified 
by crystallisation and pressure, are converted into large colourless rhombic prisms 
efflorescing in the air, and containing C<H*N=0- + H*0. When deposited from a 
strong hot solution it forms anhydrous mici-oscopic needles. Its formation in this re- 
action is duo to the presence of cyauate in tlio potassium cyanide employe<l, consider- 
able quantities of it being formed when a solution containing potassium cyanate, 
potassium cyanide, and aldehyde -ammonia is treated w'itli dilute si^phuric acid. ' 

Lactyl-urca crystallises in cauliflower-liko tufts, easily soluble in water, insoluble in 
other; it melts at 140° (Heintz), 125° (Uroch), and sublimes slowly at a somewhat 
higher temperature, the molted mass becoming brown at the same time. Its taste 
is bitter; it is easily soluble in water or alcohol, less soluble in ether, and it is 
neutral to litmus. When it is heated* to 100°-145° with barium hydrate, much 
ammonia is evolved, and the rosiduo contains alanine and barium carbonate, A 
similar decomposition takes place when lactyl-urea is boiled for a very long time with 
baryta-water ; but when it is boiled with baryta-water for half an hour only, 
barium lactamato is formed. 

Lactyl-urca treated with silver hydrate forms the compound C*H*AgN®0*, almost 
insoluble in water, but soluble in ammonia, and precipitated as a white powder from 
its ammoniacal solution by nitric acid. L^tyl-urea does not appear to combine with 
silver nitrate (Hointz). 


KAWARXITS. This mineral, from Loadhills in Scotland, was examined more 
than fifty years ago by Brooke, and more recently by Thomsen, both of whom regarded 
it as a compound of sulphate and carbonate of lead (iii. 467). But recent analyses 
by Pisani {Cmipt, rend. Ixxvi. 114) and by Maskelyno a. Plight {jChem, Soc, J. [2], 
xii. 103), have shown that it contains no carbonic acid, but is a compound of sulphate 
andoxido: PbSO^PbO. 


Sulphate 
Oxido . 


Flsanl 

HaskelTne 
a. FUght 

Calcnlation 

64*17 

67-70 

57-606 

43*66 

42-80 

42-396 

tl7*83 

100-69 

i7o-ooo 


The older analyses wore probably made upon a difiTorent mineral. 

RAirTAarvuc ACZD. On the compound thus designated by Schliepor, see 
ALLA27T0irr (p. 46). 

RAWTBiLirinMr. Por Mendolqjdfs views regarding the atomic weight of thil 
metal, see Ceiute Metals (p. 273). 

Por Erk’s method of separating lanthanum from didymium, see DfDTMimf (p^ ^28). 

liASTTBOPZSrSa One of the bases obtained by Hesse from the aqueous extract 
of opium. See le^ Suppl, 774 ; also Ofittk-Bases in this volume. 

If AjrvazX’ZC ACZB, An acid produced by the action of idhaljo 

upon wool. When wool purified by treatment with alcohol, ether, and boiliofi acetic 
acid is boiled with concentrated baiyta-water, the excess of baryta removed by ^ 
bonic acid, the filtrate precipitated by lead nitrate, and the copious precipitate waabeu 
and decomposed by hydrogen sulphide, the solution on evaporation leaves 
acid as a yellowish, translucent, unczystallisable mass. Its barium mlt v 
C”H"N>«0“Ba; lead salt, C”H«N*®0"Pb (P. Champion, W 

BAVniAflrzirflv BAUBawobikb. Bases obtained by Hesse AM 
aqueous extract of opium. See let Suppl, 774, and Ofiux-Basw In thin 

XAVB.'nBVBf The terpeno from Bay-oil. See Onfl, VoiianA 

KAWKOWm. This mlneml. described by Kokselii^ (M. 
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oecurs in crystalline grains, together with small druses of vanadi olito, in quartz, on 
a vein of limestone in the valley of Sludanka (or Sludjanka) near Lake Baikal, 
liiiwrowito is cleavable parallel to the faces of a prism of 87® ; hardness 5 ; sp. gr. 
a-04. Vanadiolito has a conchoidal fracture, blackish-groen colour, greyish-green in 
the streak, translucent on the edges, and molts with intumescence to a black slag. 
Iloth are mixtures of augitic substance with (so-callcd) calcium hypovanadate, lawro- 
■svite being a grass-groou diox)sido containing 4*20 p.c. of tliat suit as pigment, 
while vanadiolito contains 1 mol. of the hypovanadate to 3 mol. of augitic sub- 


gtance:— 

SiO* 

Lnwrowito 53*65 
Vanadiolito lO'Gl 

A1=0* 

2-26 

1-10 

FeO 

2*48 

1*40 

GaO 

2305 

34-43 

MgO 

16*00 

2*61 

X* 

2*57 « 100 

44-85 = 100 

(R. Hermann, J. pr. Cham. [2], i. 442). ‘ 




AAXnCAJnvZTB* A mineral occurring at Reresowsk in Siberia. Hardness 
=.,3. Sp.gr. =6*77. Colour, olive-groon. Two analyses by Nordonskiold {J. pr. 
Chm. ev. 336) gave— 

l*bO CiiO 

61-26 12*43 

6106 10*85 

Pe"0» 

1*09 

1*28 

Cr’O* 

15-26 

16*76 

PSQ* 

8*05 

8*76 

n»o 

1*31 

0*90 

= 99*40 
= 99-60 


whonco Nordonskidld deduces the formula — 

3(|Cu0.JH='0).P»0» + 2[3(PbO; CuO).2CrO»]. 

He supposes that the and CrO" in this mineral arc isomorphous, and Llicnce 
deduces the general formula — 

a(|R0.JH*0)»P*0» + &(3R0.2Cr0*). 

1{. Hermann {ibid, [2], i. 447) dediices from Nordonskidld’s analysis the formula — 
2(3Cu0.P*0'‘) + 6(2PbO.CrO») + 2H*0. 

He moreover regards laxmannite as identical with vauquolinite (i, 934), assuming 
that Berzelius overlooked the phosphoric acid in the latter. 

li TRAp . Occnrrcnc(\ — On Antimonitc and Antimonate of Lead occurring at Con- 
Btaiitinc in Algeria, see Nadoiiitm. 

On ii.'ilivo Molybdates and Vanadates of Lead, Eosite, Dechonite, Doscloizite, &c., 
see MoLYiJDATJis and Vanadates. 

Metallurgy. The extraction of lead from galena in reverberatory furnaces at 
‘Nouvcllc Montague* is described by V. Bouhy ^nn. Min. [6], xvii. 169 ; Jakrcsh. f, 
Chem. 1870 , 1076 ). 

Lmd Fume. — C. P. Williams {Chem. News, xxiii. 236) has analysed the fumes con- 
ernsed in the flues of furnaces in which lead ores containing zinc arc smelted ; I. So- 
called ‘Bartlflt Lead -white.’ II. Zinc-white from the ore of Sinking Valley in Penn- 
fiylvania. III. From Wisconsin ore worked for the preparation of zinc-white at 
■uirDiingliam in Ponsylvania. 


ZnO 


I. 

. 72083 

II. 

73-246 

m. 

9-23 

PbO 


. 0*274 

— 

13-21 

Sb*0» 


. trace 




Fo®0* 


. trace 



trace 

PbSO« 


. 23-968 

25-084 

74-06 

ZdSO« 


0-810 

0*674 

trace 

ZuCl® 


0*839 



Fe®Cl« 


. 0071 

- 


SbCl» 


. trace 



CdCP 


. 0*256 

r - 

- 

CdSO« 

• • 


0187 


CaCO» 

• J 



0-729 

8-27 

SO* . 

• 1 

. - 

— 

0*84 

Lead in total . 

. 16*624 

17-132 

62-840 

Silver 

M • 

. 0-0087 

0-014 

0-0019 


to condense such fumes in chambers through which iroterfiillB in 
lorni of rain (compare iii. 628-626). 

• Hypovaniidio oxide, VO*. 9V0*. 
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« -I • ^ hu 7iac — K Zoiller a. A. Henry {Ann. Min. [6], ml, 44?) describe 

the Brothers Horbst in Call. 

tje mode of ^ , , j? ^jjg for this quantity 90, 60, and 67 kilograms 

fhe molting P^^fn^thio nortioM to reduce the amount of silver in the lead from 5l)0 
of zinc are used iii P is freed from zinc by treating the contonU of the 

to 2 grams per ton. I P , ^ ^ sulphate (mud from the sulphuric acid work at 
pan at a rod heat m^^h loO kdo. 

Stolber^), 2 inc The crust is stiiTed vigorously into the molted metal to 

acts in Its turn on th . themselves when a sample of tho 

promote tho yoaction. T appearing in the middle, which is so 

l^id IS cast jn J’ tlio presence of the smallest trace of zinc. The pool 

characteristic that it will i froni antiraonv by heating with lime (40 kilo, to the 

lead thus W item ofziuc is dift™.,ly 

contents of a pot), ino sc . . • yje, is melted in a furnace 

from those last ohtaned Ihe first fif for cupellotion. The prer 

•with coke and refinery *'*& ^Uions of sine are fused -with carnallite and sal- 

sennm obtained by the subsequent kilo, sal-ammoniim). The 

ammoniac (loOO ^o. “uim ^k 1 . ammonia is given 

mixture is heated to 400 . A c^c oi 

off, and rich r ™.vf[i 214) describe the methods of desilver- 

of oTor-heatod stem. . jt^ tho treatment of poor lend containing me 

n) At tho ^KKnXndonctl and cSdeavonrs wore made to 

and antimony «ntimonv bv poling. The aqueous vapour given 

romoTO tho anc and aftorwntds th tUpK^metAls bStor the higher tho tempetaturo 
off from the ixde "'"ras bj * 

roJeS’imSSt” xini-nenm was remelted in blast-furnace. 

Friedrichshiitto m Tarnowite, . thereby reduced from 1*4 to 0*68 p.c. of 

portion of lead, tho con.sumption f ^ ® In tho first and third, tho 

the argentiferous lead. Threo meltin^lHi , . ^hg slnc-scnm from two pots 

IJ^enSerous load " the omde rmo^^nd ^c^xmc ^ 

previously worked was J into tho middle one and thoro 

obtained was removed from the first Pj i hich remained in tho pans, was 

refined. The lead which, ran off, M .d»o 

repeatedly mixed with sine till ‘’j® ^ -u ® ^“^o* Stassfhrt salts and simultan^ 
The poor lead was freed from ““ by *o ^e o^ &wra ^ 0-0009 pc. 

jr:rra™<nLni^r.r^,..»^ “ 

gtMl improvement of tho process ^ “S S^rmethod tho one » stined 

Kof X secondary products undent ^abo«. fonned. the 1.^ 

into tho fused argeutiforous lei^a ^ redness in closed 

drawn off from beneath it. 1 ho poo .^..h ovtsrheated steam, which, nowsver, 

mixture of oxide is treated with hydr^lOT^io w ^ ^ ^ oO® “ 

“fda which can easily bo refined., I" are imiuaiafd » *« 

- ' . • V ■ , 

transferred to tho sl<^ 


a & o& SS 
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Historical notices of the process of desii^ering lead -with sine have been giTen by 
Otunor (B«y. “• Unttmm. Zeitumg, 1870, 190) and by Balling [pmgl. pol, J, excriii. 
52). 

jg ptlm fttlolla F. H. Storer {BuU, Soc, Chim. [2], xi 7 . 213), estiinateB the amount 
of lead ill galena and other compounds by decomposing the compound with hydro- 
chloric acid in presonco of zinc, whereby hydrogen sulphide and metallic lead are pro- 
duced. The same decomposition may bo eifectod by hot oxalic acid, acetic acid, and 
dilute sulphuric acid. Dilute nitric acid, on the other hand, even at ordinary tempe- 
ratureK, forms frco sulphur and nitrate of lead. Decomposition with hot hydrochloric 
acid is the best process for estimating the lead and sulphur, especially for the variety 
of galena occurring in America, which contains no heavy metal except lend. 2 or 3 
grams of the fiuoly-poundod ore are placed in a beaker, together with a zinc regiilus 
1 inch ill diameter and ^ inch thick, and treated with 100 to 150 c.c. of dilute hydro- 
chloric acid (1 vol. ^id to 4 vol. water), the liquid being heated to 40°-50®, and the 
vessel is covered with a watch-glass and sot aside for Id to 20 minutes. After the 
liquid has become clear and no more hydrogen sulphide is evolved, tho solution is 
jTOurod upon a moderately largo filter of smooth paper on which rests a piece of zinc; 
ihc lead thereby precipitated is washed with water, and introduced into a tared porce- 
lain crucible, tho zinc being cleansed with a glass rod or a piece of caoutchouc. Tho 
lead is thou dried nt a moderate heat in a BtTc.am of coal-gas. Tho amount of sulphur 
in tho giilona is estimated by arresting the escaping hydrogen sulphide in the usual 
way. if idle galon.n, is mixed with insoluble matrix, the lead after weighing is to bo 
di.ssolviH.l in dilute nitric acid, and the residue weighed. Tho same method of analysis 
may bo applied to tho sulphate, chromate, nitrate, carbonate, and other compounds of 
load. Attempts to estimate the lead and sulphur in galena by means of nitric acid 
and zinc did not give s.atisfactory results. 

Mascazziiii pol, J. cevii. 46) describes a now method of assaying lead ores 

biiacd upon the coiiver.sion of tho lead into sulphate by heating with ammonium sul- 
phate. Lead opos which are all but free from other metals may be roducod directly 
by menus of nascent hydrogen (the zinc should bo finely pulverised) and subsequent 
fuKion into a button of lead. Ores containing blende or pyrites must first be converted 
into sulphates by mcnn.s of ammonium sulphate. Tlio quantity of salt required varies 
mill tho percentage of metallic sulphides present. Two parts by weight of tho dry 
Riilphnto usually suffice for the conversion of tho richest ores into sulpliates. The 
mixture of ore and ammonium salt is heated in a porcelain crucible covered with a 
Munll inverted dish. As soon as tho boiling up has ceased, the temporaturo can bo 
increased to strong red heat, without risk of losing any substance from spirting, till 
the ferric and cupric sulphates undergo decomposition. Tho mass when cold is readily 
‘lissolved out with hot water acidulated with a little sulphuric and hydrochloric acid, 
Tho latter prevents tho silver from passing into solution, especially if the liquid bo 
diluted and allowed to stand for some time. Tho insoluble portion, consisting of lead 
sulphate and silver chloride, is removed by do&antation and filtration, and is well 
vaslicd with hot water, dried, removed to a flask, and treated with powdered zinc 
and hydrochloric acid os long as any reduction takes place. Two parts by weight of 
zinc are generally sufficient to reduce one part of pure galena, provided both the 
metallic zinc and lead sulphate be in the state of a fine powder and intimately mixed. 
Since even the best kinds of zinc contain a little lead, it is necessary to determine tho 
amount of lead so present, and to make ^lownnce for iL Tho spongy mass of reduced 
metals is washed w-ith water freed from air, or with water acidulated with a little 
uiluto sulphuric acid ; it is next transferred to a flat basin, pressed with a flattened 
glass rod, and thoroughly washed. Tho mass is then introduced into a crucible, dried 
fit a gentle heat, and mixed with 14 to twice its weight of a reducing flux, covered 
with a thin layer of the same, or a Iittlo dry sodium chloride, and fused by raising the 
gradually to a rod heat. 

A flux proposed by Plattner, consisting of 13 parts by weight of potossiiun car- 
of T’ 1 sodium carbonate, 6 parts of fused borax, and 6 ports 

«riea starch effects tho fusion readily, and yields a clean metallic button. 

i lie same process is applicable to tho analysis of white lead, minium, and litharge, 

caa ores containing gold and silver, and by somewhat modifying the fluxes, also to 
in of antimony, tin, and copper. Should the gold or silver ores be deficient 

regul*^ ’ ^ of litharge or lead salt is added, sufficient to yield a proper 


ZeaeZ/row Zine , — The separation of these metals in galena and 
200° i effected by heating the finely powdered mineral with excess of iodine to 

tents 1 ^obe for several hours, then breaking the tube, pulverising the con- 

then 1 m powder with distilled water till the excess of iodine has disapjpeared, 

- 2 ..__ ...... ' 
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while the lead remains bn the filter as iodide together with sulphur and mat^. Th 
lead iodide may bo extracted from this mixture by hot water (ihlhol a. MelliM 
am. PAy/r. [4], xxii. 64). ^ dnn. 

Analysis of Soft Lead , — The following method is given by PreSenins (Zeiisehr 
anal. Chem. viii. 148; Zeitsehr. f. Chem. 1870^58; Jahresh. f. Chem. 1870, 906 V 
1. The load having been scraped clean with a knife, two pieces weighing 200 graiHs 
each are treated with dilute nitric acid, which dissolves the lead completely, excoptiuc 
when antimony is present, in which case the solution must be filtered and the undis- 
solved oxide mixoa -with the subsequent antimony precipitations. The solution of one 
portion is diluted to 1500 c.c. and mixed with 1 c.c. of hydrochloric acid, sp. gr, 1‘12 
pre\doiisly diluted with about 60 c.c. of water. This quantity is too small to produeo 
a precipitate of lead cliloride ; silver, if present, is deposited as chloride after two or 
three days standing, and after the liquid has been siphoned off, may be collected on a 
filter, washed, and weighed. The solution of the second portion of lead is mixed in a 
2-litro flask witli about 116 grams of pure strong sulphuric acid, and diluted up to 
the mark with water. As soon as tlie liquid above the precipitate has become clear 
1760 c.c. are measured off and evaporated till fumes of sulphuric acid are abundantly 
given off; the residue after cooling is mixed with 60 c. c. water ; and the solution is 
Altered from the separated lead sulphate. This precipitate is to ho dissolved in hydro- 
chloric acid, the solution precipitated with hydrogen sulphide, the precipitate di- 
gested with potassium sulpnide, and tlio resulting solution tested for antimony by 
acidulation with hydrochloric acid. TJio sulphuric solution diluted and warmed is 
treated with hydrogen sulphide ; the liquiil, after standing for twelve hours, is filtered 
off at a gentle heat; the precipitated sulphides are digested with potassium sulphide; 
the resulting solution acidiilat^ with hydrochloric acid; and the sulphides of antimony 
and arsenic thereby precipitated are added to those previously obtained. 

The precipitate insoluble in potassium sulphide is treated with dilute sulphuric acid, 
and the solution is evaporated with addition of sulphuric acid, filtered from the sepa- 
rated lend sulphate, neutralised with potash, and mixed with sodium carbonate and a 
little potassium cyanide. On gently heating the liquid, bismuth oxide is precipi- 
tated, which, after washing, may bo dissolved in acid, precipitated with ammonium 
carbonate, and weighed. 

^ The solution containing the potassium cyanide is tested with a few drops of potns- 
siiim sulphide for silver and cadmiu m. If a precipitate is formed, it must bo dis- 
solved in nitric acid, the silver precipitated by hydrochloric acid, and the cadmium, 
after concentration of the filtrate, with sodium carbonate. The solution freed from 
these two metals is to be acidulated and evaporated to expel hydrocyanic acid, and 
treated with hydrogen sulphide to precipitate copper; the precipitated sulphide is 
weighed ; and the estimation (if the quantity is very small) checkra by titration with 
potassium iodide, after solution in nitric acid and evaporation witli sulphuric acid. ^ 

The precipitates of antimonious and arsenious sulphides are washed, dried 
and treated with carbon sulphide, then oxidised with fnming nitric acid, mixed with 
sodinm carbonate and nitrate, dried and fused. The fused mass, after softening and 
trituration with water, is washed with a mixture of water and alcohol ; the. filtrate, 
after concentration, is heated with dilute sulphuric acid till all the nitric add is 
pelled, and hydrogen sulphide is passed into it at 70®. The precipitate is exhau^ 
with the smallest possible quantity of ammonium carbonate, the solution acidulated, a 
little sulphuretted hydrogen passed into it* and the resulting precipitate of arseni ons 
sulphide dried at 100® and weighed. The result may Ibe verified by Keffll^s 
method of titration with chromic add and ferrous sulphate 
The procipitato is treated with a hydrochloric solution of mercuric chloride, wh^Dj 
the arsenic is dissolved as arsenious acid : 2As*S* + 9HgCl* + 8H*P « 2As 0 + 
3(2HgS.HgCl‘) + 121101 ; the resulting solution is mixed with a titrated sol^i®® 
acid potassium chromate till a permanent yellow-green is producerd ; a titrated win- 
tion of ferrous sulphate is then added till a drop taken out gives a blue precipitaw 
with dilute potassium forricyanide ; and finally chromic acid solution is veiy graa^i^ 
added till the blue precipitate has disappeared, the solutions being of course so dUU 
that the green colour of the chromic oxide shall not interfere wi^ the 
the blue precipitation. On deducting Uie quantity of chromic acid Mltition 
to the ferrous salt added, from the total quantity of chromic arid 
dififorence gives the amount of chromic acid expended in oxidisiiig the aiwui 

The sodium antimonato, together with the antimonious 
the amihonium carbonate, is to be dissolved in hydrochloric a^; the 
cipitated by hydrogen sulphide; and tlie precipitate dried in a stream 
dioxide. The result may be diecked in the same manner as in the cttW'W 
precipitate. ' = 
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The filtrate from the copper sulphide, after concentration, ismade just alkaline with 
aiDTiionia, mixed with ammonium sulphide, and set aside in a closed vessel for 24 
hours. To obtoiii the last traces of nickel, the filtered solution is evaporated, after 
ndilition of a little acetic acid. The precipitate formed by the ammonium sulphide is 
‘trrated several times with a small quantity of a mixture of 6 pts. sulphuretted 
iiydrogeii water and 1 pt. hydrochloric acid of sp. gr. 1‘12, to dissolve zinc and iron. 
The sulphides of nickel and cobalt are dissolved in nitromuriatic acid, after the 
iiilcr has been incinerated; and the solution, after evaporation, is mixed with ammonia 
to slight alkaline reaction, and filtered after addition of a small quantity of ammonium 
carbonate. The filtrate is boiled in a platinum crucible with potash as long as am- 
monia continues to escape ; and the separated nickel oxide, after being weighed, is ex- 
amined witl’i tlio blow-pipo for cobalt. 

Tiie solution of zinc and iron is oxidised by nitric acid, the iron precipitated by 
ammonia, rodissolved, roprecipitated, and weighed. For verification, tho ignited 
oxide may Im fused with acid potassium sulphate, reduced with zinc, and titrated with 
pi rmanganatc solution. The zinc i.s precipitated with ammonium sulphide, separated 
by dilute acetic acid from any manganese th-at may bo present, and weighed. The 
riisult may be cheeked by titration with potassium ferricyanide and permanganate. 
From the acetic solution after evaporation, tho manganese may bo precipitated by 
c.’iiistic potash. • 

In calculating tho results of tho analysis, account must be taken of the space 
occupied in tho measuring vessel by tho sulphate of lead. By repeated experiments 
I'rcsciiina has found that for 200 grams of load this space is equal to that of 45 grams 
of water at 1 6°. Tho quantities of metal determined in 1750 c.c. of solution must 
therefore be referred to the quantity of solution con’csponding with 200 grams of lead, 
tlint is to say, 1 055 c.c., or, as may be assumed for simplification, to 179 grams of lead 
pinploycd. 

hy lc.st experiments, Fresenius has shown that, in tho determination of quantities 
of Tiictul amounting to only a few milligrams, good volumetric methods are affected 
with errors of only O'OOOOo to 0'0002 gram, 'whereas gravimetric methods requiring 
igiiifcio7i of precipitates involve errors of 0*0002 to O’OOOS gram, and those which re- 
qiiiro the collection of precipitates on dried and weighed filters are liable to errors of 
0'0003 to () 0()07 gram. 

Tho table on p. 731 exhibits the quantities of foreign metals contained in a number 
of soft leads of recent production. Analyses 15-21 are by Fresenius, made by tho 
method above doscribocl ; tho rest are by Hampo (Preuss. Zdtschriftfnr Berg-^ Hutten^f 
md Salinenfvciicn, xviii. 195 ; Chem. Cenir, 1871, 281), made by a similar method. 

Alloys of Ibead (A. Bauer, Beut, Chem. Ges. Bcr. iii. 691 ; iv. 449). An alloy 
of loud sxwA platinum^ PtPb, is obtained by fusing 3 parts of lead and 1 part of plati- 
miiii, and exposing tlio very brittle pulverised mass, under a bell-jar, to tho action of 
carbonic acid, oxygon, and acetic acid vaxwurs. After three "U’ceks the white lead 
formed is dis.solved in acetic acid, tho residue left tq form more white lead, then again 
tri'iilcd with acetic acid, and so on till no further action takes place ; tho alloy is then 
BiTarattsd from finely divided phatinum by lovigation. As thus prepared it forms a 
crystalline powder, having a shining surface and steel-groy colour, easily decomposed 
by boiling with mineral acids, but not acted upon by dilute acetic acid. When heated 
It fuses quickly to a crystalline, very brittle, reddish mass, resembling bismuth. It 
may be obtained at once in this state by fusing platinum with a slight excess of lead 
under a covering of borax-glass. Chemical combination takes place readily, and is 
ftccompanied by vivid flashes of light. The crucible should bo allowed to cool slowly 
('ly being placed in hot ashes). The alloy may he freed from excess of lead by treat- 
ment with acetic acid and exposure to air as above. Its density is 15*736, the cal- 
culated density being — supposing no contraction to take place — 14*89. An alloy 
two atoms of load to one of platinum, is obtained by employing excess of 
The alloy PtPb* differs but little from PtPb in its outward appearance, 
pioy of lend and palladium is obtained by fusing granulated lead in a porcelain 
rucible, with somewhat more than one part by weight of palladium foil. Combination 
n- really and is marked by flashes of light. The product is a beautiftil, 
^stailine, brittle, greyish-white mass, which is freed from excess of lead by acting 
acetic and carbonic acids. It is attacked freely, sugar of lead and white 
being formed ; and on powdering it very finely and exposing it repeatedly to the 
acids, it was found that palladum even dissolved in acetic acid, and 

' ‘'P®. remaining alloy was of constant composition. This alloy, which has the 
a Pd*Pb, forms a steel-grej, crystalline po'wder, difficultly fusible, and having 

tirili . of 11*226, theory equiring 11-66. When it was used as a nega- 

®^®ctrode ina battery of six Bunsen elements, no ooclnsion of hydrogen could be traced. 
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ISTo allofi cf load and gold, or of lead and fiilror, could bo obtained by fatting toge- 
Umt the respective metals. ^ 

An amalgam of lead is obtained by melting 2 parts of lead in a crucible, and gradu- 
ally adding 1 part of mercury. The resulting amalgam is then acted upon with acetic 
and carbonic acids whilst exposed to air, ns long as any sugar of lead and white load 
is formed. It contains 40*86 of lead and 69*12 of mercury, the formula Fb'Hg> re- 
quiring 40*82 of Pb and 69-17 of Hg, and forms a compact, crystalline, granular white 
mass, of specific gravity 12*49 at 17®. The calculated density of au amalgam of 
J*b^Hg* is 12*6085 (sp. gr. of Ilg = 13*o57). Hence it follows that nocontmetion has 
taken place. This is quite in harmony with tho observations ni<ado by Urookewitt 
(Ann. Ck. Pharm. Ixviii. 290) on amalgams of cqnal atoms of load and mercury, but 
runs counter to tlic observations made by KnpfTcr on lead amalgams. 

&ead Cblorlde, PbCP. The solubility of this compound in water and in aqueous 
hydrochloric acid was determined in 1868 byJ. C. Pell (1st Suppl. 776; Che^n. Soe.J. 
[2], xxi. 360), who found that pure water at 17*7° di.ssolvo8 0*946 part of it, or 1 part 
in 120 ; with tho addition of 1 p.c. hydrochloric acid, only 0*347, while with 14 p.c. of 
tho acii only 0*090 is dissolved, which is tho minimum quantity. After the liquid 
becomes more acidified, tho solubility of the salt increases, so that at 72 po;. of acid it 
is more soluble than in water, and in the pure acid (sp. gr. 1*162) as much as 2*900 
is dissolved. The reaction is rather different Avhen sodium chloride is used as a solvent. 
Field (C/ie7n. Soc. J. [2], xi. 675), whoso ox|)erimeuts also show that the solubility of 
lead chloride in pure water is 1 part in 120, finds that, on the addition of sodium 
chloride to the extent of 6 p.c., the solubility of tho lead chloride decreases very con- 
siderably, and only 1 in 437 remains in solution. When, however, the lend salt is 
digested with a concentrated solution of sodium chloride, it is found to bo rather less 
soluble titan in water, viz., 1 in 129. This fact may bo strikingly exemplified by the 
addition of .solution of sodium chloride to an aqueous solution of lead chloride, when 
crystals of tho latter are deposited, and vice versd, when water is added to a solution 
of lead chloride in concentrated sodium chloride. 

It is well known that when lead sulphate is treated with hydrochloric aci^ lead 
chloride is formed and free sulphuric ficid remains in solution, and Field’s experiments 
show that even a cold saturated solution of sodium chloride immediately decomposes 
lead sulphate. And it almost appears that at first there is not only an actual decom- 
position, but a solution, as 1 gram of lead sulphate dissolves perfectly in 100 grams of 
solution of sodium chloride, and after some hours deposits crystals of lead chloride. 
Sulphuric acid, or a soluble sulplmto, gives no precipitate with lead chloride dissolred 
in sodium chloride. 

The different form.s of crystals of lead chloride observed by Mr. Boll, some being in 
fine needles and others in feathery plates, may bo obtained in great beauty by the 
following method ; — A solution of aniline hydrochloride forms lead chloride with diffi- 
culty; indeed, both solutions must Im rather concentrated before any reaction is per- 
ceptible. On leaving tho liquid to stand somo time, fine needle-shapd crystals are 
deposited, and if to the mother-liquor a few drops of sodium chloride be added, a 
beautiful mass of iridescent scales is produced, differing entirely in physical structure 
from tho former. When potassium iodide is added to a solution of loud chloride in 
sodium chloiide, the precipitate formed is not amorphous, but has tho brilliant spangly 
appearance which it presents when deposited from its solution in hot watw. 

When sodium chloride is added to either acetate or nitrate of lead, if the solutions 
bo sufficiently concentrated, it is well known that a white precipitate is formed con- 
sisting of lead chloride. But if acetic acid be immediately added to the precipimte 
produced in tho acetate solution, tho whole is entirely dissolved for tM moment, on 
crystals of lead chloride speedily begin to form ; the precipitate in i-o* 

solution remains unchanged on the addition of acetic acid. And further, if to 
solution, after the precipitation of lead nitrate by sodium chloride, aliv awtate he w t 

even in the cold, a cloudiness is immediately formed which graduwly. bcc^M F" 
cipitate. This is particularly tho case with copper acetate, which, if 
solution above referred to, yields in a few hours a ci^ioiis depjosi^ perfeetiyiw 
in acetic acid. The same reaction is produced by tho fermatea (Field). 

&ead Oaldea. The m o n ox i d e, PbO, is completely reduced by 
at the temperature of melting zinc (I. L. Bell, Chom, Nuodt xxiii. 2M). . . . 

acted on hy phoiphortu trichloride a,t 160°, but when it is BH»etoned 
chloride and imat^ directly over a lamp-fiamc, a violent 
with flame and ignition, chloride and phosphite of lead beil|g fonw%.**W ; .^ 
quantity of lead separated in tho metallic state : 

flPbO + 2PC1» - 3PbCF + ^ ■ 
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The dioxide acts on heated phosphorus trichloride vith ignition, according to the 
equation : 

4PbO* + 4PC1» = 3PbCl» + Pb(PO»)* + 2PCPO 
(Michnclis, J. pr. Chem, [2], iv. 449). 

B,ed Lead * — The usual process of manufacturing rod load by exposing massicot in 
trays in tlio same furnace that serves for tlio production of the massicot is todious 
and often gives an extremely small yield. G. Mercier (Ann, Ch, Pharm. clx. 252) 
observes that this inadequate result is duo to the changes of temperature to which in 
sucli a furnace, it is necessarily exposed. Tho principal point to be attended to, next 
to access of sufficient air, is constancy of the right tomporaturo : for tlio temperature 
at ‘which massicot takes up oxygen, and that at which red lead loses it, lie r^y near 
each other. The most favourable temperature for tho formation of red load approaches 
that of a dull red heat, without, however, reaching it. 

Tho greatest beauty in tho red lead corresponds with tho greatest increase in weight 
in the massicot: this is about 2 p.c. But after the maximum weight is readied, tho 
brilliancy of the red lead can stiU increase or diminish through a change in its mole- 
cular condition. 

Mercicr has constructed a furnace for use on tho large scale, best adapted for tho 
manufacture of red lead. It is essentially a largo muffle, round which the firo plays 
ill a great number of small cliannols. By means of easily worked dampers in certain 
of these channels, tho heat can ho regulated at pleasure in that part of tho furnoco. 
By this furnace in full action and coutinuonsly workedi about 4 tons of rod lead may 
be produced in 24 hours. 

XiSAAHXXiXiZTa. This sulphato-carlx>nato of load, PbSO*.3PbCO^ originally 
found at Lanark in Scotland, appears from the observations of £. Bertrand (Bull. 
Soc. Chim. [2], xiz. 17) to occur also at Jglesias in Sardinia. Some fragments of a 
mineral from this locality exhibit in polarised light, coloured rings which show that 
tlio mineral belongs to the trimetric system ; the optic axes are more divergent for llio, 
red than for the blue rays. The apparent inclination of the axes in air is about 
20° 30^ for natural light. The crystals are negative, the acute bisectrix coinciding 
with tho axis of greater elasticity. All tho Sardinian specimens exhibit a twin-form- 
ation of about 120°, like those from Lcadhills. The hanlncss of tho Sardinian mineral 
is between 2 and 3, rather nearer to 3 ; that of the Scotch mineral is 2‘5. Tho density 
of the Sardinian mineral is 6‘60 tit 14°, which is rather higher than that of tho Scotch 
variety, viz. 6‘3 to 6‘6, tho difference being apparently duo to alteration in tho former, 
inasmuch as some parts of the Sardinian cryshils arc more or less opaque, contain 
water, and decrepitate when heated, whereas tho perfectly transparent portions — which 
were selected for analysis — contain no water and do not decrepitate. 

Anotlier sulphato-carbonato of lead from Iglesias, described by Laspeyres under 
name of maxite, is regarded by Bertrand as identical with Icadhillite ; but, according 
to Laspeyres, tho two species are distinct (see Maxite). 

KBOUMIir. See Fboteids. 

XiBMOW-Ollto See Oils Volatils. 

XiBMOSr-nuBB. Analyses of the fruit and loaves of tlie lemon grown in Sicily 
have been made by A. Cossa ( Gazeetta chimica italiana^ ii. 386). The results am 
given in the following table : 



Leaves 

lUzid 

Parenchyma 

Seeds 

Juice 

Potash 

Soda • . . . . 

Lime 

Magnesia . . 

Sulphuric anhydride 
Fhosphcric anhydride . 

Silica ..... 
Undetermined matter and loss 

1016 

1-78 

01‘83 

1106 

4'86 

467 

3'40 

217 

34*42 

207 

38*87 

11*33 

3*44 

8*88 

0*66 

0*83 

1200 

1*60 

43*98 

11-78 

3*60 

22*26 

•1*60 

2*20 

41*89 

1*88 

16*75 

4*62 

8*39 

20*18 

1-13 

1*26 

M'M 

Vi2 

W19 

4-6S 

4-94 

IMi 

1-77 

1'84 

Ash in 100 parts of dry sub - 1 
stance * . r j 

100 

12*86 

100 

6*982 

B 

100 

2-821 ; 

iOO 
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The leaves in the natural state contain 66*61 p.c. water, 38‘08 organic, and 6*36 
ninoral Bubstanco; the juice contains a6-22 p.c. water, 12 32 organic, and 1*46 
mineral aubstanco, A lemon weighs on the average 76'3 grams, and contains in 100 
parts, 15-66 rind, 4'6l parenchyma, 1‘06 seeds, and 7877 juice. 

^ The amount of potash in the ashes of the rind, seeds, and juice of the fruit, is largo, 
viz. 41-83 p.c. ; as likewise is the porceiitage of phosphoric anhydride in the ashes of 
tJio ^Mirenchyraa and seeds. 

isPZDSSSrEv C»®II‘;^0 (see 1st Suml 780). Oxyle^dent, C”H«0», which is 
readily fonnud by treating a solution of lopideue in acedc acid with nitric acid or 
chromic iicid, is easily further acted upon by chromic acid, dioxyUpidene, 
being formed, which orystallisos from alcohol in largo rhombic, nearly quadratic 
plates. Ky tlio further action of chromic acid, dioxylepideno yields benzoic acid and 
buiizil, but reducing agents do not Mt upon it. When treated with a weak alcoholic 
soliilioii of potash, it yields benzoic acid and deoxybonzoi’n, from which it appears 
that its rational formula is C'^H'®(C’H®0)*0 (Zinin, Zeitschr,/. Chem. vii. 483). 


LERP'MANXrA (Fliickiger, Arch, Pharm. [2], cxlvi. 643). This substance 
occurs on the leaves of Eucalyptus dtiimsa, and consists of white threads clotted togo- 
tlior by a syrup proceeding from the insect {Psylla Eucalypti) which spins those 
tliread.s. It contains, in round numbers, of water 14 parts, threadlike portion 33 parts, 
sugar 53 parts. The threads possess many of the most characteristic properties of 
starcli, from which, however, they are sharply distinguished by their form. When 
!orp is washed with water, the sugar dissolves and the threads swell but slightly, but 
dissolve to a slight extent, so that the solution is coloured bluo by iodine. The 
threads freed from sugar by washing consist of a substance called Lerp-amylura, 

Lerp-amylum is very slightly soluble in cold water, not perceptibly more so in 
water at 100°, but entirely soluble to a thin transparent liquid when heated to 136° 
ill scaled tubes with 30 parts of water ; this solution on cooling deposits the original 
Mibsliinco in flocks, without forming a jelly at any time. The separation is almost 
complete. 

If the material employed in tliis experiment were originally froo from sugar, the 
liquid left after the separation of the flocks will also bo free from sugar. The flnnVg 
(Icposite^l from solution arc insoluble in boiling water ; therefore lorp-amylum suffers 
110 chemical change on being heated to 160° with water. Heated in the air-bath to 
100° wliilo dry, it turns brown, and is afterwards merely reddened by solutions of iodine ; 
at the same time it becomes partly soluble in hot water ; hence it appears that lorp- 
amylum undergoes a change similar to that which occurs when starch is converted into 
dci^triu. Fy oxidation with nitric acid, it yields oxalic acid but no mucic acid ; it is 
noutral to vegetable colours, and is not precipitated by lead acetate, and is therefore 
not to be confounded with tho gums, &c. 

It gave by analysis 437 and 43 07 carbon, 6*6 and 6-4 hydrogen, agreeing with the 
formula C®H^®0* (44'4 0 and 6 2 II). Like starch, lerp-amylum rotates tho piano (d 
polarisation to the right ; and on digestion with dilute sulphuric acid, &c., forms a 
cpystallisable carbo-hydrate which agrees in its properties with dextrin. It is insoluble in 
ammonia cuprate, and is homogeneous. 

Though the behaviour of lerp-amylum to iodine and to water, and its insolubility 
m cuprammonia distinguish it from cellulose, it is to bo borne in mind that there 
are forms or conditions of cellulose which are blued by iodine and dissolve in water. 


ti C*®H**N*. 0, Follenius {Monit. sdent. [3], i. 678) prepares 

tujs base by boiling a solution of rosanilino with zinc-powder till it is completely de- 
TO onsed. The filtered solution, on cooling, deposits crystals of leucanilmo, which 
ay be purified by solution in alcohol, and precipitation with water. Colourless lou- 
^■ niiino, digested in acetic acid, immediately yields a red solution (? from formation 
r^nilmo), which, on evaporation, gives off acetic acid and loaves a brown mass, 
red rolou “^o^tenw with hydrochloric acid, and then dissolving in water 


oxali oxalate is obtained^ on mixing the alcoholic solutions of aniline and 

virm ® precipitate which dissolves sparingly in cold, easily in 

till crystallises with difficulty and turns red after a while. By dry dis- 

cpBfwn?” an oil which is soluble In water and has an odour recalling those of 

creosote and bitter-almond oil. 


SMAinui((p.ll9). 
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Uiraimf C*H^*NO^ Amidoet^oio Acid, — G. Hiiftaer (J, pr, Chm, [2], i, 6) 
has comparod natural loucine (propar^ from horn-shavings hysulphurio acid.or fiom 
fibrin by i»ncreatic digestion) with leucine preparcxl by his own process from fermenta- 
tion caproic acid (lieating the bromocaproio acid obtained therefrom with aqueous 
ammoniii, SuppL 782), and with that prepared from valcral-ammonia. The' two 
former appeared, as regards their solubility in water (3*7 to 8'9 p.c. at 20**), and tl)eip 
subliming point (170°) perfectly identical, whereas the Iciiciuo obtained by the tliird 
process dissolved at 12° in 117‘5 parts water (leucine from caproic acid under similnp 
conditions required for solution only 48 '8 parts). With regard, however, to their 
copper-compounds and their nitrates, and to their reaction with manganese per- 
oxide and sulphuric acid, the three leuciucs wore found to be perfectly similar. 
On the ground of these observations Hiifner regards their identity as established. 

The preparation of leucine firom valeral-ammonia by the action of hydrocyanic and 
hydrochloric acids is not easy. The valeral-ammonia must bo quite pure and crystal- 
line, and all excess of hydrocyanic acid must be avoided. Hiifuer first prepares the 
compound C“H"N*.HC1, obtained by Strcckor and by Kdllor (Is^ Suppl. 782) and 
decomposes it by boiling with hydrochloric acid. To prepare the hydrochloride just 
mentioned, it is sufficient to dissolve 2 parts of valeral-ammonia in 1 part of aqueous 
hydrocyanic acid, leave the solution for a night at tlie temporaturo of the room, and 
then mix it with excess of hydrochloric acid. 

Letunra from Vegetable Proteide, — Eitthausen a. Kreusler (J. pr. Chem. [2], iii. 307 ; 
Chem, Soc. J. [2], ix. 719), have examined the leucine obtained by boiling these pro- 
teids with dilute sulphuric acid, or as a by-product in the preparation of aspartic and 
glutamic acids. When separated from the other products of the reaction, it is always 
very impure. For purification it was exhausted with boiling spirit of sp. gr. 0‘80 to 
0-90, frequently rocrystallisod from that liquid, then dissolved in boiling water, -with 
addition of as much barium Ciirbonato us the liquid would take up, and reorystallised 
from water till the quantity of barium salts remaining in the liquid had become quite 
inappreciable. After decoloration by animal charcoal, it formed thin shining laminte. 
But even iu this state, it still retained a little sulphur, which could be removed only 
by boiling with potash and lead oxide. 

As all the vegetable proteids examined by Eitthausen a. Kreusler yielded leucine, 
it may bo assumed that all these bodies occurring in plants are capable of furnishing 
it. The quantity produced varies, however, according to the particular proteid em- 
ployed, gluten-protoids and con^lutin yielding considerably less than legumin. The 
quantity of purified leucine obtained varied from 4 to 12 p.c. 

Leucine when heated with soda4ime does not give off all its nitrqgen as ammonia, 
unless it has been previously mixed witli sugar ; the same was found to be the case 
with the copper-compound of Icucino. 

According to Gossmann and others, an aqueous solution of leucine is not precipitated 
by mercurio nitrate^ whereas, according to R. Hoffmann, it gives a white flocculent 
precipitate (iii. 682). Eitthausen a. Kreusler find that this precipitation occurs only 
with impure leucine still retaining aspartic or glutamic acid. 

Copper-compounds. — Gossmann {loc. cit.) by evaporating the bine solution product 
by boiling leucine with cupric oxide obtained the compound 2C*H*^IirO*.CuO in cryst^ 
line grains. Eitthausen a. Kreusler, by boiling a very dilute solution of leucine with 
cupric hydrate, obtained the compound 3C®H**NO*.2CuO in light violet-brown stelesi 
sparingly soluble in water. The light blue compound which Kohler obtained by 
trailing leucine with cupric acetate (Is^ Suppl. 782) has, according to Eitthansen a. 
Kreufder, the composition 70*H**NO*.4CuO. 

xairemnaik, C*n<>NO > (Itwcie add) + - 3BK>. Thu 1^, 

also called leucimide, is related to leucic acid in the same manner as acetonitri^to 
acetic acid. It was first obtained by Kohler by dehydration of lenoine (1^ 

782), and has been more particularly examined by Thudichum (Chem, Soe, J, pj* ^ 
409), who prepared it by KohWs method ; also from the decomposition-piwii®** 
obtained bv the action of sulphuric acid on proteids. Those products, after ewp®^ 
tion, were left for some timo in contact with uie air, and then treated for 
with ether or alcohol. These solntions, when left to etaporAte, gelded 
which was purified by crystallisation from hot alcohd, and decoloration ^th 
charcoal. The product thus obtained is, however, very smallt and Ihudidium, 
foie, gives ^e preference to Kohler's method. 

Loucinitril forms white, faintly lustrous, microscopic, rhombic ne^e 
melt and sublime. It is insoluble in cold, sli^tly soluble ifl boib)ft|g|' 
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alflo 30 alcohol, more easily in hot alcohol, less soluble in ether. Concentrated aqueous 


chloric acid dissolves a trace ; it dissolves in strong. acetic or nitric acid, and separates 
unaltered on addition of altoli or on evaporation. An alcoholic solution of loucinitriL 
mixed with tincture of iodine gives off a small quantity of hydriodic acid, and on 
addition of potash and a large quantity of water, deposits white crystals. 

In the preparation of leucinitril by Thudichum’s method, there is often obtained, as 
secondary product, a substance rich in sulphur, which forms nacreous crystalline 
laniinffl more soluble in ether than leucinitril, and giving off hydrogen sulphido when 
boiled with n solution of lead oxide in potash. Thudichum names this substance 
ikioterin. It is not formed when an ethereal or alcoholio solution of leucinitril is 


treated with hydrogen sulphide. 


XiBlTCZTE* Out-casts of Leucite from Vesuvius have been described by G. vom 
Ihilh {Poffff. Ann. cxlvii. 263). This mineral, the most imx 3 ortant and characteristic 
of all t!io.so which occur on Vesuvius and in its lavas, occupies to a certain extent an 
cxei'ptioiial place aniong minerals. It exhibits no varieties, and thoro are no species 
irfoinorphous w'itli it. Of all rock-forming minoisils it is the most limited in the modo 
of ils ix'cnrroiice. ^ Felspar, which, in a chemical point of view, is most nearly allied 
to loiicite, <)ccurs in rocks of all ages, and in beds of every species, but leucito is never 
found in vtiiis, very rarely in druses of lava or of ejected masses, never in pseudo- 
inorplis. Its occurrence in lava might perhaps seem to romovo all doubt ns to its mode 
of formation and its crystallisation from a fused mass. Nevertheless the various 
iiiirKU'jilK w'liicn constitute lava cannot all have separated from the mass during solidi- 
lieuLion. It is ijossible, and even proljablo, that leucito may have crystallised from 
liivii, blit the crystallisation must have taken place, not during the flow of solidification 
of the lava on the surface, hut in the unknown depths below. On Somma, leucito not 
only forms the lavas, but likewise appears in out-casts, sometimes in limestone blocks, 
soiuctiraos in saiiidiiio aggregates. The following are descriptions of some remarkable 
specimens of both these classes of loucitic out-casts. 

(a.) A lump of limostouo about 10 cm. thick, interspersed with grains of calcspar 
and vorv small octohedrons of spinolle and periclaso, containing moreover numerous 
roundish cavities from 3 mm. to 3 cm. in diameter, in which occur rounded grains of 
leucito, some firmly fixed in the cavities, others loose, so that they rattle when the 
ttono is shaken. The leucito in the interior of these grains has the ordinary constitu- 
tion, and is intergrown with black augite ; oxtorually they are covered with a white very 
prickly crust, consisting of silky, fibrous prisms 1 mm. long, firmly attached to the 
grjiins aucl arranged in nearly parallel rows. This white mineral, when freed by acetic 
acid from calcium carbonate (amounting to 15-18 p,c. of the whole), gives by analysis 
41 •! p.e. silica, 34-5 alumina, 6*6 lime, 07 magnesia, and 18'1 loss (alkalis), whence 
Jt nppears to bo davyno. 

The calcarooiis matrix consists of 607 p.c. soluble and 39’3 insoluble in acetic acid, 
llie soluble portion is a magnesian limestone containing 80*5 p.c. CaCO* and 13*5 
therefore not a true dolomite. A similar com^xisition was found by Marchand 
in a fine-grained block of limestone from the Fosso di Pollena. 
riio insoluble portion of tlio calcareous matrix appears under the microscope por- 
t K mixture of colourless grains, probably quartz-sand, greenish 

octohedrons of periclaso, black octohedrons of ceilanite, and a very small quantity of 
a analysis 0*5 p.c. Fo®0*, 38-6 SiO®, 107 A1»0*, 43*1 

gtJ, 8 3 FeO (m 101*2). The alumina may be regarded as combined with the 
‘ gnesia and ferrous oxide, forming ceilanite ; the excess of magnesia with the rest 
st'it oxide forms poriclaso, while the silica is probably present in the l>ee 

(1% found in the insoluble portion of the matrix, 

onn.f 12 centimeters thick, having the form of a segiuent, apparently about 

original spheroidal block. It consists of a calcareous shell 3 to 4 cm. 
dfintl* O' pear-shaped nucleus of leucite of granular structure and abun- 

of lo/’f black augite. In the interior is a cavity lined with fine crystals 

shiniT'^* ^ ougite. At the boundary between the shell and the nucleus are numerous 
Uio 1 of reddish-brown garnet, 1-1 J mm. in size, partly imbedded in 

J'estint>^* <v!^**** separates easily and smoothly from the calcareous shell, partly 
a Ridi 'oner side of the latter. The leucite nucleus is immediately surrounded by 
fibrous " ®“* broad, the fibres having a light greenish-grey colour. This 

cavft \^ freed by treatment with acetic add ficom intermixed calcium carbonate, 

U 38-6 p.c. SiO®, 18*4 AFO®, 4*2 FeO. 2*8 CaO, 247 MgO, and 11*3 

* allowing that it consists of biotite or magnesia mica. This and 
Barnet have probably been formed firom the leucite and the limestone where they 
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were in contact, under the influence of a very high temperature, the existent of 
is shown hj the marks of fusion at the boundary between the shell and the nucleus 
To account for tho omirrouce of leuoito in a shell of limestone is by no means easy' 
for tho latter cannot bo regarded as the true matrix of the leucito. The leucite nuclei 
at* this and the preceding out-cast must rather be regarded as foreign enclosures in tbo 
limestone ; but it is difficult to see how the limestone can have enclosed the leucites 
like a plastic mass. 

(c.) A sanidino stone, containing very numerous crystals of leucite, 5 to 28 nun. in 
size. Tho matrix consists of a flno-grained mixture of p^ominant sanidine, black 
hornblende, brown garnet, and a small quantity of magnetic iron oxide, also separate 
tabular crystals of sanidine measuring 20 mm. The leucites are white, with conchoidal 
fracture, very fresh, some unusually pure, others showing admixtures of hornblende. 
They are not sliarp-odged, but rather rounded, and are surrounded with a crust 
mm. thick of small, beautifully formed crystals of sanidino. These, appearances might 
seem to indicate tho commencement of a pseud omorphosis of sanidine after leucite, a 
chango which Ramroelsborg observed in its completeness in an out-cast very similar to 
the one under consideration. Closer observation shows, however, that this can hardly 
be tho case. On breaking a leucito nodule from tho stone, tho sanidine envelope re- 
mains behind in the form of a druse lined with the most beautiful crystals of sanidino, 
firmly attached to tho ground-mass, and consisting indeed of purer crystals growing 
out it. The separated nodule of leucito is also covered with slender crystals of 
sanidino firmly implanted on it, and tho surface of tho leucito itself is developed into 
innumerable small but well-defined crystals, arranged in parallel rows. Now, when 
one mineral has boon formed from another, or when the pToce.ss of transformation is 
in progress, one of tho minerals is sure to bo found in parts presenting tho appearance 
of m other, and intermediate stages of this transformation are likewise met with. In 
the present case, liowover, the closest examination with the microscope shows nothing 
of the kind. On the contrary, the surface of the leucito nodule is seen to be covered 
with crystals of leucite and sanidino placed side by side, and both in perfect freshness. 
Moreover, tho stone is perfectly closed, nd crack or diannel being visible in which 
alteration of composition might be expected to occur. 

For those reasons yom Bath thinks it more probable that when the large rounded 
crystals began to form, their chomic4il composition was somewhat different from the 
typical composition of loucito; perhaps the following: 65'96 p.c. SiO*, 23*0 A1*0*, 
21*04 K’^O, which is that of a mixture of ^ sanidine and ^ leucito, and that tins mix- 
ture afterwards split up into tho two minerals, which, indeed, occur on the leucite 
nodules in about this propoiiion. The leucite, so remarkably distinguished by its 
shell of sanidine, exhibits nearly the normal composition : 

SIO* A1*0» OaO K*0 Na'O 
Analysis . . 55*58 23*38 0*26 10*53 1*50 - 100*25 


Leucite has been found in microRCopic unaltered crystals in the tufas of the Schloss- 
berg of Ackharm in the Kaisorstuhl range (F, Sandberger, Jdhrbuch /. Mineralogiex 
1870, 207). 

In loucito from Andernach, J. L. Smith {SHI. Am. J. [2],xlix. 335) found 54*75 p.c. 
SiO*, 23-03 Al*“0*, 1*65 Fe*0*, and 20*06 alkali, reckoned as potash. The quantities 
of alkali in other leucites were found to be : from Vesuvius, 31'85 ; from Berghett^ 
20*68; from Frascati, 20*38, exclusive of undetermined quantities (up to 0*0 p.c.) or 
Tubifia and csesia. 


This mineral has hitherto been Jf 

nving the form of the icosi-tetrahedron («? 11»^ 


CrjntalUne System of Xionolte. 

belonging to the monomotric mtem and having the form of the ^ ^ 

but G. vom Rath (Jahrh, f. Mineralogies 1873, 113), from the exami^tion of tne 
leucito crystals implanted in the druses of tho Vesuvian outroasts above desenow, nw 
come to the conclusiou that tho mineral really belongs to tho dimetrio or 

*^^^e feces of these implanted crystals are characterised by a pecnliar 
lines running parallel either to the shorter (so-called hexahedral} rfgo*» w 
metric diagonals of the trapezoidal faces. These lines often begin in th^ jnJ<W*®. 
face and are not continued to an edge ; but when one of them 
not usually stop there, hut is prolonged into the adjoining fees ; 
longation being situat^ in a plane, which, assuming the fom^bflehciln^ 
larioositetrahedroD, ia parallel to the truncation-fece of thin; i 


■ CBi 
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the 0^1 other words, to the face of a rhombic. dodecahedron. Thus, for ex- 
amplo, in the right Upper octant (fig. 19) the principal strisB lie in tho dodecahedral 
face which truncates the left upper symmetric summit. Tho piano of tho striie 
which rup over in tho diagonal direction, over o® and i*, parallel to the combination- 
oilgo of this latter faw, corresponds with tho truncation -face of the right upper 
synimetnc summit. ^ Iho two long strisc which, running over the combination- 
wlfjo J* I have a similar position on the two faces, vik. parallel to the edges *• I o® 
;iiul . 0^1 correspond With the dodecahedral face which truncates the front upper 
.symmetric summit. The shorter groups of lines on and i® (parallel to tho edges 
: ? iind of : x«) are similarly situated with rogaril to Uio back upper summit. 
In like Bisnuer it is possible to dotormine tho dodecahedral face in which every stria 
piissiiig over an edge is situated. - 

On viewing the crystals by lamplight, it is easily seen that the striation is not merely 
superficial, but is duo to interposed twin-lamdl*. Sometimes indeed the strias have 
It very^^rcoptiblo bi’eadtli, and their surface shines in a position different from that 
ill whi^ the general ftice of the crystal appears lustrous, tho bands remaining' 
cliirk while the general surface is bright, and vice versa. If, for example, the face 
, 1 ' lie viewed in such a position Uiut it shines, the striae are then dark ; but on turn- 
ing the crystal for about 5° round an axis parallel to these striae, i.c. to the edge 
the twiii-lamollae shine while tho face itself becomes dark. In short, the 
..triHtion of those implanted loucitos exhibits the closest possible analogy to that of 
niLliiiic felspar, which is known to arise from tlie interposition of ‘win-laniellae 


Tig. 19. 


Fig. 20. 



From the appearances above described, it may be inferred with certainty that these 
Btmtod leucites do not belong to tho regular or monomotric system ; for in that 
system a twin-formation pirallol to a dodecahedral faco cannot occur. If indeed an 
icosiictrnhcdron be cut parallel to the faco of the dodecahedron and turned round 180°, 
*1? ^^’Cntering angles will bo formed, but tho whole will rotiiru into its 

The conclusion thus deduced is confirmed by exact measurements of the angles of 
0 loiicito crystals, from which it appears that edges which ought to bo identical if 
e crystals W'cre monomotric, really differ by about 4 degrees. 

oelongs in fact to tho quadratic or dimetric system, its form, hithorta ro- 
icosi tetrahedron, or loncitohedron, being a combination of a quad- 
ratic octohedron with a di-octohedron (fig. 20). 

Octohodrbn, o = a, c, or P 

Di-octohedron, i = • Ja, c, or 4P2. 

somS t^xhibit a remarkable equality of development. The following also 
^otnetimos occur subordinate : 

First acute octohedron, n — Ja, oea, c, or 2Poo 
First quadratic prism, w « a, a, ooc, or coP. 

tho lateral axes to tho vertical axis, deduced from tI»o mtasmvnienl. oi 

lateral edge of the di-octohalron. is— 

a ; e « 1*8988 : 1 or 1 : 0'05637. 
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The following are the principal anglei : — 

Terminal edge, of the octohedron . ... v .■ 

'Lateral edge of the octohedron . . ^ - m. . 73^ in' : 

Primary terminal edge of the di-octohedron (eitn- . . 

atod under the octohodral edge) . . . 23' 

Secondary terminal edge (situated under the octo* " ' >; . 

hedralface) . . , * . . - vrr;# 1 

Bac^l angle of the di-octohedron (situated at the. / V 

ends of the lateral axes) . . \ , . a 126^32^1 q'' 

Basal angle of the di-octohedron (situated betu'een 

the lateral axes) » 143^ 7' 35" 

;rhe plane angles of this base are the sttino as those of the three sections Uipoiich 
the octohodrnl edges of the icositetRihcdron 202. ^ ° 

The law of twin-formation of Iciicitc is that ‘The twin-plane is a face of the first 
oente octohedron and by this plane the c^stals are united. The twin-plane is in- 
clined to the vertical axes «at an angle of 43^ 31' ; to one of the lateral axes at 46^28' 
15". Lcucite, hitherto supposed to be incnpable of form- 
Fio. 21. ing twins, is in raility very much inclined to twin-fprmu- 

faon, oxliibiting very rogubir combinations of two or moro 
individual crystals, ami also polysynthetic crystals in 
which, as above described, the principal crystal is inter- 
sected by laminaB parallel to the faces of the first aciuo 
octohedron. 

The simplest of these twin-formations is represented in 
fig. 21. 

Imbedded leucites do mot admit of exact angular mea- 
surement, but they frequently have obtuse projecting and 
re-entering angles, and oxliibit the polysynthetic strncturo 
in a very high degree. There can, therefore, be little doubt 
that they are also quadratic, like the implanted crysUds. 

The chemical analysis of leucite c^stais from the same druse as those whoso an- 
gular measurement has been above given, exhibits the following composition — 

SiO- APO* CttO K»0 Na*0 

65*21 23*70 0*43 10*83 1*21 100*38 

agreeing almost exactly with the leucite formula, K^0.Al*0’.4Si0^ which requires 
64*92 SiO, 23*62 APO*, and 21*66 K*0. The proportion of soda in those striat^ 
crystals is not greater tlian in crystals of leucite previously examined, and regarded as 
monomotric (Baromelsberg found 6*43 p.c. Na*0 in a Vesuvian leucite): consequently 
the quadratic form cannot be regarded as a peculiarity of these crystals, due to the pre- 
sence of soda. 



The optical characters of leucite are more in accordance with the quadratic than 
with the hitherto assumed monometric form. Dos Cloizcaux {NowxUea i^herchea wr 
lc8 proprUt^a ojstigucs dM criatanx, 1867, pp. 3-5) obsorvos that leucite^ when ex- 
amined by polarise light, does not behave like a monoinctric crystal, the appearances 
varying according to tho particular plate examined^ and the direction in which it 
has been cut from tho oiysml. He also remarks that the strise soon in polarised light 
ore parallel to the planes, of a dodecahedron. These strise, due to intar|)OBod twin- 
lamellae, had been previously observed by Biot, who founded upon them his themy of 
lamellar polarisation. *1. 

Lelicite may therefore take its place amongst the series of quadtatic miiiepttls which 
are BO characteristic of Vesuvius, viz., zircon, hnmboldtilite, meyonite, mizzonite, sarco- 
liteand vesuvian, to tho last of which it approximates very closely. The mimapj^oirm 
of vesuvian has, according to v. Zepharovich, an angle of 129® 20' in its 
and amongst its numerous combinations there occiira tho di-oetohod^n 4F2/ 
otherwise not frequently obsen'cd. If the primary form of yosavui.n were 
with this di-octoneton, a form would be produced almost exactly like 
icositetrahednOn, as in the case of leucite (vom Batli). ' i 
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lino. A quantity of tho ersdo' i 


„ Ballo(/>«ij7/ 

lone an oily liquid containing lencvuuu. ^ quaubity ox uie j . 

had never been treated with acids or alkalis, -was boiled ' 
brown solution obtained was precipitated with ammonia.^ ' ^ 
formed, which on drying at a higher temperature or in ai;: 
always fused to a dark thick fluid, possessing in an 
odour of impure naphthalene. Potassium 
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tatos, which iiod up to hrowm hard^mafjses, but the precipitation was not complete. 
Tlio oily liquid obtained aa above was distilled, a light o^gownish-yellow coloured 
distillate coming^ over f it Tvaa then fiirther purifi^ by fractional distillation, 
the portion coming over at 240® being collected. The distillate -waa not 
fully iioluble in h^rochloric ^id. ‘ By poking with dilute hydrochloric acid,, 
uouring oiFArom the indifferent oils, and wen adding ammonia to the solution, the oily 
body was predpitated iaa 'm^lhy form, gradually collecting jn drops at the bottom <n 
tlie vessel. This oily layer Was completely soluble in hydrochloric acid. Dried in a 
Viicuuni, it was quite clear, but became somewhat dark-coloured. To this body BallO' 
rrives the name ^ oU. It appeared to bo a mixture of several bases, but did 

»ot yield any predpitato of constant composition by fractional precipitation with 
loouia ; neither did it form«any crystalline salts. The sulphate is precipitated from * 
the cthorcjil solution of the oil, after addition of a few drops of dilute sulphuric add, 
in tlio form of a yellowish -brown oil, and in the strongly acid aqueous solution of the 
siilpliate, potassium bichroniato produces a bulky yellow procipitato. Bed litmus paper 
in iiot turned blue by tho oil ; it produces grease stains on blotting paper. These 
lirnpcrtic'S render it probable tliat the oil contains loucoliiie. Platinic chloride yields 
i!i :i solution of leucoline oil in diluto hydrochloric acid a yellow precipitate ; and in 
iho. filljrate, after stonding some days, further portions crystallise out in long feathexy 
piuupa of orange-yellow needles. These driocl in a vacuum over sulphuric acid, and 
tlieii lit 100®, gave by analysis 28 03 p.c. platinum, agreeing nearly with the platino- 
olilorMoiiflopidine 2(C'“II“N.HCl).PtCl\ which requires 28*3 p.c. pLitinum. Tho first 
fni'incd precipitate was only partially soluble in alcohol ; tho nndissolved portion con- 
i iiiiod 20-2 p.c. and the rccrystallisod portion 29*7 p.c. platinum. The formuhi of 
Icucolino platino-chloride, 2(C''H^N.HGl).l’tCP, requires 29-3 p.c. platinum. 

Loiicolino oil appears tllorc.foro to be a mixture of Icncoline aiKl lepidine. Treated 
with amyl iodide and potash-ley, it gives a violet colouring mat ter, appirently identical 
vith that obtiincd from cinchonimvohinolino (i. 873 ; 1«^ Suppl, 431). 

This last result appears to contradict the statement of C. Groville Williams that 
cfjal-tar leucoline gives no colour when treated witli amyl iodide and potash. Williams, 
Imvvever {C/tem* Soc. J, [2J, x. 657), has repeated his former experiments with tho 
.s-inio result ns before, viz., that chinoline gives at once and without difficulty a bril- 
li.-int and characteristic blue colour. where<‘is leucoline gives only a faint, dirty, purplish 
coluration, having no resemblance whatever to chinolino-bluo. Ho therefore infers 
th. 1 t coal-tar sometimes contains chinoline us well as leucoline, a conclusion which is 
fitrniigtluiiicd by the fact that so-called leucoline from coal-tar has been found by Hof- 
mann to give with chromic acid tho yellow crystalline precipitate characteristic of 
cliiiioliiie, whereas Williams’s experiments show Idiat perfectly pure leucoline gives only 
a yellow oily precipitate. 

LSUCOPHAira. This mineral (iii. 584) is tnmetric, and according to v. Lang 
{Jalirbuch fUr Mineralogie, 1872, 426) has the axial ratio, a \ h I c’»0'96d7 : 1 : 0*607. 
The tabular crystal examined exhibited the feces OP, ooP, 2PaD , JPoo , P, 2P, P2, P2. 
Cloavagc parallel to OP. 

&BVCOSOffO&ZC AOZOi Seo Bosolic Acid. 

&IIVUX08B. Sec Sitoars. 

UCHBirs. According to W. Knop {Chem. Centr, 1872, 172), tho ashes of lichens 
contain alumina. Ho considers this substance to bo dissolved out of tho dust which 
settles on the lichen and firmly adheres to its surface after wet weather, by tho oxalic 
.vnl winch is known to bo a frequent constituent of lichens, this acid being one of the 
{lest solvents of alumina. He also thinks it probable "that tho oxalic acid in lichens 
produced during tho growth of tho plant from what he names tlio Vliclien acids : * 
lor treatment of these acids witli caustic alkalis produces a carbonate or an oxalate. 

Keferring to the researches of Schwendenor, from which lichens appear to be, not 
'iistinct plants, but combinations of fhngi with algm, the ^nidia of tho lichen consisting 
«dg!]B that have become enclosed in^the hypha (mycelium) of a fungus which then 
prows into ^e thallns of the lichen, Knop points out that the lichon-adds are fouiul 
«xi iiiRi\*ely in tho cortical layers of tho lichen, that is, in the fungus, and not in the 
(gonidinm). 

on the nutrition of tho two elements of a lichen, he considers that, on the 

(gonidium) which in many lichens is completely enclosed within tho 
ill A* its nutrient matters tlirough tho fungus, by widen they are absorbed 

On J*^C8ther from tho barks of trees or the stones on which the 'lichen ^prows, and 
the ^hngusr whi^^^^ cannot bo converted into a lichen without tho 
fjjj »dgai and esfinot of itself fix^porbonic anhydride, has its food elaborated 
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Lastly* lie suggests Uiat the detection of a particular lloheii-add in the soridia of 
lichens may aid in determining the liclien to whi^ they belong. ^ 

UOBT. Eefraction and Dispersion . — Gladstone (CAcw. jftw, m 
101, 147) has collected together the results published in his previous papers on the 
subject (see iii. 024-631, and 1«^ Suppl. 783-785), and shown, with ^pect to a lanro 
V^uinber of hydrocarbons, that the values of the refraction-equivalsnU Mcnlated 
icMing to tlie method already dcricribod agree very closely with those determined by 
obserratiou. Exceptions to this agreement are, however, exhibited by liyrlro- 
carbons pf tlie aromatic group, by two series of nitrogenisod bases, viz., the pyridine 
and chinolino series, and by certain oxidised essential oils, whose observed rofmetion* 
equivalents iiro considen^bly higher than ^ those calculated from the Values of tlie 
elements (Is^ Su-ppl, 786). Gladstone is inclined to attribute this deviation to the 
pircumstance that th^ ph^lic nucleus exerts as a whole upon 1ii^ra.ys of light 
a predominating influmijM^ which is not dostruyocl when the liydrogou f fti the nucleus 
is replaced by chlorine, iiitric oxide, oxygen, and sulphur. The deviations from the 
normal refraction-equivalent exhibit a regularity depending on the composition, which 
for the typical hydrocarbons may bo represented as follows : — 


Hydiocorbous 

Typical 

fonuulit 

Refructiou- 

cquivakht 

Pitraifins 

C“H“-+- 

. Nomiiil 

. Olefines 

C"H'““ 

■ IS 

Torpencs ..... 


. „ + 3 

Benzene and its homologuus 

OH2n-0 

• ,, +6 

Naphthalene .... 

C«ip«-»s 

. ,, +14 

Anthracene .... 

C«I£2n-lfi 

. », + 17 

.Similar relatione are exhibited by a series of oxidised compc^imds which differ 
one another only in their amount of hydrogen ; — 

/ Substance 

Formula 

Itcfractlon- 
eqnivalcnt 
. Normal 

Peppermint Camphor 


Dih^’drntc of Cajoput 


• 1, 

■ « Wormwood oil . 


. + 1 

Con'ol 

C>-H»0 

. „ +6 

Anothol 


. „ +13 


The first of tlio two following tables gives the refractive indices, for the lines A,D, 
H, of a number of compounds not previously examined, whose refraction-equivalents 
have the normal values. The second gives the refractivo indices of several compouncls 
whoso obseiTod refractiYe-cquivalont is greater than that determined by calculation. 


Table I . — Normal Defractive Indices. 


Eqnivnlonts of 
Solvcut 


Uspecific Temp. 


BefractlTO Indioe 


Hydrate of turpontinc-nil 
Cfunplior • 

Bibydrate of Cajoput . 

Oil of wormwood 
Sugar .... 
Potassium suoeinatc . 
Urea .... 
Acetyl chloride . 
Ghlon^crin 
Camplu^ hydrochloride 
lodofooh.' . 

Ammonium , sulphocur. 
bonate • 

Ammonium sulphocar- 
Immate. ... 
FotoMium xnnthato . 
Potassium chloiato . 
Potesrium bromate . 
ICetaphosphorio arid . 
Ortbophoepberic odd • - 


cxsis alcohol 
4-54 „ 


9*10 water 

71-50 water +0*28C*n*0* 
7*0(1 water 


39*92 alcohol 
V8-M ether 



LIGHT. 
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Tahlk II . — Ahuoriml Sf/tactive Indices, 


Substance 


I Eqotvalenfca ol 
Solvent 


CyHiunfl 

Ninolx-MiKcno • 

J^ii-nyi snlphifle' i 

I'dtiiH'imn Kulpnopni- 

IJi'j’Ziiii: ui:i<l 

I'ouiiif'inm benaontc 

IJi iizoyl ohloriilH 
(Inniiiii.vl liydritle 
N.'ipiitliiilt-ne 
Aiu-tliol • 

Tb.viiii>l 

ilyri.'iticol . ■ • 

„ iiiiothci' spccli 

bp. . 


in«>n 


Spueiflo 

Gravity 


lIlMii wntor 
‘jy*74 ether 
1 I'M alcohol 
1 7*44 „ 

■22*00 water p 0-0CK“O 
y8‘24 water + 0*00 K-O 


7'95 ether 
18'S9 alcohol 


0-887 

0-878 

0-88fi 

0- 8T2 

Mo;i 

1*191 

1- 12(5 
1-092 
0-802 

0-8:18 

1-139 

1-091 

1-2-28 

1-059 

0-789 

0-9877 

0-8:12 

0-9440 

0-9407 


Tomp. 

Centi- 

grade 

BorracUve IndloM 

A 


H 

o 

11 

1*4953 

1*5052 

1*5893 

10 

1*4923 

1-3031 

1*5!I58 

7 

1*4081 

1*3077 

1*341 i 

n 

1-4801 

1*4877 

1*3130 


1.1488 

1*3563 

— 

■ 8 . 


1-5664 

1*6398 

2*6942 


■1*8387 

1-3638 

1-3767 

irr> 


1-3775 

— 

7 - 

'1*891.8 

1*3062 

1-4116 

8*5 

1*.3806 

1*3850 

1*3093 

It 

1*8917 

1*3974 

1*4149 

It 

1*3705 

1*3757 

1-8004 

lu 

1‘3438 

1*5568 

1*6012 

11 

1-0045 

1*6253 


G 

1-3950 1 

M*4006 

1*4189 


1-.1430 


1*61*29 

8 

1-3845 

1*8890 

1*4031 


1-4868 

— - 

1*5160 

24 

0-.1767 

1*4802 

1-5028 


lief rad ion and Dispersion of This siibstanco exhibits very groat refnic- 

livi) and dispersive power. Tlio disporsivo power of the rays A to C, tliot is to say, 

the ina^Giitudo is Ci times, and U times as great as in carbon 

l.isulpliido. The refractive indices of the following Fraunhofer lines havo been deter- 

iiiiacd : _ « rw 

A o B C c » 

n := 2 Uol 2-092 2*730 2*787 2*857 2*78. 

Tho first f()iip niimljors are very exju-t (at least to 5 units of the third decimal place); 
tlui hist two uro less exact, inasmuch ns beyond tho line D, no more liglit passes 
tlircjii'?h a film of selenium 0*003 iimi. thick (J. L. Sirks, Pofff/. Ann. cxliii. 420). 

For Croullebois’ measurements of the llefraetion and Dispersion of Gases and 
Vapours, see Coiiipf. rend, Ixvii. 692; Ann. Ch. Dhys. [4], xx. 136 ; Jdhresh. f% ChcM, 

18l}8. 122; 1870, 170. , v i- 

For tho same physicist’s determinations of the refractive power of Water, JjleUiyliC, 
Ethylic, and Amy lie Alcoliols, Kthyiic Ether, Carbon Bisulphide, Turpentine-oil and 
Lemon-oil, see Ann. Ch. Thys. [4], xxii. 139; Jahresb. 1871* 153. 

Refraction and Dispersion (\f Opaque Sodies . — A metliod of determining the refractive 
indices and dispersive powers of bodies wliicli, like metallic oxides and chlorides, are 
(jpar^uo in tho mass but transparent in very thin films, has been devised by W, Wer- 
nicke {Pogg. Ann. cxxxix. 132). Such films may be formed in great perfection on 
cliian platVs of tlic metal by electrolytic action, and their thickness determined by 
Weighing. They exhibit tho interfer(3nco coloura of thin plates, and on viewing them 
through a spectroscope, spectra are seen with well-defined alternate bright and dark 
•lands, fi-om tho number and position of wliicli the wavo-longtlis of the Several Fraun- 
iioffr lines can bo determined. By this method tho following results have been 


Substance 

giprous oxide, Cu*0 . 
of Load dioxide 

lanese dioxide 


Sp.gr. 

6*975 

6*169 

2*542 


Bofirootlve Indices 


B O 

2*534 2*558 

1*802 2*010 
— 1*801 


D 

2*705 

2-229 

1*862 


' . B 

2*816 

1*944 


P 

2*963 


^ Die refraction and dispersion of cup^xms oxide are the greatest hitherto determined 


*riracrion ana aispersion o 
certainly in any substonce. 
a , of observations e 

following general condusions J.I, w* — — - 

the absorption increases as tho wave-length diminishes, the increase being co^ 
iinuous from a particulor part of tlio spectrum different for each body* In transmitted 


(-ortainiy in any BubstAnce. , • i. j 

a series of observations extending to numerous otlier bodies, Wernicxe dra^ 

Mle folInTL-inn. - - * * ■ ■- «» • - <-* ^ « 
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light, therefore, tlicao bodies, in layers of stiificiont thickness, always aj^ear yelio\r»h* 
red or red. 

The refraction and dispersion of silver chloride, bromide, and iodide hare been 
determined; by Wernicke (Pogg, Ann, cxliii. 660) in two ways 

1. i&y the method above described. A film of metallic silver was deposited un a 
glass plate by me<ans of ammonioeal solution of silver nitrate mixed with caustic soda 
and. -ji^th of its volume of a reducing liquid prerared by mixing 60 grama of sulphuric 
acid, 4o alcohol, 35 ^vater, and 50 manganese dioxide ; distilling off about 50 c.c. into 
a vessel containing 60 grams of water ; then adding 100 c.c. al^hol, and 10 grams of 
cane-sugar inverted wi^ nitric acid; and diluting with water to 100 c.c. When thi> 
brilliant silver film thus obtained is exposed to iodine- vapour, or when pieces of iodine 
are laid upon it, the silver is iniinodiately converted into i^ide, which exhibits splendid 
interference colours. To convert the silver speculum into bromide or dilorme, the 
chlorine or bromine-vapour, dry and free from air, must bo mode to act upon it as 
quickly as possible, as, if the action goes on long, the transparency of the films is im- 
paired, probably in consequence of the fonuation of oxychloride or oxybiomide. 

2. The refraction and dispersion were detorniinod by direct measurement by means 
of small prisms made by casting the fused Kilts between plates of parallel glass at tho 
desired angle. Prisms of fused silver iodide exhibited, when cooled to 138^, a sudden 
alteration of colour and transparency, Ituiding to the conclusion that, at high temper- 
atures, part of the iodine is scpanited from its combination with the silver, and is 
absorbed by tho Temnluing substance in tho liquid state : for the spectrum, like that 
of solid and Jiquid iodine, contains no blue or violet light. In the normal state, below 
138^ silver iodide gives a spectrum loss bright but twice as long, and particularly 
developed in tho blue-violet portion. 


Silver chloride 


Silver iodide . 
Silver bromide 


U 

J2 

|1 

\2 


c 

nefractivo Index for : 

D F O 

Hr 

. 

2-()71 

2-101 

2-135 


. 2-0462 

20611 

2-0958 

— 

2-1500 

. — 

2-202 

2-267 

2-409 

— 

. 2-1631 

2-1816 

2-2787 

2-405 

— 

, — 

2-261 

2-303 

2-360 

— 

. 2-2331 

2-2833 

2-3140 


— 


The results obtained by the second method are as exact as those of tho first for the 
iodide of silver, less exact for the chloride and bromide. According to Des Gloizesnx 



the spectrum oHiromide and lodidt! of silver, begins even Iwtwoen G and Hy, and in 
that of the chloride, behind Hy, the tliree salts follow the law above given. As tho 
temperature rises tlie refniction of the three bodies diminishes. 



hollow 

blue nijEF, W....W — j -- — - — 

being quite independent of tho particular arrangements and apparatus used, ino 
iodino-vapuiir likewise tninsmits tho ultra-violet rays. Its dispersive power vanes 
inversely with tho temperature. To this previously isolated obsyrvntion another wm 

added by C. Christiiinscn {l**igg. A««. exli. 479), namely, that aniline-rod or ftxchsine in 

an alcoholic solution conUiiniiig 18-8p.c. of the colouring matter, exhibits very Mnjwk- 
ablo refraction-phenomena, tho indices of refraction for tlie several Praunhofur iinflS 
’ being: . . 

B C B P O H. 

I-jlAO 1*502 1-561 1*612 1-286 

increasing from 13 to n little beyond D, tlien decreasing rapidly to 
point again increasing. ■ . 

Christiansen {,Pogg. Ann, cxliii. 250) further deternrinod thodiimi^^ 
refractive indices of fire Fraunhofer lines wd the line H, 
index i^; was also directly measured. Tho latter measurein^m ^ 
certain tlia|k those of the aifibronces, in which, nevertheless, 
four units in the second place of fibres. By observatjatf tff 
Refracting angled of 1^* to 4^^, the following values 
^ ^ 18*8, 17, 8, and 2-5 p.c. fiiehsineln alcohol ^ 
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2*5 


Lines 


n 

?i-»n 

n 


tt 


B. 

. 0*138 

1*450 

0*118 

1*426 




0*011 

C. 

. 0*190 

1;502 

0*149 

1*493 

0-084 

1*456 


1). . 

J'. 

. 0-249 

1*561 

0*204 

1*548 

0-130 

1*502 

0*046 

. 0000 

1*312 

0*000 

1*344 

0-000 

1;872 

0-000 

C. 

-0*027 

1-285 

-0*022 

1-322 

-0*018 

1>354 

0006 

11. 


1*312 

— 

1-344 

— 

1'372 



n 

l-8o4 

1-419 
1*873 
1*367 
1-373 

The counoction between Anomalous dispersion and other optusal properties of tlio 
Ixjilies which exhibit it was first pointed out by A. Kuiidt Anil, cxlii. 163). 

Accoriliiig to Caucliy’s theory of metallic reflection, based upon experiments by Jamin, 
th<j iffractivo index of metals varies with tho angle of incidonco, and in most metals 
I ho law of dispersion is the opposite of that which holds good for transparent bodies. 
Tu put this theoretical deduction to the test of experiment is extremely difficult, and 
ill most cases impossible, on account of tho opaeity of metals. Kuiidt, therefore, 
ilirooted his attention to media standing bctw-con metnls and transparent bodies, 
namely tho so-called bodies with siirface-coiaitrs, wliich are transparent for certain rays, 
but behave to others more or less like metals, and reflect light with metallic lustre. 
The optical properties of these colouring matters, most of which are strongly tinted. 
May be summarised, as to all essential particulars, in tho statement that the light 
n H'cctod by them is complementary to that which they transmit, and that tho reflected 
rays uro elliprically polarised as in motallic reflection. Hence it appears probable 
that Ihcso bodies exhibit the most general case of disijersion ; that is to say, that in 
ihoiii 1 ho index of rofrriction for tho ordinary series of rays of tho spectrum, diminish- 
ing ly a wave-length from one end to tho other, may increase and decrease in any 
iiijiiinor whatever, and even become once or several times less than unity. Christ- 
iansen’s investigation of fuchsino afforded the first verification of this supposition, 
which has now been shown by Kundt to bold good for numerous media. 

The following bodies, which, in tho solid state, have a distinct surface-colour, exhibit 
in concentrated solution an anomalous dispersion ; that is to say, a spectrum in which 
the order of tho colours does not agree with that in tlie diffraction-spectrum or in the 
dispcrsion-sjjcctrnni of ordinary bodies : all specimens of aniline-blue and aniline- 
vioht, aiiiliuo-grocn (iodine-groen or Hofmann’s green), indigo (dissolved in fuming 
sulphuric acid), indigo-carmine, carthamin (doubtful), iiiurcxid (dissolved in potash), 
cyatiinc, [Kitassium permanganate, carmine. 

All these bodies refract red more strongly than blue liglit, and in those amongst 
them ill which green is the predominant surface- colour and may still bo distinctly 
recognised in the spectrum, this ray is tho least refracted. The substance which 
» xhibits tho phenomenon with the greatest clearness is cyanine. Potassium perinan- 
gjuifito and carmine exhibit it only when made into a paste by the introduction of solid 
matter. Kundt further remarks {Pogg. Ann. cxliii. 140) that probably all bodies 
which exliibit anomalous dispersion, and certainly fuchsiiie, aniline-blue, aniline- violet, 
Jimlino-gi'ocn, murexid, cyanine, and potassium permanganate, are also, in the crystal- 
Imu sfato, strongly dichroic ; that is to say, a ray of wliitc light entering a crystal of 
one of these media is resolved by refraction into two rays of different colours. 

All olijection to tho theory above developed has been raised by V. von Lang (Pogy. 
Ami. cxliii. 269) on the ground that tho observed appearances are produced in tno 
nupcrlcctly achromatisod eye byr refraction of the light through tho edge of tho very 
acute prisms used in the experiments. Kundt, however (ibid, 259), overrules this 
o|'joctioii by the description of his method of observation with a telescope, which ex- 
j- uaes the possibility of such an influence, and by observations on rays which had 
p-issocl through tho prism at a considerable distance from tho edge. Further experi- 
established the existence of anomalous dispersion in all the sub^tences above 
iiiTh ip clear solutions of those which nad previously l^en fi^mined only 

condition. The anomaly increases with the concentration. In very con- 
in- tl ■ tho anomalous spectrum is often very long. The Fraunhofer lines 

Uit ir most part, obliterated by the ovorlapping of the colours ; 

when one of the colours is intercepted by viewing the spectrum 
often A 1 .'*'^ medium. In this way it is seen that individ^ lM^ours are 

s'djfitnn elongated, as rod in fuchsine and cyanine, green in tlie latter 


into wys which are strongly reflected by them, and therefore ente|i 

what ,!I1! intensity, upd, indeed, for these rays alone, a soipi^ 
lofleet absorption. In a series of bodies which stw 

wo middle xa}w:of . tlie spectrum and, at the same time, exert a sUong ab 
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tivo power on thcso myfi, the refraction increAses with extraordinary vapMity in 
ing from the eicle of the groatex; wave-lengths (in air) towards the dbsorptioa^baQd' 
and in passing from the sido of the shorter ware-len^hs (in air) to the absorntioa- 
hand it diminishes with extraordinary rapidity. ^ * 

111 media which exhibit several sluirply defined and dark absor^ion-bands, a zefnc. 
tion anomnly is observed at the cclges of each of these bands. Proceeding from the 
rod cud of the spectrum, tho index of refraction increases strongly on approaching nn 
absorption-band, and diminishes perceptibly l>ehind. it. A number of bodies which 
absorb the spectrum from the blue end onwards exhibit a remarkable increase in the 
rfl'ractive index fi*om the red to tlic yellow. 

Aiioiiialous dispersion has further been shown to exist in solutions of Magdala-red 
coralliii, alizarin dissolved in potash, oraollin, litmus, iodine in a mixture of chloro- 
form aud carbon sulphide, logwood (in iiquaous or ammoniacal extract), Bnudl-wood 
(ammoniacal extract), blood (red aqueous extract), hmmatin, chlorophyll. Among 
solid bodies, ammonio-chromic oxalate showed a slight indication of anomaly, and in 
magiiesiiim platinocyanide, which is doubly refractive, ono of tho rays exhibited a 
dark absorption-band in the middle of tho spectrum, and indications of anomalous 
retraction ; while, in tho other, the absorption affected the whole of the blue and 
green and cxtoiidcd even into tho yellow ; this ray uccorclingly exhibited a great 
incrcasoof refraction from the red to the yellow. 

Anomalous dispersion is likowise exhibited by some bodies which have bdt a faint 
surface-colour, such as borax-glass coloured deep blue by cobalt, also potassio-cohaltic 
and ammonio-cobnltic oxalato (Kundt). 

J. L. iSorct (Poffq. Ami, cxliii. 325) has also made experiments on anomalous dis- 
persion, in which the influence of the solvent was eliminated by immersing tho filled 
hollow prism in a trough with parallel glass sides containing the same solvent. Opera- 
tiiig in tins manner it is no longer necessary to use light of so great intensity, or to 
make the light trav-erso tho prism close to tho odgo. With a moderately strong solu- 
tion of fuchsiue in a prism having a refrsictiiig angle of 30*^, tho violet was scarcely 
deflected, the rod 15', tho orango 23' ; in a much weaker solution tho violet was like- 
wise not perceptibly deflected, the red C', the orango 16'. Aniline-violet showed only 
a blue and a enrmino-red band, whidi overlapped each other unless the slit of the 
spectroscope was very narrow. In sunlight a trace of green was also visible towards 
tho end of tho spectrum, on the sido of tho blue band. The deflection of tho blue was 
of tho red 4^ Potassium permanganate showed a dofloction of 6' for violet, 9' for 
rod, and 12' for yellow light. Thcso numbers show to what extent the addition of 
anomalously dispersive substances dimiiiishos the dispersive power of tho solvent 
without producing much alteration in Ulo mean index of refraction. By suecessivs 
increase of concoutration tho dispersive power is first reduced to nothing and then 
becomes negative. 

A theory of dispersion and its anomalies, and their connection with absorptiwii 
founded on the consideration of tlio vibrations produced in the particles of by 

the vibrations of the ether and their reaction on tho latter, has been given by 
Vr, Sellmeier Ann. cxliii. 272; cxlv. 399, 520; cxlvii. 386, 525). 

miiorenoMine. — 1. Fluorescence of Barefied Gases after the poMoge of the FSeetrie 
Spark , — According to E. Sarasin (Ann, Ch^, Thye, [4], xix. 180), oxygen is the onlv 
blcmentHTy gas which exhibits fluorosoonce after electric sparks have been passed 
‘ through it, and among compound gases the only ones whicli exhibit the 
are those which contain oxygon. Morren, on the other hand ((7omy>f. Ixvui. 

J260), maintains that the production of fluorescenco requires the simultaneous prewnce 
of oxygen and nitrogen either freo or combined, and moreover that of an acid. 

Hive {fbid, 1237) considers that it still remains n question whether 
fluoresces well, or ‘whether tho admixture of a small quantity of nitrogen is necessa*/ ™ 
the production of tho phenomenon. i 

Alvergniat {Ckem, News, xix. 126) obaervos that Geiaslex^s tubes become 
when simply rubbed with the dry hand on a piece of silk. Tho 
is fa^ntt but increases if tho tube contains substances which become fluqreacont uii»» 
electric influence. . 

F. P. Roux (Compt, rend, Ixviii. 1104) infers from numerous oxpflrinwnto M** 
tho lum&Qsity thus pn^ucedds due to electrostatic induction ^tUn thoragficdj^ . 
A 0oisaWs tube becomes luminous in tho neighbourhood of h thin 

it conduct ^;^rogen, nite^en, monc^e, ^.), a TeiyKlU^i£l#ttft^fe^^'l 
developed; "the same effect is produced on removing the electa^ 


yrhich iC; rubbed on the side opposite to the tube. On 
flomawfakt oiiiflklv to a drv i^Ims vessel cmitainincr a t 



74$ 


. LIGHT. 

rds the modo of action exhibit^ in these oxporinionts ns capable of affording an 
^lanation of certain meteorological phenomena such as the aurora borealis, and 
‘h^t-lightning/ 

•> fluorescence of Mixtures of Alcohols and Sulphuric Aoid. — A ihixturo of strong 
Iphuric acid and absolute eih^ alcohol in equal volumes exhibits, when warmed for 
ten strong greenish-yellow fluorescence, which becomes somewhat sti eager 

n further heating. If the liquid bo heated till a largo quantity of sulphurous oxide 
? evolved, and tlie black pasty mass bo then treated with .alcohol, the extract btill 
^•xhibits the same groenish-yollow fluorescence in a lower degree. A mixture of methyl 
^alcohol with strong sulphuric acid becomes yellow-brown wJion heated and exhibits a 
strong fluorescence, even if greatly diluted with common alcohol ; the upper layer 
consisting of methyl alcohol remains colourless. Sulphuric acid similarly treated with 
amyl alcohd becomes first yellow, then orange, and finally crimson with greenish- 
vcilow fluorescence, which becomes more distinct after dilution with common alcohol 
(!■'. Gloppolsroder, Zeitschr. anal, Chem. 1870, 178). 

3. llluminatiou of Transparent Bodies. — A. Lallomand {Ann. Chim. Phys. [4], xxii. 
20U) has mado observations on the illumination of transparent bodies, obseivcd in 
(liructious at right angles to the illuminating r.iy. The intensity and colour of this 
illumination differ greatly in different bodies, and if the incident light is polarised, 
tho intcTisity in each body attains a maximum in the plane of polarisation, and a 
minimum at right angles to it. Collodion is one of tlio bodies most capable of illti- 
miiiation quartz (rock-crystal), rock-salt .and calcspar are among tho least capable. 
The coefficient of illumination dejjends upon the chemical njiture, molecular constitu- 
tion, iind refracting power of tho body. Tho petroleum hydrocarbons become illumin- 
atuil tho more strongly as their density and index of refraction are greater. In non- 
lluorcscp.iit bodies the lateral light is always completely polarised, and in tho direction 
pcrpcndicuLar to the plane of polaris.ation its intensity «= 0. Only a very few bodies, 
lujwover, are found to bo quite free from lluoro.scoiice, most bodies, oven crown .and 
Hint gla.ss, exhibiting a coloured fluorcBcenco. This fluorescence is either isochrotnaiic, 
tlmt is, of tho same colour as tho exciting ray, and in this case may bo produced by 
tho corresponding homogeneous ray separated from the spectrum in tho ordinary way.; 
or it is hypochromatic, and is attended with diminution of tho rofrangibility ; this kind 
of fluorescence, however, is produced only by tho ultraviolet rays. In the case of 
chlorophyll, tho general fact that the loss by absorption of tho ^ light which passes 
througli a body arises directly from the number of rays expended in tho production of 
tho lateral illumination and tho fluorescence, is parti cuLarly evident for the rod rays of 
the chlorophyll spectrum absorbed between IJ and C, wliich predominate in its fluores- 
cence spectrum. Quinine sulphate, uranium glass, and potassium chromate, and 
solution of sulphur in carbon sulphide do not extinguish the fluorescent light of 
chlorophyll ; but chlorophyll, on the other h.and, completely extinguishes the fluores- 
cence of quinino, and for tho most p.art that of uranium glass, ^ and prevents the coii- 
rorsion of soluble sulphur into insoluble, which is produced in that solution by tho 
more rofrangiblo half of tho spectrum (from F onwards). 

'At right angles to the plane of polarisation, nearly all isochromatically fluorescent 
hodius exhibit a light not perceptibly different from wliito light. Tho ratio of its 
intensity to tho maximum intensity of the lateral light (panallel to the plane of polar- 
isation) was found to bo: in collodion = 007, ethyl alcohol « 0-16, amyl alcohol 
.= 0-34, carbon sulphide = O’OO. These ratios are greatly altered by the slightest 
inipnrity in the substance, and might serve — as Lallcmiind’s apparatus is very'’ simple 
—as in^cations of the purity of the several substances. 

_0n Fluorescence in general, see Hngenboch {Pogg. Ann. cxlvi. 65-89, 232-256 ; 
375-406; 608--536 ; abstr. Chem. Soc.J. [2] x. 1068). 

On the Fluorescence of Solutions, see H. Morton {Sill. Anu c71 [3], ii. 198, 355; 
Ohm. Soc. J, [2], ix. 992 ; x. 27)- 

On the action of Rays of different Refrangibility on Phosphorescent (Fluorescent) 
Botlies, see E. Becquerel {Comiit. rend, Ixix. 994 ; Jahresh.f. Chein. 1864, 167). 

Absorption. 

1. Absorption of Light by Iodine, — Iodine vajwur, which transmits the blue and red 
’■•'lys of the spectrum, to which property it owes its fine violet colour, absorbs the whole 
tljfi red rays as its thickness increases, transmitting only the blue. A solujdon rf 
in carbon sulphide exhibits the same dichroism when the quantity disrolved is 
; the alcoholic solution, on tho contrary, is always rod (Andrews, Chem. 

ot' ^^^^^ption of lAght by CWorMiAyTl.— According to L. Sdionn {ZeiU^hr, ana/, 
1871, 327) the BpMtrom of the alcoholic extract of green leaves exhibits only 
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thpoo absorption -bancle, whereaa Haganbach {Pogg^ Ann, 246\ Jakr(iib. 1371 
171) observed six. Schonn, however, remarks that the absorpison^l^nd in the 
transmits a little light in the middle, that is to say, it really consists of two bands 
In the passage of light through fresh leaves, only the rod band was seen 'at first, but 
ns the leaves dried and faded, the entire spectrum of the alcoholic |)olution. bwamo 
visible, whence it appears that the solvent does not niter the optical properties of the 
chlorophyll. 

The gold-yellow filtrate of the alcoholic extract treated with sodn-loy shows two 
absorption-bands, one coinciding with the middle of the band in the rod, one with the 
middle of the space between tlie bands of the orange and rod in the nnaltered chloro- 
phyll solution. , 

The blue colouring-matter extracted by alcohol from hyacinths and violets exhibits 
throe absorption-bands all situated a little to the right of those of leaf-green. The 
solution coloured by acids transmits only rod light in a rather thick layer, but in a 
tliinncr layer the spectrum brightens from tho violet end onwards, and there remains, 
to the right of the sodium lines, a broad absorption-band which gradually becomes 
lighter as the solution in inora diluted. 

TJio lower side of most green leaves exhibits, when viewed through a hand-sp^tro- 
scope, a continuous spoctruin from B to F, without the absorption-bands peculiar to 
chlorophyll. Tho brightness is somewhat less than that of the corresponding part of 
a spectrum of white paper, but the colours are distributed in nearly the same propor- 
tion (J. J. Muller, Pogg. Ann. cxlii. 616). 

On the Absorption-spoctPuni of Chlorophyll and its Modifications, see farther, pp. 
826-330. 


Colovn of Bodies. 1 . Colours of Metals . — The ra^fs of light reflected from a 
coloured body are always more or less diluted with white light, because tho light 
w liich illuminates tlio surface of the object is never completely decomposed, a portion 
of it being always directly reflected. Tho colour of a polished metallic surface is 
ordinarily invisible, because tho tint due to the feeble decomposition of the light is 
overpowered by tho more powerful reflected ray. 

The method heretofore adopted for rendering tho colour of metals visible, consisM 
in repeatedly roflocting a Ixjam of white ligfht from the metallic siirfaco under exami- 
nation. At each incidence the white light is partially decomposed, and if the number 
of incidences be sufficiently multiplied, tho whole of tho white light will disappeari 
and only tlio pure coloured rays bo visible. The actual experiment, however, is not 
very successful, inasmuch as a large portion of the coloured rays is lost by gradual 
dispersion. A better method consists in bringing into operation the well-known law 
that when white light is decomposed, tho reflected coloured ray is complementary to 
tho transmitted or absorbed ray. ^ u v n v 

For this purposo a transparent solvent of the metals is required which shall have 
no chemical action upon them. In the case of the alkali-metals, anhydrous 
ammonia is found to answer successfully. When placed in this menstruum, thew 
metols gradually dissolve, producing a solution which appears blue 
light. Flam this circumstance it would appear that the natural colour of the aumn- 
metals by reflected light is coppor-rcd ; and, in fact, on gradually adiliiijg wo solvcn- 
to tho metal, the silver-white colour first gives place to coppor-nm, aiid then, jw in 
solution becomes more dilute, to tlie blue colour of tho transmitted ^ , 

change of colour is exhibited by anilino-blue when treated with alcohol (C. A. oeeiey, 
CAowi. .ycttw, xxiv. 223). 

2 . Change of Colour produced by Heat . — Observations by E. J. 

188) have led to tho following general rule: When tho 

jii-the pulverul'-nt state, without the occurrence of any chemical chhngo (loss oi yfe 

flcopic or cryi^allisat ion-water included), alters with rise of temperatuw, anu b 

through tho aimo changes in tho rovorso onier on cooling, till the^ 

colour is restored, tho addition of heat invariably alters the cdour^ 

and the abstraction of heat alters it towards the more ® 

j&^lally sensitive are tho following substaucos, arranged according 

of their colours in tho spectrum : — br^n 

Red: Cupric Ferrocyanide : colour, mahogBny-broiirn,/c)agj|i!^\^.^|^*‘^^^^g 


nture not much below redness. Cuprous iodide ; dork red;: jj^g pfc^ 
very moderate heat, afterWfirds brownish-red, browh. 
black, the original colow returning veiy quickly on. 
nabar) : vermilibn-red, becoming brownish-red oh 
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coming dark red. Acid ^tacAum elwmiatc ; rod, becoming dark red ; best observed 
on heating a small dc^rstai. 

Orange: Arsenic bisulphide (realgar): orange-red in the pulverulent state, becom- 
ing dark rod, and broum ; the original colour returns quickly. Mercuric oxide: 
orauge-yollow powder, becoming red, dark rod, and brownish-red. Lead iodide ; orange, 
bocoming darlwr orange, orange-red, and red. Ferric oxalate; light orange, becoming 
(liirkcT (in this case only a moderate heat can bo applied, as decompositioti takes place 
ai, liighor temperatures). 

Yollow: Neutral Lead Chronuite\ yellow-orange, bocoming orange-yellow, orange 
ami orange-rod. Stannic sulphide (mosaic gold) ; brownish orange-yellow, becoming 
iliii’k rod, nearly black; very sensitive. Arsenious sulphide (orpinieut); orange-yellow, 
becoming deeper orange-yellow, yellow [? orange], orange-rod, red. 

Oroen : Argentous iodide ; greonish-yollow, very sonsitlvo ; bocoming first orange- 
yellow, then deep orange. Mercurous iodide \ ycUowish-groon, still more sensitive 
ilinn the last ; becomes orange-green, rcddish-orunge, rod, and brownish-rod in very 
quii-k succession. 

.Many other bmlics exhibit similar changes, although loss distinctly. Xu blue, 
imiigo, or violet bodies, have yet been found wliieli, in the solid stuttt, exhibit change 
of colour befuro dceoniposition. Such an alteration has, however, been oViserved in 
nvo wliito bodies. Zinc oxide assumes, when heated, first a scarcely perceptible bluish- 
Avhitc tint, then becomes green niid yellowish-green, and d4)es not quite regain its 
original whiteness on cooling. Stannic oxide^ when heated, first becomes pale green, 
liion decidedly yellowish-green, and goes through the entire se;de of colours to orange 
«jid reddlsli-oraiigo, but returns, on cooling, only to greenish- white. 

In solution, bodies are more sensitive to heat than in the solid state. The follow- 
ing hare been examined in aqueous solution 

11 od: liosani1ine\ decidedly red, becomes distinctly darker at the boiling-heat. 
Decoction of logwood \ deep red, bocoming darker. Cobaltom chloride ; pale rod, bo» 
roniiiig darker flesh-red. Ferric stdpkate ; light rod, becoming rod-brown. 

Orange: Chromic acid ; reddish-omngo, becoming redder. Acid ammonium chro^ 
iimic\ orungc-red, becoming pure rod. Ferroso-ferriG oxide; in weak solution orauge- 
red, very sensitive ; becomes rod and rod-brown. Acid potassium chromate ; orange- 
rod, becoming red. 

Yellow : Ferric nitrate; brown-yellow, bocoming red-brown. 


Or eon: Potassiuin ferroeganide; yellowish-green, becoming yellow. NetUral potas* 
mini chronuite; yellowish-green, bocoming yellow. Nickel nitrate; pale green, bccom- 
iiif; greenish -yellow. Nickel sulphate ; green, bocoming yellow-green. 

nine: Cupric cldoride; blue-groou, in weak solution becomes decidedly greenisli- 
yellow ; very sensitive, the colour returning quickly on exjoling. Cuwio siilphate; 
decidodly blue, becomes distinctly green at the boiling heat, rind quickly recovers its. 
original colour when the source of heat is removed. 


Violet: Ammoniacal Nickel oxide; ^dolot-bluc, becoming light blue. LitTJt^ 
iion ; violet, becoming indigo-bluc. 

Tlio changes of colour produced by fall of temperature were found to l>e, without 
weeption, directed towards the violet end of the spectrum. Oimiabar acquires a bright 
rud colour ; stannic stdphide changes from brownish orange-yellow to lighter brown- 
yellow; viercuric tritosulphate from yollow to groenisb-yollow; lead iodide ^m orange 
to light orange ; from yollow-orango to greenish -yellow. ■ Other bodies 

exhibitod no change of colour, the moans adopted for lowering their tempemturo being, 
’•J liict, manifestly inefficient. Aqueous solutions could not, for obvious reasons, bo 
obsened at very low tomperatures. Distinct results wore exhibited only by solutions 
01 -Cupric sulphate, pure blues becoming darker blue on cooling; potaasium ferro- 
nearly pure yollow in saturated solution, becoming slightly greenish ; euprie 
(^lortde changes from bluish-green to blue-greon ; ferric ehloridet orange-yellow, 
p cornea yellower ; ferric nitrate, oraiige-yollow, bohavos like the ^ preceding ; 

chloride, in ethereal rolution, cooled by evaporation of carbon sulphide, changed 
« colour from yellowish-green to pure green, , 

3. Compie,„fntar^ <Cohwn^K. W. Hofmann {DmU. Chem. Om. 2?»V i v. 6M) ha. 
‘ ' (i obsG^ntions on, the oomplementary colours exhibited by various gnilirio dyf® 

«nd reflpcM Jiffht. Kosnniline salts in solution exhibit, by tapitnsmitted 
croAfl* ‘.®®P colour ; their Larger crystals reflect a splondul eantharmes 

enih .^1 to experiments by Doie, these two colours are wontical with the 

piementary colours of a lamina pf gypsum, which cahibitB, in; vised 
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difference of path equal to of, a Tt-ave-length. A eotieentrated alcoholic ^ 

iodme-grem, evaporated in a glass basin » leaves a homogeneous transparent vami&h 
wliich tmiiGnuits a splendid green lighti but exhibits by reflected light a higUy charoc. 
tcristic rod coppery lustre ivhich comes out very distinctly on friction ; ihosia, ^conj. 
ing to Dove, are the tvo colours of a gypsum lamina having a difference of path Mual 
to J of a wave-length. On wanning the glass dish, the green changes to Violet, and 
the reflected light becomes brass-yellow, corresponding, according to Dove, with a 
gypsum lamina, having a difference of path eqiuil to » or J of a wairo-lengtli. 

Circular Folaiiaatlon.— 1. Jdelations between Circular Polariaation, CrgstalUne 
Form and Molecular Stritcture, — Bammolsbeig (Deut Chem, ii.31) observes 

that bodies which exhibit circuhir polarisation may bo divided into three classes: (1) 
Those which are optically active only in the crystalline, not in the amorphous or the 
fused state : quartz, sodium chlorate, and sodium bromate, Schlippe’s salt (2) Those 
which are active only in the amorphous or liquid form, not when crystallised: the 
two tartaric acids and their salts, the malates, aspnrugin, various sugars, camphor. 
(3) Bodies which are active in ])otli states: the only body of this class at present 
known is str}''chnino sulphate. 

Thu crystals of circularly polarising bodies are in all cases enantiomorphous, 

i.e. they exhibit right and luft non-superposiblo forms, resulting from hemihedrv. 
lIoDco it may bu inferred that crystal-molecules are not identical with the indi- 
vidual molecules of bodies themselves, but that a crystal' molecule is a group of in- 
dividual molecules. In bodies which, in the crystallised form, exhibit the opposition 
of right and loft, the crystal-molecules are linkoil together in opposite directions (like a 
right a lid loft handed spiral, .screw, winding staircase, snail-shell, or loaf-arrangoinent). 
In bodies of the. first kind, the individual molecules do not exhibit this opposition of 
arrangement. In bodies of the third class, on the contrary, this opposition affects tliu 
individual moleculu.s themselves, which are arranged in one direction or the other. In 
bodies of the second class, the molecules constituting a crystal-molecule are arranged 
in a direction opposite to that of the crystal-inoloculos, so that in the crystal, the 
effects of the oppositely niTanged individual molecules and crystal -molecules neutralise 
one another ; but when the arrangement of those latter is destroyed by liquefaction or 
solution, the action of the individual molecules becomes apparent. 

On the relation between Circular Folarisation and Crystalline Form, see also 
P. Groth (JPogg. Ann. cxxxvii. 433); V. v. Lang {^id. 447). 

2. Circular Polarisatwn in Dithionaiea or HgposulpJtates. — (C. Pape, Fogg. Ann, 
cxxxix. 224). Among tlio dithionates which crystallise in the hexagonal system, the 
greatest rotatory power is exhibited by the optically positive crystals of the lead salt 
with 4 mol. water, and the anhydrous potassium salt, both of which may be obtiined 
in crystals sufliciontly large and transparent to admit of the determination of tiie 
angle of rotation for the Sraunhofer lines 0, I), £, F. The rotation of^ the plane of 
polarisation for rays wliich have traversed the cr^rstal parallel to the principid axis is 
directed to the right ns often ns to the left, and is of the same magnitude in both 
cases. For plates of 1 mm. in thicknc.ss the following values were obtained: 


Lend Dithionnte 
Potassium Dithionato 


Angle of rotation for the line ; 

C D B F 

4 093° 5-531° 7-252° 8-881® 

6 182 8-835 10-61 12-33 


The observations . on the optically negative dithionates of calcium and strontium 
presented gre.-itor difficulty. The calcium salt with 4 mol. water gave a mean rtitotion 


of 2-091 


Iii tlie double dithionate 


UA A ucrx , the strontium salt with 4 mol. water gave 1*642. jiu ui«3 
of lead and strontium, which also crystallises with 4 mol. water, no rotation could be 
dt^ctccl; but this negative result was perhaps due tx) the smallness of the crystals 
esu^fned. Neither of the four salts above-mentioned exhibited anjr hemihedral fimts 
iirhich might have afR^ided indications of the direction of the rotation in 
On the lai^i. salt, however, such faces could bo artificially produced IqT 
proper sumnAils, and leaving the salt to crystallise further. Neither of tbft; sid^cx- 
hi bited circular polaris.'ition when dissolved; neither did tlio double. ® 
S nml. potassium dithioiiate and 1 mol. sodium chloride, which 
forms approaching very nearly to the monometric (o : e » 
sign of circular polarisation, even in the thickest ciystaU; 

3. CireidaF Pohrieition in Btmsile and in CampAore,-r~'DeiieIe^tai^^^^^^ 

Uyiii. 2^) that the erystiils of benziie, Ijcsideii tludf 
pQssctf's.tho ptiTitr of elrenb^ polarisation in the 
axis, and that A plate of this substance 1-15 mm. tbickifit 
quartz plate of 1 mhi. J aud he htu further 
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hedral faces can be detected even on cx^stals of benzile prepared in the most various 
riYs and tliftt among tlio ciystals -whicli separate from the solutions, some turn the 
Tll ine of polarisation to tlie right, otliera to the loft. When a iiour solution was formed 
if dextrogyrate crystals, the first crystals which sopirated from it wore for the most 
nirt also aoxtrogyrate, but those whicn scporatod nt u later stage were again a mixture 
if tho two kinds. The solution was optically indijforent. 

Stsveral kinds of camphor, on tho other hand, exhibit circuhir polarisation in tho 
vUto of solution, but not when crystallised. Besides common camplior, Dcscloizcaux 
jilts found five other species which possess this property. The following table exhibits 
tho singles of rotation, o, of these several camphors in alcoholic solution [? saturated], 
at 17° ^ column 20 centimeters long : 

Potschouli camphor, C **11**0, hexagonal, and 

exerting negative uniaxial double refraction . a = — 237® at 17® 
Mint-camphor or Menthol, C*®H*“0, hexagonal, 

negative . . . . . . , o = — 209° at 16° 

Borneo Camphor, C*®II**0, monometric . . a = + 33° 4' 

Tcrocampheno, monometric . . . a = — 03° 

Monohydrochloride of Turpentine-oil, 0*®H**.HC1, 

monomctric a = - 31° 


<1. Circular Polarisation induced hy Magnetic Action . — The rotatory power acquired 
liv SI considerable number of liquids under the influence of au electro-magnet hsis 
been determined by A. do la Kive {Phil. Mag. [4], xl. 303), with the following 


iL-sults : — 

1. The specific magnetic rotatoi'y power of a body, i.c. tho ratio of the rotation pro- 
duced in it to that which is produced undf‘r exactly similai* eircumstanccs in distilled 
water, docs not exhibit any definite rclsition to the other j^hysical properties of the 
bofly. Although tho denser and more rrfr.ictivo liquids appear for the most part to 
possess this power in a greater degree than others, there arc yet several remarkable 
exceptions to this rule, amongst whicli tho acids of sulphur are tho most conspicuous. 
Chemical composition, on tho other hand, has a decided influence. The entrance of 
an additional atom of oxygen into a body possessing rotatory power diminishes this 
power, whereas biominoand iodine increase it greatly, and nitrogen inn lesser degree. 
This last law is demonstrated especially by observations on certain isomeric compounds. 
Nevertheless, the atomic grouping, and, therefore, tlio atomic volume, lias also a 
decided influence. 

2. Bise of temperature diminishes the specific rotatory power of all bodies ; in the 
jirst place, by tlio expansion and consequent diminution of Uie number of molecules 
in a given volume which it produces, and, moreover, by a direct action, independent 
of expansion, which is especially manifest in slightly expansible bodies, such ns water. ^ 

3. A mixture of two liquids, formed without Uie occuiTenco of chemical action, has 
a- rotatory power which is the mean of those of the constituent liquids. This result 
does not hold good in the case of mixtures of sulplniric acid and water, if tho quantity 
of one of the two constituents amounts to 0*2 of the mixture. The exception is pro- 
bably duo to chemical combination, which always diminishes the rotate^ power. 
This result may afford a moans of distingnishing mere solution from chemical com- 
bination. 


4. A more exact study of rotatory power promises to throw light on tho internal 
constitution of bodies, inasmuch as tho phenomenon depends, not only on the nature 
of tlio molecules, but likewise on their arrangement. Solutions and .isomeric com- 
ixjunds in particular are likely to furnish important results. 

The following aro some of tho numerical results : — 

Density Bpecifle rotatory 


power 


Alcbhol 0-804 0-876 

Carbon bisulphido .... 1’270 3*16 

Sulphuric Odd (concentrated) . . 1*842 * O'fiOp ; 

H*SO', chemically pure . . . 1’832 0*750 


, the specific rotJitory power of Ethyd Oxide is 0-838; of Ethyl Bromide, 

of Ethyl Iodide. 2'233 ; of Liquid Sul^iiir Dioxido, r2-l2; of wo same in 
sijturated aqueous solution, 1-100; of Copaiba-oil, 1*320; of Turpentiiio-oil, 1*192 ; 
*** Ueasote, 2'259. ' . v 


ommoiu Acnrxo* or. Disiribtaion of Chemical Energy in 
— Goncemitig the distribu^on throughout tlio spectrum ^ intensi^ 


‘ 1^*0 chemically 


fused netive rays, Dr. J. . W. Draper (Phil, Mi 


( f B 7^°^® oppeied th tliose genoraBy held, according to wh><® * maxii 
* s'*ch rays exists between anii H. und> gradual diminufcw 


[4], xliT. 422) has ptt) 
it maximum intensity 
loh takes place 



rso 
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on each aide of this region. Draper, on the other han^ asserts that, so fair from 
chemical influences being restricted to the moro refhin^le rays, every ^rt of the 
spectrum, hotli visible and invisible, can give rise to ch^ical changes, dr m<^fy the 
molecular arrangement of bodies ; and the ray capable of producing chemical change 
in any mrticular substanco is that one which the substance 1^ the power of absorb- 
ing. ^6 experiments cited by Draper in proof of his conclusions do not appear to he 
new ones, whilst the fact that different photo-chemically sensitive substances are not 
affected alike when exposed to the solar spectrum has long been kno^, and it is also 
generally admitted that a certain action^ though a gradually diminishing one, is notice- 
able in the case of almost every chemically active substance for a long distance both 
into the invisible and into tho yellow and rod rays. The maximum of chemical action, 
as observed with bromide of silver, differs in position from that with the iodide and 
chloride, and all these again differ from tho maximum (apparently in tho yellow) 
observed in the decomposition of carbonic acid in presence of tho green colouring 
mutter of plants. 

Thus, for iiistanco, C. Schultz-Sellack (pent, Chem. Ges. Ber, iv. 210) has shown 
that whilst a collodion-fllm sensitised with chloride of silver is sensitive for the por- 
tion of the spectrum lying half-way between 1£ and G, an iodide-film is sensitive to a 
p<hnt be3’ond G, and a bromide-collodion to a point close upon F; and Sellack (like 
Draper) concludes that tho lialoi'd silver salts are decomposed by those mys upon 
which they are capable of exerting a powerful absorbent effect. 

Professor H. Vogel, of Jlerlin {Deut. CJmm. Ges, Ber. vi. 1302; Pogg. Ann. 150, 
453 ; PhU. Mag. [4], xlvii. 273) has recently shown that not only is the maximum of 
photographic action dependent upon tho absorbent power of the particular substance 
for different rays, but that the admixture of ccrtfiin coloured but chemically inactive 
Hubstances with the sensitive compound has tho effect of altogether altering the position 
of tho maximum of chemical action. Thus, for instance, when a yellowish-red colour- 
ing matter, such ns aurin, was added in small quantities to a brominized collodion, tho 
plates prepared with this and sensitized in tho ordinary way exhibited, when exposed 
to the solar spectrum and developed, two distinct maxima of action ; one (being tliat 
observed with an ordinary bromide plate) in tho indigo, shading off in intensity on 
each side, and becoming weak near F; the otlier (l)oing a new phenomenon) nearly ns 
intbnso as tho first, but occurring in the yellow. Thus it appears possible to propre a 
bromide of silver plate which is affected as much by tho^ yellow — usually considered 
as chemically inactive — rays, as it is with those in the violet, usually supposed to l)o 
chemically the most active rays. By adding to tho collodion a substance (ono of tho 
aniline-greens) which absorbs the red rays between D and C, a bromide-film can bo 
prepared upon which tho red rays near C are capable of producing an effect. Tho 
sensitiveness of this film was found to diminish from violet to yellow, and_ then to 
increase again, showing a distinct maximum at tho point where the absorption-band 
appears in tiie spectrum of tho aniline-green. 

&. H. Draper {Phil. Mag. [4], xlvi. 419), in a paper on Kffbactiou Spec^m 
Photography, states that ho has likewise succeraed in photographing the linos of the 
visible spectrum from h downward, and that tho picture comprises not only uie regions 
ineiudeff within tho lines E D, C and A, but also the ultra-red rays with_ thMf 
three distinct mups. Draper has not, ns y-et, made known the process by which he 
1^8 obtained these singular and important results. , 

E. Budde (PhU. Mag. [4], xlii, 290, 204) has described an experiment in which an 
increase of volumie was observed when chlotine was exposed to the chemiwlly actiw. 
rays, and a corresponding contraction when no longer under the influence ot hgit. a 
L eslie’s differential thermometer was filled with chlorine, and oil of vitriol pWioiW 
saturnted with chlorine substituted for the index fluid. The bulbs were then pi 
so that either of them could be illuminated by any portion of the ^ar spectra .> 
while tho variation in the position of tho index was observed by a telespqpe- A 
ex^nsion of the gas occurred when tho bulb was exposed to this red 
blit a Tns.viinnTti displacement of 6-7 millimeters took place in the blue , * 
violet ray^ Control experiments showed that this change^ of yoli^P waa 
to cfaangd’pf temperature. A thermometer filled with chlmrine was ke]OT 
bath and ei^^oeed to direct sunlight. By alternately shading the ^^and the j, 

the bulbs, a displacement of tho r-'*- 


ibtidned 


I index amounting to several jcen^ipot^wwpl 
Budde explains this expansion by supping that 


ciilorine-molocnles into chlorine-atoms. Tho writo this fhs 

observe that he has repeated Biiddo’s experimonti, but lJ^ v - 5^-. 

sUshtest altomtion in volume in tho insolat^ as 
With respl^ to the measnroment of tli^ ch^iod' 
done beyond the. establishment of a sOlf-a^ng hipw 
Bo^cop has recently describpdi (P^» Trans. Pw I 


LIGHT, CHEMICAL ACTION OP. 761 

proc. Boy, Soc, xxii. 158) an instz^eiit by Dvhich the varying intensity of the chemi- 
rally active rays, as affecting chloride of silver paper of constant sensitivonesc, can bo 
niado self-recording. The method described (lii. 686) in the Bakerian Lecture for 
1865 , aitbough it has been the means of bringing into notice nuiny important facts 
concerning the distribution of the sun’s chemical activity throughout the atmosphere, 
iif; well as in different situations on the eailh’s surface, has not as yet been introduced 
ail a portion of the regular vork of meteorological observatories, owing to the fact that, 
in order to obtain a satisfactory curve of daily chemical intensity, at least hourly 
ol)ser\'ations need to be made, and tliis involves the expenditure of more time and 
labour ^an it has been found possible to give. The present method, whilst preserv- 
ing untouched the principles and accuracy of the former method, reduces the personal 
attention needed for carrying out the measurements to a minimum, and thus renders 
its adoption in observatories possible. 

According to this plan, a constant sensitive paper is exposed by a self-acting 
arrangement for accurately known times, at given intervals throughout the day. The 
insolation apparatus stocked with sensitive paper is placed in position either early in 
tJio morning of the day during which the measurements havo to bo made, or on the 
pnivious night, and by means of an electric communication with a properly arranged 
i lock, tlio sensitive paper is oxpos^ every hour during the day, so that, in the evening, 
the observer has only to road off, in the ordinary manner, the hourly intensities which 
liave been recorded on the paper during the day. 

This self-recording arrangement, though apparently simple, involves points which 
IiHvc rendered its successful completion a somewhat difficult matter, owing, in the 
first place, to the great Variations which occur in the chemical intensity of total day- 
ligiit in difforent places, at different times of tho day, and in different periods of the 
year ; and secondly, owing to tho fact that, in ortlcr to bo aide to estimate the chemical 
iiiiciisity, tlie coloration aoq[uircd by the paper must rojich, Init not much exceed, a 
givoQ tint. It becomes necessary, therefore, that on each occasion when an observa- 
tion i.s needed, tho sensitivo paper should bo exposed mechanically, not once, but for 
known but varying intervals of time, quickly succeeding each other ; so that 
wimtevop m»*iy be tho intensity of tho total dayliglit (supposed during these intervals 
lu remain constant), some one at least of tho seveml oxjiosed papers will possess llio 
roqiiisite shade. This is accomplished by a duplicate arrangement of a clock and 
insoliiiion-appiratus, by m^ans of which discs of tho constant sensitive paper uro 
cxpjsccl each hour for successive known intervals of time, varying from two to thirty 
Kccoiid.s. After an interval of an hour, another sot of discs are exposed for the same 
series of intervals, and these series of insolations are repeated onco every hour during 
the (lay. 'riio mechanical arrangements for effecting this with accuracy are shown in 
tho following figures. The minute-hand A of the clock (fig. 22.) is connected with 
the train of wheels B, C, B, in such a manner that the last yvliool D makes one revo- 
lution in two minutes. On the poiiphory of tho metal wheel are fixed eleven stout 
pliitinum needles (numbered 1 to 11 in the figure), each of which projects three milli- 
inotcrs boprond tho face of tho wheel. As the wheel turns round, each of these needles 
k successively brought in connection with the elastic metal arm E, the end of which 
is coated with platinum. Tho platinum pins ore attached to the wheel in such a 
nmiiner that the contact lasts only for an instant, and is then broken till the next pin 
(^'OMics into position. This takes place eleven times in all. The int^vals during which 
tile contact is broken are of various lengths, according to tho intervals between the 
I'l-itinum pins. In this country the following times of breaking oOhtact have been 
lound the most convenient : — 

Interval . Bo. 1 2846 6 7 8 0 10 

Seconds • • 2 3 4 5 7 10 12 17 20 30 

if the instniment is to be used in places where tho chemical intensity is much greater 
or smaller, another interval must be adopted. While the wheel is in contact 'inth the 
'•luHtic arm E, an electric currept from several cells of a powerful buttery passes 
through a second elastic arm F, and tiirdugh wires which connect tho clock with tho 
insolation-apparatus. As soon as contact is broken at E, tin's current is likewise 
intorruptcd. The paper of constant sensitiveness is cut into long narre^jstrips as in 
^lorse’s^ telegraph-apparatus. The lenrth (about 3 meters) must bo sufficient for a 
This paper stnp is wound round the roller B (fig. 23) from which it passes 
tho light metal ^eel W, having a diameter of alxiut 16 centimeters. One end 
iho paper strap is attadied to this end, The escapement wheel F (fig. 23) is set 
^notion by a spring S, and Vs k c|)mmon axis with the wheel W. The escapement 
connected with a piece of im J^,^phic6d near an electromagnet AT, round which a 
passes as soon as met^lid cbntlct is established with E (fig. 22). 

^oen a cuxrent passes the ^ectVQ-xnagUet, piece of izou ia attracted, 
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the eseapement is set free, and Uie wheel with the paper is moved thremgh an an* 
depending on the number of tooth in the cscapemont-whool F. As soon as tlie cunent 
is interrupted, the piece of iron is brought back to its original position by the spiral 
spring S. 

When the minute-hand of the clock (fig. 22) comes to a certain point, a pin p, fixed 
upon it, presses on tho longer arm of a lever L, which depresses the elastic arm 
The platinum pins of the wliocl D now press against tho arm E, and the current is 
ostaolished and interrupted in the intervening spaces. Tho sensitive paper is theiebv 
moved forward, after curuin intervals, through a distance which is sufficient to bring 
a fresh part of it under tho circular opening. This small paper disc (4 mtu. in dia- 
meter) is thereby exposed till tho current is re-established, and a fresh disc brought 
under the opening. It is easy to see that by this means the sonsitivo paper is exposed 
during the abore-meiitioned interval, which may amount to 80 seconds, till tho wheel 
D has made one revolution. The fixed pin p, of tho minute-wheel, has, during thia 
intcrral, moved forward so far that it no longer presses against the bent and thick 
end of tho lever L, and consequently tho end of tho elastic arm E is brought back by 
the insulated spiral spring H. The arm now remains in this position for an hour, 
whop it is again pressed down and brought into connection with the platinum pins! 
During this hour u; disc of p;iper is exposed and thereby strongly blackened. If one 
of these black discs is marked in the course of tho day, tho hours may be known in 
which tho different expositions havo taken place. 

The appiratus, when in uso, is protected by a light mctallio blackcnod shade, on 
which is fixod a metallic plate with a circular opening (4 mm. in diameter) carefully 
rounded on tho edges. A steel spring AB (fig. 23), on which tho sensitive paper is 

Fig. 22. Fio. 23, 



pressed, presses it against tho horizontal metal plate, so that the exposed papor disc 
lies close under the aperture of the plate. To keep the paper and apparatus dry during 
wet weather, the wdiolo is covered with a glass shade. The loss of light thereby 
occasioned must bo experimentally determined for each instrument. 

^ When the apparatus is taken out in tho evening, which must be done in n room 
lighted by a soda-iinmo, tho black discs are scon whmh have been- exposed for an hour. 
Between these arc ton discs of various shades ; that which has been exposed for 2 
seconds only is perhaps .scarcely visible, while that wliich has been exposed for 80 
seconds is perhaps too dark for tho detorini nation of the intensity. • One of tho di^ 
must have a shade whose intensity can bo road off on a ffxaduated atrip (see vol. lu. 
p. 687 ; figs. 70r>, 706). 

A neur metl^od of calibrating tho fixed strips of standard tint necessary 
nionsurements is also described, but for this wo must refer to the original paper* ^ 

TJiis paper also contains graphic representations by curves of the results Of 
of comparisons of the curves of daily chemical intensity obtained (1) with the 
ihsolator ; (2) M'ith tho self-recording instrument. Comparisons of this nhtiire,3?.*^ 
made during tho months of May, June, and July, 1873i bysimiiltaneons 
minations iit the neighbourhood of Manchester, according ;!^ both 
artd curves show the clos-i correspondence of the two Sets of Obsen^tions.;: 'TM 
grols of total cho ideal intensity deduced firom ^e tvo^ . nets of 
e.c!iibit as Closn an agreement as can be : 


XiSOir A&oas, oii OI*« see Oits Vox^aiujl^^ 
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UOMIV* This name ia eomotimee used ri^nonraoiuly ‘with cellulose (i. 818), 
but it ia more properly applied to tlie substance, or mixture of substances, which fer- 
ments and encrusts the cellulose framework of many vegetable tissues. This encrusting 
matter, which may bo removed by prolonged digestion with dilute nitric acid, contains 
more carbon than cellulose, and more hydro^n than oxygon, whereas in pure cellulose 
the liydrogen and oxygon are in the proportion to form water. Lignin is much loss 
fligfistible than cellulose, and forms indeed the indigestible part of fodder (Payen, 
timiiL rend. Ixxii. 457). 

UOVZTBm The composition and heat of combustion of lignites from several 
localities in France and Germany have been determined by A. Scheurer-Kestner and 
C. Meunier {Compt. rend. Ixxiii. 1332), with the following results : 

I. Hard lignite from Fadeau (Bouches-du-lUi6ne) : block compact mass, with dull 
concheiclul fracture. 

II. Jlicli lignite from Manosqiie (Basses-Alpes) : friable mass, having an unctuous 
Aspect, Idack colour, and uneven fracture. 

III. Hard lignite from Manosqiio : black compact mass, witli shining conchoidal 
fracture. ^ 

IV. Kich lignite from Bohemia: compact mass, with uneven fracture, black and 

sliiiiing. 

V. Lignite ].>ns8ing into fossil wood, from Bohemia : aspect dull in the direction 
of tlic wofidy fibres, shining in the transverse direction. The fracture displays a 
stratification of closely lying layers. 

VI. Ff)s;dl wofxl passing into lignite ; much re.sembles the preceding. 



I. 

n. 

nr, 1 

1 


Crodo 

I’ln-n 

Volatile 

IMirt 

Cnulc 

Pure 

Volatile 

port 

Crude 

Pure 

Volatile 

port 

Carbon . 
Hydrngcii 
Oxygon . 

.\sli 

8-27 

55-30 

3-00 

17*41 

15*06 

72-98 

4-04 

22-98 

25-78 

n-09 

63-13 

1-00 

55-26 

4-26 

18-78 

20-70 

70-57 

5-44 

23-99 

13-91 

10-37 

46-72 

7*82 

56-68 

4-15 

24-65 

6-70 

G6-31 

4-85 

28-84 

36-75 

9-)0 

54-15 


100 

100 

100 

100 

100 

1 

100 

100 

100 

100 

■ 1 1 

Heat-units 

Ilcat. of combustion observed , 6483 
l,y Duloiig’ej g296 

• 

1 

Heat-units 
. 7363 

. 6533 

• 

\ 

Hu.'it-units 
. 6991 

. 5782 

•Sum of heats of combustion of i 
dements . . . , j 

7270 

• 


7551 


• 

7006 ! 
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The heat of combustion is in all cases less than the sum of the heats ctf ^inbuatioii 
o£ the elements, carbon and liydrogerl. In this respect the lignites nre distinguished 
from coal, which always gives n calorific power Renter than that of. the carbon and 
h^dre^n. It is impossiblo, therefore, to judge of' the value of a combustible (tf this 
kind from its elementary com]position. 

A lignite from Vcscovado in the province of Sienna, Italy, was found by £« Kopp 
{Mouiteur Scieiiti/iqucj 1870, 58) to contain 26*48 p.c. roliitilo combustible matter 
46*62 non-volatile combufctiblo matter, 21*80 'water, and 9*20 ash. By coking ia a 
retort it yielded 51*72 p.c. of coke. It contained 1*86 p.c. sulphur. 

Action of Alkalis on Lignite, — Lignite from Traunthal fused 'with three times its 
'weight of caustic potash yields a crystalline sublimate of pyrocatochin ; but this 
product is not obtained if the lignite has been previously exhausted with other : henco 
it appears that the pyrocatechin^ ia formed from the bitumen of the lignite. Pyro- 
catoehin ie likewise obtained from other lignites, but only from those which exhibit a 
distinct ligneous structure. liignites of the older formations do not yield it, and coal is 
not acted upon at all by fusion with alkalis (Schinucrer and Morawski, Dmt. Chem, 
Ges. Her, v. 186). 

On the Gases enclosed in Lignite, see CoAt< (p. 361). 

On the Transformation of Old Timbering into Lignite in the rubbish of the Doro- 
thea Mine, at Claustluil in the Upper Harz, see Hirschwald (Jahrb. f, Mineralogie, 
1874, 204 ; Chem, Soc, J, [2] xii. 670). 

On a Saccharine Exudation from the Loaves of a Lime-troe, see 

SIanma. 

&ZQUXaDfla On the Constitution of Liquids, see Ilandl ( JVicn, Akad, Aiurcigc, 
1872. 88; Chem, Centr, 1872, 433). 

On the Distillation and Boiling Points of Liquids, see Distillation (pp. 436-438). 

On the Capillarity-Constants and Surfaco-toiisiun of Liquids, and the ^Spreading uf 
one Liquid on the Surface of Another, see Capillarity (pp. 240-240). 

8^'^ Gravity of Liquids. — An exact and easy niotliod of determining the 
■peciiic gravity of liquids is given by H. Sprengol {Chem, Soc, J, [2], xi. 677). The 


Fio. 22. 


Fio. 23. 



eiongatua u-tubc(tig. 22), tno open enaAorirnicn 

in two capillary tubes, which are lientat right angles in qppqwito directions* The wp 
and freight of the instrument must be adapted to the size and OapabUity 
in which it is to be weighed. As tlio ordinary balances indicate ^ 
loi^ed with 60 grams, the U-tube, when charged with the liquid roOiU^ 
this Weight (1,000 grains ■■ 64,709 grams). Aii instrument by, ^ 

had a lonirth of 17*7 cm. (7 inches), and 'wns made of a glMi* tubsi the 
of which was 11 mm. of an inch). The U-shape is coiiijs.h 
of presenting snmee, and so rendering the 

temperature. An; important point is the different- j^bre of thef tWO tOriWa 
Tlie shorter one is agOod deal narrower (at least 
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one the diameter of vliich is about ^ mm. Tlie horlzonlal part of this 'vnder 
hibe is marked ntar the bend with a deliciite line (5). This lino and the extremity of 
the opposite capitlaiy tube (a) are the marks which limit the yolumo of the liquid to 
bo Tcoighed. 

Xho filling of the instrument is easily effected by suction, the little bulb appa- 
ratus (as represented in fig. 23) haying previously been attached to tlio narrow 
capillary tube by means of a perforated stopper, i.e. a bit of an iiidia-nibbcr tube 
fitting the conical tubulus of the bulb. On dipping the wider and longer 
capillary tube into a liquid, suction applied to the open und of the india-rubber tube 
will produce a partial vacuum in the apparatus, causing the liquid to oftter the U-tube. 
As this partial vacuum maintains itself for some time (on account of the bulb, which 
iuts ns an air-chamber^, it is not necessary to continue tlio suction if the end of the 
india-rubber tube be timely closed by compression between the fingers. When bulb 
and U-tube hjivo about equal cajpacity, it is hardly necessary to repeat the exhaustion 
nioro than once during the filling. Without such a bulb the tilling of the U-tube 
through these fine capillary tubes is somewhat tiresome. The emptying of the 
U-tubo is effected by reversing the action and so compressing the air. 

After the U-tube has been filled, it is detached from the bulb, placed in water of the 
tftaadard temperature almost up to the bends in the capillary tubes, left there until it 
has assumed this temperature, and, after a careful adjustment of the volume, it is 
taken out, dried, and weighed. 

Fai'ticulnr care must be taken to ensure tlie correctness of the standard temperature, 

a mistake of O'l^ causes the weight of 10 c.c. of water to be estimated either too 
hi;;h or too low by 0‘14 milligram, giving riso to an error in the 6th decimal, or 
imiking 100,000 parts 100,001-4 i>a.rts. 

A peculiar feature of the instrument is the ease and precision with which the 
inoasurenient of the liquid &in bo arljusted at the moment it has taken the standard 
tcmpcriituro, the liquid expiinding und contracting only in the wider capillary tube, 
viz., ill tho direction of the least resistance. The narrow capillary tube remains always 
coniplotoly filled. Supposing tho liquid reaches beyond the mark 6, it may bo reduced 
through capillary force by toucliing tho point a with a little roll of filter-paper. 
Supposing, however, that in so doing too much liquid is abstracted, capillary force will 
redress the fault if tho point a bo touched with a drop of the liquid under examination : 
for this gentle force acts instantly through the whole mass of the liquid, causing it to 
move forward again to tho mark or beyond it. 

As tho instrument itself possesses the properties of a delicate thermometer, tho time 
vliuii it has reached the standard temperature of the bath may be learned from tho 
stidnlity cf the thread of liquid inside tho wider capillary tube. The length of this 
thread romiiins constant after the lapse of about Jive minutes. . 

In wiping the instrument (after its removal from the bath) care should be taken 
not to touch the point a, as capillarity might extract some of the liquid ; otlierw'isu 
llio hnudling of tho instrument requires no especial precaution. 

The capillory tubes need not be closed for tho purpose of arresting evaporation, at 
least that of water. It' appears from tho menu of several determinations that tho 
error arising from this source amounts in one hour to milligram. 

If the temperature of the bnlaiico-room is high, and the expansion of tliQ liquid 
considerable, it may bo found necessary to put a small cap (beaa-shnpcd and open nt 
both cuds) over the extremity of the wider capillary tube, for tho purpose of retaining 
the liquid which, during tho time of w-eighing, might otherwise bo lost, owing to its 
expansion. Baising the standard temperature of Sic bath is another way of mdcting 
tMs inconvenience. When a cap is used, the wider capillary tube need not be longer 
than the narrow one. 

lor Marignac’s determinations of tho specific gravities and expansions of nqiioou-s 
Bolutioiis, seo Heat (pp. 602-604). 

latensivo Tables of tlio Specific Gravities of the Aqueous Solutions of various Salts 
274 308)^^^ Manufactures are given by Benno Frans (J, pr, Chtm. [2], v. 

Thomson’s determinations of tho Specific Gravities, Molecular Volumes, and 
Honts of Solutions, see Heat (pp. 606-600). For Mariguac’s determinations 

the Specific Heats of Solutions, pp. 600-602. 

Conduction of Heat in Stratified Liquids,* p. 640. 

fffldmiids under Btgk Preseu/rts, — The following detemiuatiousafo- 
hy CaJietct IxXT. 77) 


3c2 
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Density 

Tonipera- 

turo 

Cknnpmsibllity 

coizeapondlng 
to one atmo- 
sphere 

Total 

pmnrc 

.applied: 

-AAmosiftores 

Hislillod water deprived of air 

1000 

+ 8 

0*0004451 

705 

Carlion bisulphide . 

— 

+ 8 

00000080 

607 



f+ 9 

0-0000676 

174 

Alcohol 

0-868 


0*0000701 

306 



1 + 11 

0*0000727 

680 

Petroleum .... 

0*865 

+ 11 

0*0000828 

610 

Essence of petroleum 

0*720 

+ 10-5 

0-0000981 

630 

Ether 

— 

+ 10 

0*0001440 

630 

Sulphurous acid 

— 

-14 

0*0003014 

606 


These numbers are not corrected for the compression of the glass vessel, for tlie 
determination of -which, irader these high pressures, no method is known. 

Transpiration of Liquida, — Lowcnthal {Zeitachr. anal. Chem. x. 298) has made 
experiments on the capillary transpiration of corttiin liquids, by means of an appai-alus 
differing only in a few details from that used by Graham (iii. 722). The vessel con- 
taining condensed air has a capacity of not less than 1,600 c.c., and two capillary 
tubes are used, fitted with two stopcocks of exactly equal dimensions, so that two experi- 
ments may bo carried on simultaneously. Instead of phicing the tubes in water at a 
known temperature, Ldwenthal finds it easier to regulate the temperature of the room 
so that it shall bo maintained at a constant point during the experiments. The tubus 
used are of varying capacity, containing from 2*6 to 67 c.c., some of these having one 
hnd some two bulbs. The time which the liquid takes to pass through the capillary 
tube is noted by a method similar to that employed by Graham. 

Lowcnthal finds that the fatty oils used in the arts have very different rates of 
transpiration, and that this is also the case with milk, beer, -wine made from fruits, 
grapo-wino, and various other substances. This fact may perhaps be turned to prac- 
tical account in testing such compounds. 

The experiments show further tliat, for at least some liquids, there exists a relation 
between their respective diffiision and transpiration rates. Thus, Graham gives the 
diffusion of HCl solution to NaCl solution as 1 ; 0*7. Lowcnthal has found their rus- 
pectivo rates of transpiration to be as 1 : 0*732. In like manner the difiusion ofNaCl 
to sugar is as 2*33 : 7* their transpiration rates ns 2*33 : 6*83. 

XlTBZOVBOSITa (A. !E>enzel, J. pr. Cham. [2], iv. 363 ; Jahreab.f. Mineral^ie, 
1872, 210). This mineral, nearly allied to the cupriferous and cobaltiferous ores of 
manganese, contains 1*6 p.c. lithia. It is found, usually on quartz, in the beds of iron 
or© of the granite district near Schiieeberg, 8chwarzeiiberg, and Johanngeorgonstadt. 
The felspar of the granite, which is much weatlierod, contains a trace of lithium, 
recognisable by the spectroscope. The mica contains more of this motal. 

Lithiophorite is amorphous, occurs in compact, botiyoi'dal, and reniform masses, in 
flat ahelMike forms, and in pseudomorphs after calcspar. Hardness -8 ; sp. gr.- 
3-14..- 3*36. Colour, bluish-black; streak, brown-black. It gives off water when 
heated in a tube ; does not melt before the blowpipe, but colours the flame with car- 
mine-red. 

Two analyses, by 0. Winkler, of lithiophorite from Schneeboig, gave 


K“0 Ll®0 BaO ^ CoO NIO CnO MnO O Fe*0* Al"0* HH) X* 

OO 1‘23 2-78 2*42 174 66*12 10*28 1'48 10-64 12*64 — - W’®®* 

(2.) ' l‘«0 1-42 l-26'~0 e* 0-8Q 'o-9ff 49-87 7’77 2-43 IfrflS I«-42 8-08-100‘M. 

* Sand ; also traces of lime, and in (1.) of Uamuth oxide. 


P. V. Kobell has detected Hthio In the asbolans of Sayn, and of the iKW MiW 
Sisgen. 

SanraBIFM« This metal, like potissium and abdiumi dissolves an . 
liquid ammonia, and is left behind, with its original appeariheo and 
sating the liquid (Sec4ey,p. 60). ; ■ 

On Ihe Spectroscopic Character, of vfirioiis Lithium 
Cl. pr. Chem. [2], iiL 176 ; Chau. f?oc. J. [2J, ix. 312). > ■ ^ 
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Separatum of Lithium and 8odinm.-^T6 separate these metals, v. Kobell ( J] »r. 
Chvii>‘ [2ji 112) heats the mixed chlorides to iocipient fusion in a Mreighed platinum 
crucille ; then weighs the mixture, leaves it exposed for 24 hours to an atmosphere 
pji mois^t enough to act upon the sodium chloride, till the lithium chloride has absorbed 
^vatur; drenches the partly deliquesced mass with alcohol; decants carefhlly; repeats 
the washing and decantation a second time ; and weighs the residual sodium chloride, 
t xperimont on weighed quantities of the mixed chlorides showed that the method 
exact results. 

Lithiim Hydrate . — An aqueous solution of lithia evaporated in a vacuum yielded a 
bliglitly hygroscopic hydrate, liiHO.Il'-'O (Muretow, LmU Chem. Ges. Ber. v. 331). 

XOBARZe ACID- A rosinoid acid obtiiined from the lichen called Barmelia 
mixaiilis by Wnllroth/Zrf>ftfl;-*a adusta by Hoffmann. It is colourless, crystallises in wartv 
jiiiussfs made up of thin plate, and in its dt^rce of solubility in dilfereiit menstrua and 
in otlii-r of its properties, it resembles a crystalline resin. It is not affected by -prolonged 
exposure to ammonia gas, but dissolves in either aqueous or alcoholic ammonia, form- 
ing a colourless solution, which turns rose-red on exposure to the air, and dries up to 
nil aiiiorphoiis violet- brown mass, resembling in tint the thallus of the lichen which 
yields it. It dissolves in caustic potash xvith a pure yellow colour, which, on exposure 
iniil evaporation, changes like the ammonia-solution to rose-red and brown-violet. 
A^'lieii heated it fuses, evolves dense inflammable vapours, and chars. It has the 
composition expressed by the formula that of evernic acid being C”H**0'. 

Tile colour of tlio brown variety of Barmelia saxatilia may, perhaps, bo attribute 
to the presence of oxidation-products of tho potassium salt of lubaric acid. The colour 
is only supcrticial, and is produced by tho action of tlio potash derived from the 
vdiit heriiig of tho graiiito upon which the lichen grows (W. Kiiop, Chc'/u. Centr. 1872» 
172 ). 

LOXAO. This dye, also called Chinese green^ was originally imported from Glunn, 
hut has likewise been obtained from the berries of tho common buckthorn. In tho 
cniilo state it is a hike containing 25 p.c. of mineral matter. If left in contact with 
water for some days it ferments, and is partially reduced. Tho liquor is filtered, and 
the residue washed with cold water, and dissolved in warm water, which it colours 
rode] isli -violet. This solution, on exposure to air, throw's down a bluo precipitate, 
wiiich, though purer than tho original lokao, still leaves a, considerable ash oa ignition, 
rci'lui'tly pure lokao is obtained by agitating the crude green with solution of ammonia 
larlonato, filtering, precipitating with alcohol, washing, and drying at 100®. The 
l*rc)duct is bluo (confirming tho observ.ation of Persoz, that * Chinese green, when quite 
puro, is u blue’), and is a compound of ammonia with tho pure colouring matter 
{lohdhi), Tlic analysis of ainmonium-lokain gives numbers corresponding with the 
I'umula (N11^)-C*®II®*0”, Lokai'n may bo considered as a weak acid, and represent^ 
hy tho formula 

When aminonium-lokain is kept at 100® for some hours, it is transformed into an 
insoluble violet substance, which is also formed when cnido lokao is fermented with 
yenst, but is best obtained by treating ammonium-loka'in mth warm dilute sulphurio 
iidd, when it splits up into glucose (showing that lokam is n. glucosido), and an in- 
^■esiduo (tohaetin), the composition of which may be exprossed by the formula 
b ; and the contact of this substance with a trace of ammonium-carbonate, 
])rwlucos tlio violet before named (ammoniumdohaiftin). 

bokaetin, when heated with dilute nitric acid at 100®, splits up into oxalic acid and 
n Kuhstaneo giving an intense yellow coloration with alkali. Witli concentriited sul- 
P lunc acid lokaetin is changed into a eubstance giving a deep blue with weak alkali, 
formula is *.<?.. lokaetin minus 2H*0. 

of X/ohaOf fc:, in Bmng * — (1.) The liquor obtained by digesting crade< lokao 
water, and filtering, ayes cotton a pale green, but gives to wool and silk only a 
(l!7 f ^^u^^h-grey, similar to the tint of some silks d^ by the Chinese. (2.) The 
-'ll ^ ammoniiim-lokaetin may be fixed upon cotton without a mordant, also 
Jv" (3-) Ammonium-lokaotin, added toa bath of sodium thiosulphate, 

dyes cotton a very pure sky-blue, permanent in sunlight, and fiist 

i ^his name is given by C. Nollner (Munoh. Jead, Ber» 1870» 

BF* K mineral obtained by boring at Liineburg. . It contains — bMides 0*7 
thd ’ nt a red heat, and traces of salts from the neighbouring salt bed^ 

given under A, agreeing nearly with tho formula 72Mg0.ff O.P*0*) + 
80.B O") + 7H*0, which requires wo numbers B:— • 
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MgO r-O* B*0> B!K) 

A (found) . 2d'3 29*8 12*7 32*2 m 100 

B(cnlo.) . 25*10 20*83 14*32 30*25 100 


Tho lumu composition was oxliibitod by gomo crystals deposited ftom the motbep. 
liquors of soa-water, the source of whicliis not given (Noilneri /akrbuck f, Mneralogie 


liirpxirs. The generaVcomposition of yellow and blue lupine-soed is as under :• 


Yellow' 

lupine 

Water . , . , , . . 10*4 

Albuminouls 37*5 

Noii-nitrogonoiis extractive matter . . 27*8 

Fat 4*4 

Crude flbpc. ] (P4 

Ash 4*0 


Bine 

lupine 

13*2 

22'a 

43*8 

5-6 

12*2 

3-2 


1000 


100*0 


As liipino-sood is rich in nutritive matter, and can, moroovor, bo grown on a poor 
soil, it would be of great value ns feeding material but for the bitter principle (tho 
volatile alkaloid) which it contains. The prosenco of tliis substance renders lupino- 
seed distasteful and injurious to animals, ospoeially to pigs; sheep are but little nifcc- 
ted by it. Tho liliie lupine-seed is more objectionable than tho yellow.. Tho amount 
of alkaloid present varies a good deal. Tho alkaloid may be more or less removed by 
baking tlio seed in an oven or kiln; or by steeping in water and washing; or by treat- 
ment w'ith dihito hydrochloric acid, washing, and then boiling with a little sodium 
carbonate (H. Settegast^ d. LandwiHhscha/i, Wochenhlatt, June 7, 1871). 

Yellow lupiue-sced has been furtlier examined by A. Beyer {LandwirthachaftlicU 
VeTSUcha^Stutiomnt xiv. ICl). Ho finds that a section of the moist seed is strongly 
acid to litmus-paper, and that tho seed contains citric acid. Bitthauson {J, pr. Chew, 
[2], ii. 339) found malic and oxalic acids. 

J^ypr also found a viscid substance, soluble in alcohol, but did not succeeil in ob- 
taining it ptiro. 

TJio seed contains two fats : a fluid fat extracted by cold ether, and a solid fat 
obtained by treatment with hot alcohol after the extraction by ether. Tho percentage 
composition of the fluid fat, when purified, is 75*7 C., 11*35 IL, 0*098 F., 12*852 0. ; 
whilo that of the solid fat is 72*68 C., 10*84 H., 1*56 F., 14*92 0. The amount of 
phosphorus in tho solid fat ('quito freo from adhering phosphates) is remarkable, 
knop found 1*25 p.c. of phosphorus in a fat from a sugar-pea. 

The alkaloids of hipinc-soed are best extracted by means of alcohol containing 
hydrochloric acid ; when isolated they are found to be fluid bodies resembling conine. 
Beyer separates tho alkaloids by tho difibront solubility of their platinum salts. The 

g itinum salt, insoluble in alcohol and in cold water, has tho formula C''H**K*D*Ci*. 

CJi* ; tho more soluble platinum salt has the formula C*®H^"N*O^Cl*.FtCK The 
Boliible platinum suit corresponds with an alkaloid soluble in water, and versa, ^ 
Siowert has sopiirated the two alkaloids by distillation. The one distilling at 216 
corresponds with the insoluble platinum salt; that distilling at 261^ with the soluble. 
Siewerb^s formula for tho alkaloids are in each case less, by a molecule of w&ter, than 
those deduced from the above platinum salts. 

. SLVTBZO AOZDa A yellow colouring matter prepared from the fioirori of 

Euphorbia Cyparissias 

XiimiN* This name is given by Thudichum (Pw. Boy, Soe, xvii. 
yellow substance obtaiined by Ficcoli and Liebenfrom the ovaiy qf the now, and eaUW 
by them'hamolutem {Ist SuppL 497). 

BQTaAOOBAVrzo OB&OXXaa. See CkwALX-BASIi^ Aiocomcit:^ 

' BVnsnra. This base hn8lMenf(>und,tQgeUiw\rithMriHa} <>fi^ )>*fWW!li^ 
in tobacco-smoke (see Tobacco). 

ftTCOOTONXm. See Aconitk AjiXALocds (p. 24), 
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jlOUiOVBBITBi Crystals of mngnesito from Mnriazoll in Styrin, eomo colourless, 
otlici’S broM'nish, exhibit, according to J. Kumpf (Jakrhuch.J\ Mhicraloffir, 1870, 836) 
thoformOR, ooP2. 

Abigncsites (rt) from IVIahronhcrg in Styria, sp. gr. 2 091-2-991; (b) from Frankcii- 
ftiiiri 111 Silesia, sp. gr. 2*090, haro been analysed by II. Schwarz {Dingl. pol. J, 
cxcviii. lo4), with tho following results ; — 

MgCO* CiiCo'* • FeCO^ InsoJ. 

92*32 3*33 370 O' 14 » 100 

98*47 traeo trace 1*53 100 

A ferruginous magnesite from the north bank of tho Schuykill river, between Phila- 

delphia iind Montgomery county, Ponnsylvania, consists, iwcording to Leeds (Ckcm, 
Aciffl, xxii. 173)1 of: — 

JTpO FcO C?.aO TO* 

38*43 10-39 3*29 47-96 * 100*07 

MAOSBTBSXiniK. Seimmiion from the Alkali^metah. — Tho following method is 
pivon by H. iScheeror {,]. pr. Ckem. [2], iii. 4761). Evaporate the liydi;^‘hloric acid 
solution of tlio inetJils nearly to dryness in a platinum crucible ; add ammonium oxn- 
l.ito; dry, heat gently, then to full redness; treat the residue with wnter, boil and 
liltor. Msignesium carbonate is then found on tho filter, potassium aud sodium car- 
lionutcs in tho filtrate. This mothofl is said to jdeld goo<l results. If, however, tho 
Motals are present wholly or partly as sulphates, these salts must first bo converted 
into chlorides by treatment with barium chloride. 

Separaiion from Ahminium , — ^AVhen a solution containing alumina and muguesia, 
together with a largo quantity of sal-ammoniac, is boiled with excess of ammonia till 
all tho nnnnoiiia is driven off, alumina is tlirown down almost froo from magnesia. 
If. liowcvcr, sulphuric acid is present, tho <|iiantity of magiieBin precipitated, together 
with alumi]iii, is greater than when tluit acid is absent. The quantity of magnesia in 
tho precipitate likowi.se increases when the amm<mia is added quickljr and in excess, 
infitoiid of being added in drops and with stirring. In solutions containing sulphuric 
acid, rapid addition of ammonia loads to the precipitation of 2 mol. magnesia with 
wicli molecule of alumina, whereas, -when the ammonia is gradually added, tho pro- 
cipitato contains only 1-2 p.c, magnesia (S. Wrinkles, Cham, NewSj xxii. 4), 

0xyc7tloridcs--^oTd found that a mixture of strongly heated Magnesia usia with a 
concentrated solution of magnesium chloride drios up in a few hours to a hard mass, 
apparently of oxychloriilo, which resists tho action of water (Isf Suppf, 796). Tho 
products thus fbrmod liave been moro exactly investigated by 0. Render Ck* 
I'harm, clix. 341), whose analysis of a sample prepared as above and liaraened bjs,: 
six months’ exposure t6 the air, gave numbors which rendered it probable that thb 
product consisted of a mixture of magnesium carbonate, MgCO*, with the compound 
MgCl^.SMgO. 1711*0 (a). By drying over sulphuric acid, it was converted iftta HgGl*. 
5Mg0.14ll*0 ; by drying at 100® into MgCl*.5Mg0.8H*0 ; and at 130®-180® into 
^gCll,’)Mg0.6H*0. Tlieso facts soem to show that tho elements of tho chloride and 
oxide of magnesium have entered into moro intimate combination, inasmuch as mag* 
ncsium hydrate decomposes at 1 06®. When tho above-mentioned sample was treated 
mtli water, part of tlie magnesium chloride dissolved, while (together with magnesium 
carbonate) the compound MgCl*.9Mg0.24H*0 ($) was formi^ from which, by heating 
to 100° and to 160®-180°, tho compounds MgCl*.9Mg0.16H*O and M^l*.9MgO. 
lOH-O were produced. By prolong^ treatment of the compound jS -with bmling 
^ator, the whole of tho magnesium chloride could be removed and tho residual 8ul> 
staiire then contiiined tho compound 2Mg0.3H*0{7)j from which, by drying at 160®- 
the compound 4Mg0.5£D!0 could bo obtained. 

file compounds a, j 3 , y — ^if tho materials Iiavo not been pulverised at the commence* 
iiient of the process — are compact solid bodies ; having thio hardness and tenacity of a 
ffofxl sandstone, a brilliant surfiice, and susc^tible of a high polish ; their cohesive 
is not destroyed by water either cold or hot. In this respect the compound 7 
losembles tho mineral brucito Mg(OH)*, the absence of crystallisation being probably 
‘itto to its rapid mode of formation. 

proximate constitution of Uiese 


, for the 

•ontmlae; 


compquu^ 0, Bender gives the following 
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a (doubled) 2(Mg01».M:gO) + 16H*0 + 4(2M^.8H»0] 
/3 (MgCl*.MgO) + 12H*0 + 4(2Mg0.3H*0 

7 2M80.SH*0 


The compounds dried at 100° and at 160°-180° are similarlv constituted. These 
formulae, however, are not intended to represent the piiascs of tlie suceessivo decom< 
position by cold aud hot water, as they would indicfite that the compound MgCP.MffO 
passes in each case into solution, which is not tlie case. 

The crystnllino deposit which frequently occurs in the solutions of magnesium salts 
mixed with snl-ammoniac (known in the laboratoiy as * magnesia mixture ’) consists 
acconling to J. Davis {CJumi, Newa^ xxv. 258), of the hydrated oxychloride 
6MgO + 13H-0 or Mg“Cl®0.H®0 + 4CMg0.3lI*0). By washing the crystals with li 
largo quantity of water, the whole of tlio chlorine may bo removed, and the oxychloride 
converted into u hydrated oxide. 


Coulomb’s law of Uio force with which two magnetic poles tend 
to move towards or away from ciich other, makes it possible to express the strength of 
niagnetie poles, and the intensity of nuignetic forces in gonorul, by reference to the 
fiiTulamciitnl units employed for the measurement of forces in niochanies. The law 
itself, which is that the muUml force (attjaction or repulsion) acting between two maq- 
uHic poles is proportUmal directly to the product of their stre^vgiha and inversely to the 
. sguare of the distance between ihem^ Ifuids at once to the following ns the definition of 
a iiiagiiotic pole of unit strength : the unit magnetic pole is such that the force ading 
Iwtweeu it and another ^ual pole at the unit distance ia unity. But the effects produced 
in any actuill case by a given magnet do not depend simply on the strength of its 
ix>1cs : for these, being necessarily equal and opposite, iicutmliso each other’s external 
action the more nearly the smaller the distance which separates them, and it ^vill be 
shown further on that the resultant force exerted by the two polos of a complete mag- 
net upon cacli pole of a second magnet is directly proportionate to the distance be- 
tween the poles of the first mnguet ns well as to their strength. Hence the true 
measure of the power of a complete magnet is obtained by multiplying together the 
strength of its poles and the distance between them. To this product the name mag- 
neiie moment has been given. In the case of a straight piece of steel, of great length 
in comparison with its widtli (such ns a piece of thin steel wire), whidi is uniformly 
im^netised in the direction of its length, the polos coincide sensibly with the. extreme 
points, fso that it would he possible to dctormiiio the distance between them by direct 
measurementt It would also be possible to ascertain approximately tbe^ strength of 
the Mies of such a magnet by means of the torsion-halanco (Magnutism, iii. 758), and 
so tne magnetic moment of the magnet could be calculated from its two factors. But 
in general, neither the position of the poles of a magnet nor their strongtli can l>e 
determined with anytJiing like accuracy hy n direct moasuromont. It was shown by 
Coulomb (iii. 760) how the moments of difTcrent magnets can be compared, but his 
method does not give an absolute measure of magnetic moments, since the quantity 
measured, namely, the moment of the couple reouired to deflect a magnet through a 
given angle from the magnetic meridian, dopends not only on the properties of the 
iKMgnet under examination, but also on the intensity of the horizontal com^nent of 
tha earth’s magnetic force (iii. 781), which varies with time and place. Hence, in 
order to be able to determine absolutely the magnetic moment of a ma^et, we^requiro 
either to hhvo sopio method of measurement whicli is not. affected by the earth’s map;- 
notic force, or wo must be able to ascertain the intensity of this force. The way m 
which this can be done was first ^inted out by Qauss, in 1832. The pbenomc-na 
which ho employed, as the basis of his system of measurement, wore (1) the oecilUtion 
of a magnet suspended so os to be free to vibrate in a horizontal plane, in ob^ence 
to the magnetic forces exerted upon it by the earth ; and (2) the deflection of a 
adon compass from the magnetic meridian caused by the same magnet^ when 
at a known distance from it, witli its axis perpendicular to the meridian. 
observations of these two phenomena, measures can bo obtained respectively we 

C duet of the earth’s magnetic intensity into the magnetic moment of th« majmet to 
examined, and of the ratio of the same quantities ; so that a combination of that 
sets of observations gives a value of each quantity separately. The general 
of the method are more precisely indicatoa in wliat follows. 

1. Determination of the product of the horieontal comp^ent qf the eari^^f 
intenaity into the magnetia moment of an artifieial magm ' 

If a ‘magnet is suspended in a horizontal plane by a i 
ri^dity, or on a point without sensible friction, it will be 
is in the magnetic meridian ; blit if displaced vexy slightly t 
perform isoehrondas oeeillations bariewards and fimards Mni ^0'^ 
other. The rate of oscillation under such circumstances will depend ' 
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iind dimensions of tho magnet, and upon the moment of tlie couple, which tends 
to le&toie the magnet to its position of equilibrium when it is turned from it 
through an angle of 00^, that is to say, when it is placed at right angles to tho in.ag- 
ni'tic moridiaii. The momeqt of tliis couple is evidently given by multiplying one of 
the equal but opposite parallel forces, whoso jH>iutB of application nro tho poles of the 
magnet, by tho distance between thoir linos of action — that is, by tho distance between 
tl:e polos. Again, these forces themselves depend conjointly upon the magnetic inten- 
sity of tlio earth at tho time and place of experiment, and upon the strength of tho 
peius of tho magnet ; that is, if F denote the force applied at either pole, H tho hori- 
zontal component of tho oarth’s force, and m tho strength of the poles of tho magnet, 
\vc hfivo — ■ 

F = Hw; 

and the moment of tho couple due to tlio forces + F and — F, acting at tho arm /,is 

(riven 1.1 V 

VI * Half = HM. 

vherc / denotes the distiinco between the poles and M (lie magnetic moment of tlie 
niiignct. The time in which tho magnet will make one whole oscillation of very small 
iiiiiplitiKle may then be represented by — 


-’‘J im- 


in which * stands for tlio * moment of inertia * of the magnet, or the mass which, 
pliU'fid at unit di.st’iiico fi*oiu the axis of suspeiLsioii, would otter tho same resist/ince to 
cliange of angular velocity about tliis axis Unit the magnet does. 

Ifiho magn(?t be a rcetinguhir prism of weight fe, ami be suspended with two of its 
faces, wlioso diagonals measure horizontal, we havo— 


3^ 

The observations belonging to this part of tho process consoquontly rcsolvo them- 
selves into a determination of tho time of ascillation of tho magnet and of its momont 
of inertia. When those are known, the A'aliie of the product to be mcasiirod is given 
I'V the equation — 


MH = 4,1*1 


( 1 ). 


Fig. 24. 


2. Ikteruiinaivm of the ratio of the magnetic moment of an artificial magftet to the 
hrisonUd component of the earth's magnetic intensitg. 

In order to explain the principle of this part of Urn process, it is convenient to con- 
iiidiT, tirst, tho action of an indelinitely small magnet upon an isolated magnetic polo 

in n known position relatively to 
it. Let AB bo an indefinitely 
small magnet and let there be at 
tho point 0 a magnetic pole of 
tho strength m'. Then if m re- 
presents the strength of Uie pole 
A, and r the distance AO, the 
force acting between A and 0 
will bo 



Let 0 be taken as the origin of 
rectangular co-ordinates, the axis 
of abscissae being taken parallel 
to AB'. Then tho force exerted 
between A and 0 may be re- 
solved into components X' and' 
■. Y' acting along the axes, which, 

Y [ nnd ;/ bo the co-ordinates of the point A, will have respectively the fallowing 
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I^milarly, the components of the force acting between B and O ndll be iVepressnted 
by — 

Vi* + 

“ {r^dry 


Y" = - 


(r T dry' 


where dx is the increment of ar iu passing from A to B and dr the corresponding in- 
crement of r. But Einco r® = x" -r y* and {r-^dry = (a' + fiT)- + y*, ami since also 

dx and dr are indefinitely small, wo got dr = £ tfr; hence — 

wni*(x-\-dx) . ^mm*a!^dx 

^ ^ 

Y- _ mmfi/ ^ mm‘y ^mnVxydx 

r® -f ^rxdx ^ ^ 

For the resultant forces acting along the two axes wo have consequently — 

X = X' + X- - - (l - 3 


and 


y S 3 Y' + Y" « 

r* * r ’ r ■ 


Putting 0 for the angle AOj, or for what is sensibly the same, namely, COr, wo 

liavo £■ == cos 6 and ^ « sin 0. 
r r 

■ Also mdx is the magnetic moment of the magnet AB, so that, if this be denoted by 
M, tho above values become — 

X = - (1 - 3 cos s«), 

r* 

y » 5^21 Kin e cos *. 

The total force exerted by the magnet AB upon tho pole at 0 is the resultant of tlioso 
two-; it may bo represented by — 

F _ - ^Vi + acos'T 

and it acts in such a direction that, if ^ be tho angle which it makes with tho axis 
of Xf — 

, Y 3 sin B, cos 3 

^ “ X ” 

From these values it is evident that tho compoorat Y vanishes whenever fl is 
equal either to 0® or to any whole number of right angles. For 6 = 0® or 180 , wo 
have— 

F, = 2 ^ " 0®.; 

V* 


For B = 90® or 270®, wo have — 

Fs at --p-» ^ 0 . 

The first of those special cases corresponds with the position A|B| of the magnet* and 
the second with the position AgB,. ■ . jg 

, If now, instead of a single magnetic pole, there is at O .a magnet whMe 
ah indefinitely small fraction of the distance r, its two polos will beacted ^ ^ 
but oppeieite, parallel forces, constituting a couple. When tho axis of th® y 

0 is. parallel to Oy, tho moment of tho coiiple tending to placp it paraUei W 

G, » 2 for tho position A,B, (fi =■ 0®), . 

O. - for the poKition AJ8, (» - 9Q«) J ^ 
wliere H' iti*V is the magnetic moment of the magnet at - 
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Jf however, the magnet at 0 is deflected through any angle, say a, from the direction 
bv the moments of the couples tending to incioaso the deflection will he obtained by 
niiiitiplying those values by coa a, Purthcr, if Oy be the direction of the earth's mag- 
netic meridian, the magnet at O, when deflected through the angle «, will be subject 
to a couple tending to bring it back to the meridian, the nionioiit of which is repro- 
sented by M'H sin o, where H stands for the horizontal eoinpouent of tlio earth’s 
magnetism. Consequent^, a magnet at O acted upon by the earth, will place itself so 
that for every position of the imignct AB, the two couples which upon it, namely, 
the (Kmplo tending to set it parallel to Ojt, and the couple tending to set it parallel to 
Oy, shall he of equal hut opposite moments. For the two special positions of the 
deticcting magnet already mentioned, the conditions of equilibrium will therefore be 


M'H sin a, (for the position A|B|), 
M'H sin CL, (for llie position A^Bj). 


ropresciited by ino equations — 
2»^cos.. 

,.3 

mr 


Denoting Ijigbo two X) 08 itions, for the sake of shortness, as the first position and 
^eeoml position rfspectivoly, we obuin the two following values of the ratio of M to II, 
namely 

I r* tun a, = -- (for position), 

H 

H tun a,j = (for the position). 


These expressions are rigorously true only when the magnets employed are indofi- 
uitcly small ; hut they are nearly true when the length of the m.-ignots is only a small 
fraction of r, the distance between them. The larger they are proportionately to r, 
the less iionrlyis the valiioof the product tan a constant; hut even when the length 
of the magnets is as much us a quarter of the distance between them, this product cau 
ho represented with considerable accuracy by a formula of two terms, of the following 
form 

tan a =a A + , 

r* 


Iforc A is evidently the value towards which r’ tan a approximates as r becomes 
greater ; that is A ^ or 


M 

2 according as tho deflecting magnet is placed in 
A il 

the second or in tho first position. It cannot be deduced from any single observation 
of the deflection of the magnet at 0, since tho quantity B, which occurs in the same 
equation, is also unknown. But by obsoi'ving the deflections corresponding with two 
(liflerent distances of tho deflecting magnet, two equations are obtained from which B 

can bo eliminated, and hence tho value of A or of tlio ratio can bo found. Thus, 

H 

suppose a and a' to bo the doflections observed when tho deflecting magnet is placed in 
Uu) first position at tho distances r and r' respectively; tho two observations givo tho 
‘‘‘luations ; — 


r* tan O) 
r'* tan « i = A. + ^ j 


^'hence wo obtain — 

M _ 1 A _ 1 r* tan ai - /* tan «| 

j - . 


(2).t 


By combining the value of tho ratio ^ tlius found with tho value of tho'correspond- 

* Or tan a = : the tact that when the sign of r is cbODged, the sign of the deflection, 

III?. 1“*^ n»mmitnde, ia’^anged aUo, shows that only odd powers of r can appear in tho rlffht-hantl 
a»pjiJber of this equation. 

tho-Tuhio of a, corresponding with each tbIuo of r, would bo dedneod from^i* 
(1) with the deflecting magnet ecut of the Suspended magnet, imd w ith ite 


w!?? ■* dcfloctlog magnet «rrt, north polo ue$t ; (8) deflecting i 

f»»- -5,*^ deflecting magnet iMst, north «isi. in tho second pMitlon of 
sith obwavationa would be made ; namely, " *** * 

“ “ ^ ww south of the snspended magnet. 


„„ , jting magnet vest, north pole 

he second position of tbs deflecting magnet, 
two with this magnet to the aoftt, and two 
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obtained by treatment 'with hot 'water and pressure. The albuminoids of the embryo 
re soluble, those of the endosperm insoluble. 

Hy extmctiiig maiste-flour with spirit of 80-85 p.c. at a temperature of 40°-60^, 
llitthauscn obtains about 6 p.c. of an albuminoid which he calls maize-fibrin, haring 
tho percentage com position — carbon, 54*60; hydrogen, 7*61; nitrogen, 16*58; sulphur, 
-69 ; utid oxygen, 21*53. It is similar in proportics to wheat-fibrin, but is not soluble 
ii:'(iiliito acetic acid ; the maizo-fibrin contains also 1 p.c. less nitrogen. By treatment 
Vith ^ p*c. caustic potash, after the exhaustion with spirit, an albuminoid similar to 
ftoiif^lutin is obtained, having the composition : carbon, 61*41 ; hydrogen, 7‘19 ; nitro- 
een” 1772 ; oxygen and sulphur, 23'88 {Jour^f. ^akt. Chem, cvi. 471). Garham’s 
/lein is apparently a mixture of fibrin and casein. 

The fat of maize resembles olive-oil.; its percentage composition, accQrding to 
Koiiig {Landw. Versuci^-Statiofienr idij. 241), is: carbon, 75*70; hydro|pmj 11*43; 
oxYuen, 12*78. According to Allemann it contains oleic, stearic, and palmitic acid. 

R. W. 

niAXDOinTB. This name is applied by G. Ulrich (SUL Am. J, [2], 1. 272) to 
native alloy of bismuth and gold occurring in the gold-bearing granite- veins at 
Xuggety Biff, Malden, Victoria, in small malleable spangles of flesh-rod colour, chaiig- 
ing to copper-red and black on exposure to the air. Cleavage parallel to ooOoo. 
Hardness, 1*5 to 2. 

MAUXe AOIB, This acid is formed when silver succinate mixed with 

sand is heated to a temperature somewhat above 108® : C^HbVg®0* = Ag® + 

A i>inall quantit}' of succinic acid is at the same time regenerated and a carbonaceous 
resiilue is left. (E. Bou^oin, CompL rend. Ixxii. 62). 

To explain tlio isomerism of maleic and fnmaric acids, both of which are converted 
into succinic acid by addition of hydrogen, it must bo assumed either that they are 
prdymorides, or that one of them contains carbon-atoms with free combining units : 
thus 

CH.CO*H — CH.CO»H 

ljH.CO»H — CH.C0=H 

To decide this question, Hiibncr a. Schreiber (Zeitschr. f. Ctma. |^2], vii. 712) have 
determined the vapour-densities of ethyl fumarate and maleic anhydride, both of which 
cflii easily be obUtined pure, and volatilise witliout decom [position. That of ethyl 
fumarate (determined in aniline vapour) was found to bo 85*2 to 86*6 (H-1); the 
(•alculatcd value for the formula C^IP(C-H*)*0* being 86 ; tliat of maleic anhydride 
was found to bo 47 to 49*13, the calculated value for C'H?0* being 49. Hence it 
follows that fumaric and maleic acid have the same molecular weight. 

MAUC AGZBf According to B6chaiiip (Cmnpt. rend. Ixx. 990) 

calcium inalato fermented with microzymo-chalk (Is^ Suppl. 614) yields alcohol, acetic,, 
propionic and butyric acids, and free hydrogen. 

On Adi'pomalic'Qcidy C*H*®0*, see p. 29. 

On tho Nitrine of Malic Ethers, boo HiTums. 

MAXiT. Malt is prepared by soaking l>orlcy in water for about 60 hpurs. The 
luirley is then thrown on a floor, and allowed to germinate, witli frequent turning, until 
the plumule has reached two-thirds tho length of tho grain ; the radicle is earlier 
ilcvclopod and attains a greater length. The malt is then dried in a kiln, and finally 
Bcrooned to remove the radicle and plumule, which constitute malt-dust. 100 parts m 
Iwrloy yieM about 80 of kiln-dried malt, and 2 or 3 parts of malt-du^. In the process 
‘>i Bojiking about j p.c. of Uio diy matter of the barley is removea, the loss being 
cinefly nitrogenous and cinereal matter. In germination a considerable amount of 
^^Kanic matter is lost by oxidation. The total loss in tho production of screened mnlt 
al)out 10 p.c. of the dzy matter of the barley ; but if the malt-dust is included 
in the product, the loss will ber a^ut 8 p.c. The loss is of course greater the further 
tt(innniaiion is allowed to advance. Malt of the same degree of d^ncss oonuiins loss 
nsn, iind generally rather loss nitrogen than the barley from which it was made, the 
OSS liilling most heavily upon these constituents ; if, however, the malt-dust is in- 
in the product, the loss chiefly falls on the non-nitre^nous oi]ganic matter. 

HU "^Jteration in general composition during malting is shown in the following 
gives tho percent^ composition of the perfectly dry gniin in various 
Res of the process, also the percentage of water in the natural condition. The 

q'^oted an taken from tlio Report of Mr. Lawos to flie Board of Trade, ‘ On 
relative Values of Unmalted nud Malted Barley as Food for Stock,’ 1866. 




The determination of sugar in malt is attended 'with considerable uncertainty; in the 
above analysis the powdered malt was stirred -with cold wutcr for several hours, and 
the sugar in the solution determined by fermentation and by copper. O’Sulimn 
informs the -writer that alcohol of 91 p.c. extracts 10-12 p.c. of solid matter from malt. 
This extract cliiedy consists of carbo-hydreates, but conbiiiis (by tlio copper test) only 
about l‘d of sugar reckoned as dextrose; the sugar is. however, neither dextrose nor 
maltose, and its uatiiro is not yet established. The cold water extract of malt amounts 
to 18-30 p.e.; it contains, according to O’Sullivan, both dextrin and maltose, tlio latter 
being formed by the action of soluble nitrogenous matter or the gelatinised starch of 
^e malt produced during kiln-drying; ungelatinised starch is not converted into sugar 
ill the cold by extract of malt ; tbo amount of gelatinised starch in malt varies, much 
according to the treatment of the kiln. G. Graham states {Jour, Soc, Arts, xzii. 251) 
tliat absolute alcohol extracts no sugar from mult, and alcohol of 80 p.c. very little. 
With alcohol of 80 p.c. 6*68 p.c. of sugar was in our experiment extracted, and nearly 
the same amount of sugar -was removed by 16 minutes extraction with cold water; 30 
minutes extraction with cold water gave 7*14 p.c. of sugar. As the sugar was deter- 
mined by copper, the latter weights should probably bo increased {vide infra). 

Malt contains about 4-7 p.c. of water. In the process of malting the sttirch has 
been partially destroyed and converted successively into soluble starch, dextrin, and 
sugar. Maltin, the soluble albuminoid which effects these changes, has been already 
described (ls< SuppL 801) ; ull soluble albuminoids possess this property to a greater 
or less extent, when extract of mtilt acts upon starch-paste the same changes occur, 
ochiodextrin (the dextrin not coloured by iodine) being produced, on which the further 
action of malt is but slow (Brucke, Wien, Acad, Bcr, Ixv. [S'), 126), and the final pro- 
duct is a sugar called maltose (iii. 799). Maltose has been recently shown by O’Snl- 
livan {Jour, Chem. Soc. 1872, 570), to be isomeric with cane-sugar; it reduces only 
65 p.c. as much cupric oxide as the same weight of glucose ; the latter fact explains 
the opinions hitherto hold (founded on experiments with cupric oxide) that two of 
glucose and one of dextrin were the final products of tho action of malt on starch. 
O’Sullivan confirms the statement of Dubrunfiiut that tho rotatory power of maltose is 
nearly three times 08 great as that of dextrose, being -i> 150. Maltose is readily soluble 
in 01 p.c. alcohol. 

From tlie great solvent action of malt on starch, it has been soggestod that mnlt 
would assist the digestion of animals ; the trials conducted by Mr. lAwes, ro&xred ^ 
above, have shown, however, that with healthy animals the addition of malt to their 
Testable food produces a less increase of weight than the addition of the quantity ^ 
barley to which the malt is equivalent. From an economical point of view malting le 
therefore undosirnblo for feeding purjiosos. 

Malt-dust is used for cattlo-fecding ; it will vary in ebmposition occoraing to W 
amount of growth attained ; it is remarkably rich in nitrogen and ash 
The ash is often contaminated with sand, but die pure ash is not less than 0 pC. 
following is tho mean of 11 analyses of malt-dust : 



Water 

AHmuil- 

noUa 

Fat 

Fibre 

OBirlw* 

hydmtoi? 


* Malt-dust . 

9*52 

23*65 

2-19 

12*51 
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Tho mean of two analyaea of the aah of malt-dust by J. 0. Lenner (Jahrh, Agri, 
Chun. 1866, 433) is as follows : 

van CaO MgO APO* Fe“0* P“0" B0“ Cl SiO» C0“ .iVsh p. c. 

2^77 2-65 3*54 3 44 *73 1*98 29*92 2*91 7-41 18*36 *91 6*6o 

I ornioi* {see above) states tliat lie lias detected 5n malt-diist, citric, malic, lactic, propi* 
oaic, acetic, formic, succinic, oxalic, and tannic acid ; also cholesterin and usparagin. 


nSAHDBlUC AOZBp This add, which has the constitution of phenyl- 

vOH 

i.lvcollicacid,CPIl^-Cll<" , is formed syntlietically by boiling the compound 

^ ^ ^*^00011 

of benzoic aldehyde and acid sodium sulphite for several hours with potassium cyanide 
and ulcohol, whoreby the nitril of mniidclic acid is produced — 


c“H^- cir^ 


,OIT 

--OSO^Na 


+ KCN = KNaSO* + C'lP 


— cii<r 


OH 

-cn’ 


then (listilliug off the alcohol, and decomposing the residual brown mass by boiling 
with water and hydrochloric acid. The acid liquid is evaporated to drj'ness, the 
nsidiio is rodissolved in water, and the solution saturated with barium carlionate.^ On 
evaporating the resulting solution of barium mandelato to dryness, washing the ^sidue 
with a mixture of alcohol and ether till it becomes white, and decomposing it with 
dilute sulphuric acid, a solution is obtained from which mandelic acid may be extrficted 
b}- ctlicr ; it may then be purified by recrystallisatiou from water (O. Muller, Deut, 
Chem. Ges. Bcr. iv. 980). 

MAMaASTBSE OUS. Tlio Manganese ores of Virginia imbedded in the 
I’otsdum sandstono yield by aiial^'sis, after being superficially separated from iiiti- 
iiiulcly admixed quartz and micaceous ochre : 

Mu“0" MnO Fe^O’ APO* CaO MgO 80=* .P"0» 6i0* H»0 

65*20 4*75 6*20 3*93 1*43 0*41 0*30 0*42 14*20 3*02 « 09*86. 

The micaceous ochro contains : 

Fc®0“ Mn*0“ Co“0“ P*0‘ H*0 Mien 

31*20 1*28 0*23 0*13 6*75 61*18 =« 09*77. 


The mica contains 34‘48 p.c. silica, 20*65 alumina, 2*99 magnesia, and 3*6 potash 
(J. E. Mills, American Chemist [2], ii. 49). 

On Manganese in Iron and, Steely see InoN, p. 601. 

Manganese in Ulood , — ^Manganese exists in ox-blood, in the corpuscles as well as in 
the serum, both of which also contain iron. The ash of the CQr|iu8cle8 contains larger 
<^]Uiintitios of those metals than that of the serum. The portion of the serum-ash 
'which i.s Kohiblo in water contains traces of iron, but no manganeso (G*. Gampani, 
Qa^zeiia ckimka italiana^ i. 469). 

Metallic Manganeae* A. Valenciennes {Compt, rcsid. Ixx. 907) prepares this 
mr-tiil by reducing the pure dioxide with charcoal m a crucible lined with magnesia. 
^Langiinose tliiis obtained is very hard and brittle, so tliat it easily splits under the 
liJimmer into fragments, wliich have the white colour of cast iron, but are c^uickly 
ill contact with the air. 

The smelting of manganese ores on the manufacturing scale has been studied by 
Jingo Tamm {Chenx. News, xxvi. Ill), whp has succeeded. in obtaining refined mknga- 
containing 99*9 p.c. of metal. 

Tlio following is an outline pf the process : — 

hlt^es . — Two fluxes are required. No. 1, or w*hite flux, is prepared by mixing 
ground glass 63 parts, quicklime 18 ^ parts, finor-spar 184 parts. It is a 
usibie flux, and is principally required for the preparation of No. 2, or green flux, 
bfoi is made by smelting together: — Flux No. 1, 34iinrts; lamp-black or 

J • <>4 parts ; manganese dioxide, of good quidity, 604 parts. The sing obbiined in 
, ® operation alone is required. It presents a fine green colour from the presence of 
nganates, and when once prepared may be used over and over again, provided the 
reduced is of tolendily gora quality. It requires from time to time the 
Ojtion of a little white flux to increase its fusibility. 

— 9“ ^-ocouiit of the high temperature required for the reduction _of inan- 
The difficulty was experienced in obtaining a crucible which would withstand 

a im molten flux, but it was finally overramo by lining the crucible with 

1 stc made by mixing 3 parts *ci£ plumbago and 1 part of loam or fire-clay with a 
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small quantity of water. This lining, which should not under any eixeamstaooeM ex- 
ceed half an inch in thickness, effectually protects the crucible. * 

Smelting the Ore. — ^Tho following proportions are recommended:— 

Manganese dioxide, of good qmUity . . . 1000 puts 

Lamp-black or soo^ „ „ 01 „ 

Green flux ........ 635 ,» 

Oil ill sufficient quantity to wet the mixture. 

The mixture is introduced into a crucible prepared ns above directed, and a coverof 
thick wood placed over it. The wood is carbonised during the smelting, and forms a 
charcoal cover which xu'otocts the mixture from oxidation. A clay cover is subse- 
quently luted over the whole. The crucible is then plact'd in a wind-fumaee, and 
slowly heated as long as fumes oscapo ; tho fire is then urged, and the crucible main- 
tained at a white heat for several hours, tho time actually required depending upon 
the quantity operated on. 

When cold, tho contents of tlie crucible are turned out, and tlie button of metal is 
detached from tho slag, and preserved in a wcll-closud bottle. 

defining. — ^Tho cast manganesO obtained by smelting an ore containing 79*5 p.c. 
of manganese peroxide was found to contain manganese 06*0, iron 1*06, with traces of 
carbon, silicon, and .other metals. It may be refined by rc-molting it in a close cru- 
cible, with one-eighth of its weight of m.anganeso carbonate. 

Refined manganese presented tho following composition : — 

SfanKancae Iron Silicon Csrbon 

09-01 0*05 0-015 0-025 » 100-36. 

Specific Gravity, — J. E. Longhton (CAem. jNsuw, xxv. 139) finds that metallic manga- 
nese of sp. gr. 7*84 prepared by heating the peroxide made up into balls with charcoal 
and oil, may bo rendered denser by repeated reheating with charcoal, its specific 
gravity being ultimately raised to 7'903 : hence he concludes that the low density of 
certain sx^odmens prepared by the older methods was due to tho presence of oxide. 
He did not succeed in prox)aring manganese of sp. gr. 8*015, as obtained by Deville. 

Beteotlon and Wattwiatton of Mongoneae. Fresonius {Zeittehr. anal. Ckm, 
xi. 113) has examined and compared the various methods used and proMsed for tho 
precipitation of manganese from solution. Known quantities of the metal were taken 
for each experiment, and the weight of the precipitate obtained was checked by deter- 
mining the quantity loft in the mother-liquor and wadi-watcrs. 

Guyard’s method of throwing down tho manganese as dioxide by addition of an ex- 
cess of x)otas8ium permanganate (la^ Suppl. 803) gave results considerably too high. 
IV. Gibbs’s method of precipitating by oxalic acid in presence of an excess of strong 
alcohol, and washing with nearly absolute alcohol, gave about 99 pc. of the manga- 
nese present, tho rest remaining in solution. 

Gibbs’s other plan of converting the manganese into phosphate of manganeso 
and ammonium by adding ammonia in excess to the boiling acid solution containing 
sodium phospliate, and then washing with boiling water, after keeping the whole 
for about an hour at the boiling point, gave very constant and correct results, especi- 
ally when cold water was used for washing and the quantity of the wash-water 
diminished as much as x>ossible by the use of the sucking filter. JHiD phosphate of 
manganese and ammonium js soluUo in 32,092 parts of cold, and in 20il22 parts of 
boiling water. The precipitate is ignited, and weighed as pyrophosphate. 

Precipifaiton of Manganous Sulphide. — ^The circumstances affecting the accuracy of 
this method were examined, with the following results:^!. A great excess of 
ammonia causes the results to come out a little too low. 2. Even a grant <» 
ammonium sulphide does no liarm. 3. Great excess of sal-ammoniac interfi^ 
slwhtlg with the precixntation. 4. Yellow ammonium sulphide is at lout ns- good as 
colourless. Tho presence of tartaric acid has no effect. 6* Citric acid almost sn- 
tirely prevents the precipitation of manganous sulphide. . V . - . - 

In estimating tho small quantities of xnanganese left in solntipn, it is enstoman^ 
drive off the excess of sal-ammoniac by heat, but Fresonius finds ^at the latter pooy 
carries with it a very considerable quantity of manganese. , Wset 

Hugo Tamm’s method of preci)pitatiiig with ammonium caphonato ghrCS 
results, very little affected by tho presence of sal-ammoniac even in litfgtf 
A. Classen (ibid, 870), from an examination of the eircnmstancM atton^^ 
cipitation of manganese by ammoninm sulphide firom stations containing 
niac and fjree ammonia, recommends that the ammonium si^^ids Urad 
tation should not contain firee ammonia, and that the numganssc sol^tioni^^ 
contain excess of sal-ammoniac or of ammonia, . . . * 

J. II. Talbutf*. (Deut. Chan, Ges. Ber, iv. 279) recommends ilie 
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ganato by ammonium sulphido from a boiling solution containing sal-ammoniac The 
precipitate, which is pulverulent and easy to wash, is dissolved in hydrochloric acid, and 

t!)o manganese estimated as pyrophosphate. 

According to E. Prior {Zeitschr. anal, Chtm, viii. 428) tiie precipitate formed in 
Bolutions of manganous salts, by the neutral and acid carbonates of the alkali-raetals 
consists of normal manganous carbonate, not of a basic carbonate. Even after the 
pi-ocipitate formed by sodium carbonate has been pai-tially oxidised by exposure to the 
air, it still (after deduction of the quantity of xnanganoso-maiiganic oxide equivalent 
to the quantity of chloride evolved on heating it with hydnmhloric acid) contains 
1 luol. MnO to 1 mol. CO». . ' 

I’or How’s observations on the influence of fixed organic acids on tho precipitation 
of juangancso by ammonium sulphido, see Ut Suppl. p. 803. 

T. M. Chatard (CAm. News. xxiv. 100) has applied Cnim’s method of testing for 
niaiiganoso with lead dioxide and nitric acid (iii. fiOC) to tho quantitative estimation 
of small quantities of manganese. Ho prepared a solution of ammonium oxalato of 
Biich a strongtli that 1 c.c. was equivalent to 0 0005467 gram of manganese. Ho then 
voighed out four portions of dolomite, dissolved tliem in nitric acid, added a iittile 
lead dioxido, and boiled, \i hereupon the rod colour of permanganic acid was developed 
Tho solution was passed through an asbestos filter by moans of a filter-pump, and 
Ihoii titrated with tho solution of ammonium oxalate : 


Griuna Cub. cen. Gram 

3'1300 dolomite required 39-0 = 0*0216 Mn 
2-781 33*2 « 0*0181 „ 

2*0998 „ 24*5 « 0*0134 „ 

1'8C71 „ ., 23*6 « 0*0128 „ 


p.o. 

» 0-069 
» 0*065 
» 0*063 
- 0*062 


Tho method yields good results only when tho quantity of manganese present is 
very small ; to largo quantltios it is nob applicable, because it then becomes impossible 
to convert the whole of the manganese present into permanganic acid, either by means 
of sulphuric acid, nitric acid, and load dioxido, or of sulphuric acid and lead dioxido 


On the EsUmaiion of Mangansse in Iron and Steel, see InoN, p. 690. 

O Manganese Dioxide,— IE. F. Teschemachcr and J. Denham 

Smith {Zeitschr. anal. Chenn. vii. 609) point out that the dJfibrencos in tho results of 
tho valuation of manganese dioxide by different methods arise from the presence of 
magnetic iron oxide. One of the harder varieties, for example, gave, by Frosonius a. 
Vills oxalic acid method (iii. 814), 71'0 p.c. MnO*, whereas, by titration with a 101 * 1*008 
BjJlt, It gave only 70*5 ii.c. ; but, after the iron oxide had been removed liy a magnet, 
1.10 first method gave 72*6, and tlio second 72*25 p.c. The examination of other 
samples of manganese dioxide showed that the 8trength..'of tho magnetic properties of 
nils substance always increases with its hardness ; and in the same proportion do the 
ui^Tcnces in tho results of tlio two methods increase. 

E. Scheerer and H. Humpf (Zeitsebr. anal. Chem, ix. 46) have subjected the several 
metnoua in use for tho valuation of manganese dioxido to a comparative examination. 

the experiments was an American sample which, when 
^itcd by Fresenius a. Will’s method, gavo 63*49 to 63*63 p.c. MnO*. Eight experi- 
ariH dissolving a weighed quantity of harpsichord-wire in hydrochloric 

w filled with carbonic anhydride, introducing tho manganese dioxido in a 

sab boiling till tho reaction was complete ; after which the excess of fenous 

^ hy titration with potassium chromate. The results varied between 

lieatorKlr p c. MnO. In tho next place weighed quantities of tho dioxide wore 

into With fhming hydrochloric acid, and tho evolved chloriuo was passed 

Cincri by Fenot’s method with arsenious acid gave, in seven 

^sults lying between 68*16 and 63*30 p.c. Throe experiments made 
Mohr’s method (the liberated iodine being estimated by 

then ^th sodium thiosulphate), gave 62*78 to 62*76 p.c. MnO*. It appears, 

tteniselw« lost methods give results which agree satisfactorily among 

Soheei-n*’ ^® commercial value of the sample. 

^'^ivoiis ' Humpf further observe that, in tho process depending on the oxidation of 
^r“®\^“accompo8ed manganese dioxide is often driven to tho surface of tho 
iitinri..* c® tJic ferrous salt. They further regard tlie use of ferrous 

* difficulty of feeping them free from ferric oxide 

an attemnf » ” * j ^^cwnce to the method or absorbing the chlorine by milk of lime^ 
whiob K without Buccess, to prevent the formation of calcium chlo- 

acid. by cooliitg the liquid with Glauber’s salt and liydx^lorio 

*®®®*““®“^ Bunsen’s iodometrio method os the most accu- 
Sun ®* ^ay think, however, that it is not advisable to use less than 
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hftlf a gram of dioxide in each experiment ; and they accordingly bring the Tesulfcioff 
solution of iodine in potassium iodide to 250° c.c., and titrate 50 c.c. of this solutiof 
They further point out that it is indispensably necessary to determine the iodine imnio- 
diatoly after uie evolution of chlorine, since, after a certain time, the results become 
alteroa by decomposition of hydriodic acid. The quantities of iodine found after the 
lapse of 24 hours represented 2 p.c. MnO* more than before. 

F. Mohr {Ztitschr, anal. Ghent, viii. 814) likeiviso regards the method of distilUns 
the manganese dioxide with hydrochloric acid, receiving the evolved chlorine in solu. 
tion of potassium iodide, and determining the liberated iodine by titration, as prefer, 
able to other metliods of estimation, inasmuch as it depends on the evolution of chlorino 
by the method actually employed in manufacturing operations. Ho titrates tlie iodine 
with a j^-solution of sodium thiosulphate. 

Freseuius {Zeitschr. anal. Chem. ix. 63) recommends that, in performing Bunsen's 
method of iodometric estimation, the peroxide to be valued should be mixed with 
magnesite, in order to produce a slow evolution of carbon dioxide, and thereby prevent 
the potassium iodide solution from being driven back into the generating flask. 

H. Luck {Zeitschr. a7iaL Chem. xi. 310) has examined the various disturbing in. 
fluBUces that may interfere with the results of Freseuius a. Will's method of mongtineso 
analysis. In the analysis of manganese dioxide containing ferrous oxide, by the iron 
method, and other methods in which the dioxide is directly acted on by hydrocliloric 
acid, the practical value of the sample is at once determined ; but in the oxalic acid 
process of Freseuius a. Will the presence of iron in the sample may cause the value 
given by the analysis to exceed the actuiil working value by a number proportional to 
the fractional amount of the ferrous oxido which, from various circumsUinees, luis 
escaped further oxidation. Hosults in accordance with thoso of otlier methods may, 
bowever, be obtained by adding to the liquid 6 to 8 c.c. of a solution of sodium acetate 
(1 : 9), inasmuch as, in presence oven of small quantities of acotic acid, tlio ferrous 
oxide is completely oxidised without the carrying forward of acetic acid vapours by 
the escaping carbon dioxide. In carrying out the process of Fresonius a. Will it is, 
however, necessary that the temperature be not allowed to rise above 70°, and that the 
apparatus, during and after the analysis, be protected from direct sunshine ; siuco, on 
the one hand, the mutual action of sulphuric acid, oxalic acid, ferric oxide, and a 
manganous salt, gives rise at 80°~82° to the ovolution of a small quantity of carbon 
dioxide, and, on the other hand, the formation of carbon dioxide, which takes place 
under certain circumstances, becomes much more considerable under the influence of 
.direct sunshine. 

On circumstances affecting the accuracy of Fresenius a. Will's oxalic method, see 
also J. Pattinson {Chem. News, xxi. 267) ; E. Scheerer {ibid. 284 ; Jahresb. f. Chem. 
1870, 991, 992). 


Alloys of MCsaigansse. Some of those alloys have been examined by F. Fenwick 
.Allen {Chem. News, iLS.ii. 194). They cannot well bo prepared from metallic man* 
ganese, on account of the difficulty of sopirating the metal from its compounds. To 
obtain a copper-alloy, a mixture of pure manganic oxide or manganous carbonate was 
fused with cupric oxido and charcoal in a plumbago crucible at the highest attainable 
tompezatuxf*. The alloy, which was afterwards found disseminated through the moss 
in grannlei, fused writh moderate facility. An alloy of 75 parts copper and 25 man- 
ganese was very hard and brittle while hot, but very clastic and easy to roll when 
cold. By the addition of zinc, an alloy was obtained resembling the inferior 
nickel-silver, and easy to work cither hot or cold. The experiments were repeated 


with similar results in a crucible capable of 
containing 5 to 30 p.c. manganese was more 


iundsofmetaL An aUoy 
., ductile, and tough ^ 


Mixed alloys of manganese with tin, lead, and other metals, ore “^011 adaptto 
lor tne journals of machinery. Such alloys cannot be prepared on the large 
plumbo^-cmcibles, as too mucli manganese passes into the slag, and the wear of ^ 
crhciblo is very considerable. They are best prepared in a Siemens* ftimace mtn 
reducing flame. 

A. B. V. Schrotter {JVien. Akad. Ber. [2te. Abth.] Ixiii. 451) that the 

largo scale was discovered in 1849 by w » ^ 


of preraring manganese alloys on tlie large f 


Ho&ath V, Gersdorff. Schrotter himBe& also prepared an alloy of 
copper by igniting manganoso-manganic oxide with cupric oxide and 
like manner, an alloy ofmangano.se, copper, and zinc, 

Bespecting the allOTs of manganese and iron (ferromanig^neM, I 
their use in the inanutactuie of steel, see Iron (p. 699). 

Wmcmw. cnilovlito, IbiCl*. Aeoordiiig to Etocka 
this salt exhibits remarkable changes of colour when its aqneous 
to certain degrees d concentration. On concentration itlbt 4 
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,Q0 100^ tbd ioltttion, which is at first colourless, becomes rose-coloured, aft^ 

vmids yellow, and finally, before crystallising, a splendid green. A solution of rose- 
coloiirod crystals of manganous chloride in 10 to 12 parts of water is colourless, either 

j,l or boiling. On evaporating on the water-bath, a little over 70®, and strongly con- 
ccatniting, the rose colour is developed and gradually increases in intensity, the maxi- 
niuia tint being attained when the solution contains about 16 p.c. of the salt. On 
I'urtlicr concentration the rose-tint passes into orange^ and at last, when the strength 
of 20 p-c. is attained, the colour becomes a clear yellow, like that of a solution of 
poUwsiuiii chromate. On cooling below 70° the rose-tint is regained. Crystallised 
iniingaiious chloride, dried at 100®, forms a clear green mass, not hygroscopic like the 
origiiial salt. This mass dissolves paHially in water, with liberation of heat, yielding 
a ml sulutioii. The undissolved portion is a white pulverulent basic salt, soluble in 
dilute acid (Krccko). 

According to K. J. !Bayer, on. the contrary {iJbid. 445), perfectly pure manganous 
cliloridc does not exhibit these remarkable changes of colour ; but if small quantities 
of fi!rrie dilorido or cobultous chloride bo previously added to the manganous solution, 
the changes of colour make their appearance during evaporation exactly in the manner 
(Iciicribed by Krecke. In tlie case of cobalt chloride the colour is so characteristic 
that it may serve very well for the detection of small quantities of cobalt in a concen- 
trated solution of manganous chloride. 

Kiycr remarks, also, that pure anhydrous manganous chloride is not g^en, but 
an easily fusible rod body, which solidifies, on cooling, to a beautiful crystalline mass, 
having a lustre like that of magnesium chloride. 

Oxides. Tlie oxides MuO^ and Mri‘0* are reduced to manganous oxide, MnO, by 
carbon monoxide at the temperature of molting zinc ; MnO^ suffers the same reduction 
even nt a heat just below redness (L. lloll, Chem. News, xxiii. 258). 

Pure luanganous oxide may bo prepared as follows: — A solution of potassium 
permanganate saturated at CO®, filtered through paper free from lime, is added to a 
tiatumted oxalic acid solution, and the liquid is decomposed with acetic acid and boil^. 
The precipitate is repeatedly washed with water by subsidence and decantation, dried 
in a platinum basin, ignited and reduced in a stream of pure dry hydrqgon. Thus 
pre^jared, manganous oxide has a light green colour, the solution in dilute hydrochloric 
acid being slightly brown (F. Kessler, J. pr. Chem. [2], vi. 1 72). 

Pyrolusito, MnO*, from Giessen, contains, according to an analysis by E. Stapff 
[Arch. Phawi. [2], cxliii. 194): — 

MriO» Fo"0« A1"0* OaO BnO MkO CoO 

94’32 1 98 0-66 1'97 0*43 0 065 trace » 09'425. 


Monganatea and Permanganates. Tho preparation of a number of tliese 
salts on tlio largo scale is described by E. Dosclabissac {Dingl. pol, J. cci. 58). c. 500 
11)6. of potash-ley (45® E.) and 100 lbs. potassium chlorate 01*0 evaporated down in an 
iron pot, 182 lbs. of finely pounded manganese dioxide are added, and tho mixture is 
heated till, it fhscs quietly. The mass, after being stirred till it is cold, is heated to 
rcdjiess in iron pots, and after again cooling is boiled out with water. 

h. A solution of 12 parts sodium hydrate (36 parts soda-ley of sp. gr, r337 and 34 
Pi^rts soda-ley of sp. gr. 1*365) is fused witli 12 parts potassium chlorate and 18 parts 
innngancso dioxide till the mass begins to crumble. The mixture is then heated to 
redness in an iron m^ting-pofct and after cooling exhausted with 200 to 220 parts of 
“ot water. 

^ c- Ten parts of caustic soda and 1 part potassium nitrate are fhsed together, and 


Bpijrta of strongly heated manganese dioxide are ^rown into the quietly fusing mass, 
fho fused mass in the crucible, as soon os it dissolves as completely as possiide in 



passed into tho aqueous solution, and the resulting liquid is used as a dis« 



tliat — mi. ® “ Boamm pernuingauaw, uy u. 

r The reaction is represented by tho equation — 

3Na*Mn0« + 2MgS0* + 2H»0 - Na*Mn«0*+2Na»S6* + 2MgH»0»+Mn0*. 
reference to this process, Dosclabissac observes that contact of air is essei^l to 
8*^ oxidation-products, the oxidising salts alone not Ipeing s^cient 
a ^nganeso dioxide a^ sodium nitrate heated tQMther to r^ness for 

uBioeiable time in the muffle of a stone-ware fhmace, and lixiviated with hot water 

8d2 
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AftM cooling, yield a eolntion which on cooling deposits Aearly colourless dystalB 
haying the composition Na*MnO* + 10H®O. These crystals in dissolving in water am 
partly decomposed and acquire a gfreen colour. 

Jkeomposition of Potassium Permanganate ly Sulfhufio iioiU— Spiess (j; pi*, 

J2], i. 421) ohservos that when pure sulphuric acid is poured upon this salt in the 
state of powder, violet vapours arc evolved which condense in the neck of the fladc to 
a brown-block sublimate, which turns bro\vn when treated with water and yields a 
solution containing sulphuric acid and manganous oxide, but no potash. Heat^ vitlt 
strong sulphuric acid it gives off gas, and yields a dark violet solution, which when 
dilfViBod in water assumes the colour of a manganous salt. Kolbe (iMd. 423) is 
of opinion that tJio sublimate obtained by Spioss was probably nothing but perman- 
ganic acid cohttiiniug a little sulphuric acid. He remarks also that Unverdotben 
{JPogg. Ann. vii. 822), by distilling potassium wrmanganato with sulphuric acid, ob- 
tained a red transparent gas which was qui^ly resolved into manganic oxide and 
oxygen {vide Fermanoanic Acid, iii. 819). 

Action of Reducing Agents. — According to Aschoff {J. Chem. Ixxxi. 20 ; Jahresb. 
1860, 167) a neutral solution of potassium pennangaiiato is coloured green by addition 
of caustic potash. Mohr, however {ZHtsekr. anal. Chem. ix. 43), has sliown that this 
effect is produced only when the ciiustic alkali contains organic mutter. A solution 
of the permanganate mixed with previously fused caustic soda may be heated to boil- 
ing without turning green. An alkaline solution of permanganate affords indeed an ex- 
tremely delicate test for the presence of organic matter and of reducing substances in 
general. Sugar, gum, paper, starch, and other organic bodies which do not act leiulily 
on permanganic acid in acid solution, instantly turn it green in presence of excess of 
alkali. The alkaline solution of permanganate is also a very delicate test for thiosul- 
phates (see further Jahresb. f. C^em. 1870, 833, 905). 


Maagaaoua Sulphide. According to F. Muck {Zeitscht. f. Chem. vi. 6) flosli- 
coloured manganous sulphide is not altered by heating to 140^-150^ for four or iivo 
hours in a sealed tube with water, hydrogen sulphide, and ammonia ; yellou ummo- 
Dium sulphide under the same circumstances completely converts it into groen man- 
ganese sulphide ; potassium polysiilphido forms a closely udhoring violet precipitate, 
but leaves the manganous sulphide otherwise unaltered ; caustic potash docomposos it, 
with formation of greyish- white manganous hydrate. Under ordinary pressure, water, 
ammonia and potassium polysulphido do not act upon manganous sulphide; _wLcn 
treated with a very Icarge quantity of ammonium sulphide it turns green, but it is not 
acted on by a small quantity of that reagent, and not oven when first warmed with a 
small quantity of it and then mixed with a large excess. Potash-ley docomposcB 
manganous sulphide oven in the cold, more quickly on warming, tlie sulphide not being 
reproduced ; on the otlicr hand, recently prepared manganous hydrate is but slowly 
converted into manganous sulphide by sodium sulphide, though easily by ajnn^oniuni 
sulphides. 

A. Wagner {pingLyd. excv. 532) has examined the behaviour of hydrogen sulphide 

towards manganese compounds, and the regonerability of man^nese stilpludo, witu 
wforenco to the use of manganese compounds for the purification of coal gas from 
hydrogen sulphide. A stream of hydrogen sulphide was passed for six 
air-dried manganous hydrate, whereupon the mass became very hoti and 1"® 
was exposed for a week to the action of the air. It was then found to contain 34*4 p. . 
Mn»0», 32-2 MnS, 15 MnSOS 23 p.c. sulphur soluble in carbon BwlpWo,™ 
water. Hence it appears that a week is not sufficient for the regeneration 
manganous sulphide. Moist carbon dioxide expels hydrogen sulphide from mangj 
sulphide; hydrogen sulphide, on the contrary, ticto but very slowl” '"“ffan-as 
bonate. Manganese dioxide tolerably free from iron deoompos6( 
completely; after the mass had been exposed to the air for a week, it 


tr^s of fiydrogen sulphide when treated with hydrochloric acii and then ^n 
only 6’1 p.c. free sulphur to 33*1 p.c. manganese ; only traces of the s^pW 
oxidised to sulphuric acid. Manganese dioxide, wliicb had been treated wu 
ftulphide, gave off that gas when carbon dioxide was passed over it, 
z^eneration, 6'0 p.c. sulphur to 29*9 p.c. Mn. 


R, MnCO*. (1.) A hi Air ealewm* 


MAWOAanBSB SPAS, 

mineral, rose-coloured, and 

Sussex Co., New Jersey, has boon analysed by W.T. „„ , . . 

(2.) Manguose-Bpar from Dietz in Nassau, forming a flesh-oolo^i 
on claj-aUite, by SUffia n, llndors {Arch, Pharm, [2], cxliii. 198)*^; 
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jffnCO* CaOO* FoCO* MgCO* CoCO* Inaolubte 

43-54 50-40 0*76 6‘69 — • O'OS - 100*47 

00-88 1-95 5-85 0*41 0‘91 _ » 100 

DIAMrOASnTB, ll*(Mn^)^*0*. On the isomorphism of this mineral -with chiyso- 
boi^ll, diaspora, and gothite, see p. 572. 

yfAW WlTg. C®ir'^0". Formation, — Linncmanu {Ann, Ch, Fhann, cxxih. 186) 
found that invert-sugar is converted by nascent h3-drogen (water and sodium amalgam) 
inlo mannite. Dewar {Phil, Mag, [4], xxxix. 345) confirms this statement, but con- 
siders that bhoro is no ground for supposing Uiat laerulose is the only kind of sugar that 
fan ho converted into mannite by addition of hydrogen. Jn no case is the conversion 
(if the sugar into mannite complete, a gummy uncrystalli sable substance being always 
foimed at the same time. Glucoso from honey also yields mannite when treated as 
oborc. Milk-sugar does not appear to be converted into dulcito under similar cir- 
cumstances. 

Optical Rotatory Power, — Maniiito has hitherto been classed among substances in- 
active to polarised light : for though many of its substitution-derivatives rotate 
plane of polarisation, this power had not been directly demonstrated for mannite 
itself. Bocontly, however, L. Yignon Chim. Phye, [6], ii. 433; Cornet, rend, 

hxvii. 1101) has established the existence of this power in mannite, by mixing its 
sjitiiratod solution with boric acid or boi-ax, and examining the action of the result- 
ing liquid on polarised light Doric acid indeed is known, from the researches of 
biot and Piisteiir, to possess the sinj^lar property of augmenting the rotatory power 
of tartaric and malic acids; and Vignon finds that it likewise increases the optical 
iiciivity of mannite to such an extent that a doxtrorotatoiy action can be clearly per- 
ceived, a mixture of tlie saturated solutions of mannite and boric acid producing in a 
iSuIoirs apparatus, with a tube 200 mm. long, a deviation of about 5 degrees. 

Oil evaporating tliis solution over tho water-bath, a viscid mass is obtained, which 
V'licQ trouteil with absolute alcohol, gradually changes to a white powder consisting of 
Tuaimito, again appearing inactive to polarised light, and the boric acid is found in 
tho alcoholic solution, with all its usual properties. It appears, therefore', that the 
boric acid has not entered into chemical combination with the mannite. On adding 
crystals of sodium carbonate to tlie mannito-boric solution, tho salt dissolves with 
cltm-esceneo and the dextrorotation increases to 20 degrees. A similar result is ob- 
l.-iiiiod on adding borax to' a saturated solution of mannite. 

Thc.so facts show that mannite possesses rotatory power. The IxHric acid and borax 
do not combine with it, but merely increase, by an action which is peculiar to them, 
tho dissymetry which pre-existed in the molecules of the mannite. It may, therefore, 
also he inferred that the rotatory power cxliibited by the others of mannite, pre-exists 
ill the mannite itself, and is not created by the act of etherification. 

Arsenic acid and its salts likewise increase the rotatory power of mannite, the in- 
cnase lieing progressive when tho mixture is left to itself. Thus a mixture of man- 
iii(« and arsenic acid which, immediately after solution, gave for tho yellow ray in a 
Ube 200 mm. long, ay = + 0*3924°, gave after 24 hours ay = 1*090°; and a 

Diixtiiro of mannite with potassium diarsenate exhibited tho following Variations of 
rotatory power-— 

Immediately after solution Oy » — 5‘25° 4 

After 24 hours • , a, » — 10-1783*^ 

„ 4 days . , , a — 10*82° 

„ 6 days • • , Oy ■» — 10-82° 

Pastour {Co7?ipt. rend. Ixkvii. 1182) reports that Bichat, by operating* with a tabs 
^ meters long, has obtained a direct demonstration of the rotatory power of mannite in 
aqueous solution. 

, Action of Water on Mannite at Different Mannite, heated with water 

m Bealcd tubes for three hours, undergoes no alteration below 280° ; but at that tem- 
peraturo it is converted into a viscid product which, when purified in the manner to 
? presently described, has tho composition of mannitic^ ethor, The 

P^uct gradually dejmsits a small quantity of a crystalline body which ]pro- 
i^ted in tho mixture; it is isomeric with mannitan, and is called, for distinction, 
'wannitone. . 

Mannite, heated with water to 287®, no longer yields maunitone, but only manni* 
, mannitic ether, and a small quantity of unaltered mannite. 

t mannitone, and mannitie ether, heated, together orsepaxately, with 

^ to 295°, axe completely transformed into mannitan (yignonji 
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Chloro- ud Sromo-DerlTatlTeB of aKatmite (G. Bouchardati CwmpU mi, 
Ixj^v. 1187; Ixzvi. 1850; Bull, Soe, Chim. [2], xix. 100). 

JDichloromannite, C''H*(0H)*C1*, is prepared by heating I part of mannito with 
6 parts of strong hydrochloric acid to 100®^ in a sealed tube for 6^10 hours. The 
product, dried over quick-limo and oil of vitriol for about a month, yields light yellow 
scales which, when dissolved in cold water and recrystallised, yield dichloromannite in 
monoclinic crystals- soluble in 22 parts of water at 14®. This compound is laevogyrate, 
its molccujar rotatory power for the yellow ray being —3*7®. The aqueous solution 
is neutral and tasteless, and is not precipitatod by silver nitrate. Dichloromannite is 
insoluble in absolute alcohol and in ether. It melts at 174®, being at the same time 
decomposed ; at a higher temperature it volatilises completely. Its Vapour burns with 
CTeen-edged flame. Boiling water, or concentrated solution of alkali, rapidly converts 
ft into monochloromannitan, thus: — 




- HCl = C*H" 


\ O' . 
I Cl 


just as.dichlorhydrin is converted into epichlorhydrin. 

Nitrosulphuiic acid converts dichloromannite into dichloro-tetranitromannite, 

insoluble in water, but soluble in boiling alcohol, separating 

from that solution, on cooling, in fine needle. This substance is not easily explosive, 
notwithstanding ita composition ; jt is, in fact, moro stable than dichloromannite. It 
melts at 146®. 

Dibromomannite, is prepared in a similar way to the analogous 

chlorine-oompoand, the mannito and hydrobromic acid being heated together for two 
hours only. Crystals appear after a considerable length of time, and aro purified by 
rapid solution in hot water and cooling. Dibromomannite is tasteless, scentless, in- 
soluble in cold water, alcohol, and ether, but soluble in warm water, and in concentrated 
hydrobromic add. It crystallises in small colourless plates, molting, with decompo- 
sition, at 178®. ^ . 

Nitrosulphuric acidcoiivertsdibromomannitointo dibromo-tctranitromanuito, 

, which ciystallisoS in long nocdlos, insoluble in water and in cold oloo- 


hoi, but soluble in tho latter when it Is heated. 

The compounds above described are isomeric with the dalcito-ethors (p. 441); they 
give similar reactions, with ono exception, viz., that when treated with alkaline 
hydrates, tho mannitic others furnish mannitan, whereas those of the dulcite scries 
3 ueld duldtan, which maybe recognised by converting it into mucicacid (Bouchardat). 

AcctO’Tnanniies (Schiitzenberger, Ann. Ch. Pharm. clx. 74). — IV^annito, heated in an 
open vessel with acetic anhydride containing 10-15 p.c. of acid, dissolves, and tho pm- 
duct, on cooling, beconios a mass of indistinctly-shaped crystals which, after soparauon 



position is that of a monoacctyl derivativo of di-mannitie anhydride, vifcf 

C»H»(C®H»0)0;». On saponification, tiiis body yields a faintly sweet substance 
apparently identical with mannitan. ' ^ * 

By tho further action of acetic anhydride a tiiick syriipis Obto^ned 
ment with wtVter, gives a precipitate crystallisablo from boiliBgrwater or alcohol ; 
is heMceto-mannite, C*H*(C*I1*0)*0* ; it melts at 100®, and becomes crystalline on 
cooling. It has no action on polarised light. ^ [According to Bouchardat it ™ 
dextrorotatory power, [a]y «= + 18®.] Ttio syrupy mother liquors of this compOM 
give on evaporation an extremely bitter substance easily soluble » watori 

and alcohol; it is dextrorotatory, [o] «* 22*6®; has the composition tri 

and appears to be identical witfi diacetomaonitan (compare SujpJ^* 806). 

0 ^ 1 0 "- 


mmsas. 


i. MatutUk Ethert 


-—This compound, the first anhydride of roannite, is formed, as 
by heating mannite with water to 280® for three honrs. On 
in water, filtering, evaporating to dijness, dissolving the residua in 
filtering, and again evaporatinA a viscid substance is obtained **^ 5^ 

deposits crystals. These may bo separated from time t<> rime by!i>i!»P^w 
alcohdl, which dissolves the viscid substance and leaves the crystals)' 
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month they cease to form. 'J^e viscid Amss is then redissolved in absolute alcohol; 
Uie liquid evaporated; the residue boiled for an instant with water; the resultii^ solu- 
tion filtered tnrouch animal charcoal and evaporated to dryness ; the residue washed, 
with cthor, and redissolvad in absolute alcohol ; the filtered solution once more evapo- 
rated to dryness ; and the residue dried at 120^ till it no longer loses weight. 

Mnnuitic ether thus obtained is a slightly yellowish mass, having the consistence 
of Liirpcntino, a bitter-sweet taste, very soluble in water and alcohol, insolnble in 
ether. It is Isevogyrato ; [a^y b _ It does not reduce potasslo-cupric solution 

or formont with yenst. It is not converted into mannito or mannitan by boiling for 
^ix linurs with dilute sulphuric acid or baryta-water. It unites with strong sulphuric 
jiciil, forming a sulphonic acid identical with that obtained from mannitan. With a 
uf sulphuric and nitric acids it forms a nitro-derivative analogous to nitro* 
n]:inniian. Heated with water in a scaled tubo for two hours it is completely tranrii- 
foriiicd into mannitan. 

All these reactions show that the compound in question is a true ether of mannite. 

2. Mannitan^ « C*H“0« — H=0. — ^This compound was discovered by 

HiTthoIot, who obtiiinod it by boiling* mannito with hydrochloric acid, and by the 
•inponification of mannitic ethers (iii. 825). Vignon {Ann, Chinu Pk^s. [5], ii. 468) 
prepares it by mixing pulverised mannito with half its weight of strong sulphuric acid, 
gradually heating the mixture, with constant stirring, to 125°, at which temperature 
it must be kept stationary. After about two horn's the mixture is gradually saturated 
with burlum carbonate, without allowing the temperature to full, as otherwise too 
]nuch siilphoinannitic acid w'ould be formed. After complete neutralisation the mass 
is left to cool and exhausted with absolute alcohol, the solution is filtered and ovapo- 
Tiited over the wator-bath, and the re.sidiie dried at 120°. 

The viscid product thus obtained is mannitan. Its formation is due to direct de- 
hycLratioii of the mannite, not to the previous formation of sulphomannitic acid and its 
subsequent docom]X)sition into sulphuric acid and mannitan. This is shown by the 
following facts. If barium sulphomannitato, prbpiirod by heating 1 mol. mannite with 
1 mol. sulphuric acid to 100°, saturating with barium .carbonate, filtering, and evapo- 
rating, bo heated to 125° for two or throe hours, it quickly acquires an acid reaction, 
and, if the mass bo then saturated with barium carbonate, it yields barium sulphate 
and mannitan; but if the sulphomannitate be heated to the same temperature, after 
being nnxed with excess of barium carbonate, so that the mixture remains constantly 
iiciitral, the sulpliuric acid being neutralised ns fast as it is set free, no mannitan is 
formed, the only products obtained being bariuni sulphate and mannito. It is clear, 
tliim, tliat the production of mannitan in tho former case arose from the action of the 
fre-o sulpliuric acid on tho mannite resulting from tho decomposition of the sulpho- 
nunTiitate. It may therefore be concluded that the formation of mannitan from man- 
uiio by tho action of sulphuric acid is an act of simple dehydration. 

Mannitan is a very ^dscous substance, liaving a saccharine, sligjitly caTtamclic taste ; 
vory i<uIublo in water and in absolute odcohol, insoluble in ether. Its molecular rota- 
tory power is [a]j, k + 36'5°. It does not reduce potossio-cupric tartrate or ferment 
in contact with yeast. It deliquesces when exposed to tho air, but is not converted 
into Diaiiiiito oven in tlio course of a montli. xfeitlier docs it yield any perceptible 
quaiuiiy of mannito when heated for some hours with dilute sulphuric acid or bor^ta- 
watcr. Wlien treated with a mixture of strong sulphuric and fuming nitric acfd| it is 
converted into nitromannitan. Heated with oxalic acid, it reacts like a polyatomic 
nlcohol, producing formic add and carbon dioxide. It unites with sulphuric acid, 
loniiing a conjugate acid, the barium salt of which is imci^staUisablo, easily decom^ 
posilUe, especially when heated, and very soluble in water. 

^ffroniannitan is prepared by gradually addinp; 1 part of mannitan to a mixture of 
10 parts strong sulphuric acid and 4^ parts fuming nitric* acid, keeping the mixture 
cool for a quarter of an hour, then pouring it into water, whereupon a copious white 
pi'ocipitate is formed, and a . l^wnish-yellow liquid resembling melted phospho^ 
gtadually fsiiis to tho bottom. This liquid is washed with water and digested wit^ 
clher, which dissolves the nitromannitan, ond the sohition' is evaporated at the ordi- 
Uiirj' tpmperature and further concentrated in a vacuum. 

^nitromannitan is insoluble in water, but soluble in alcohol and in ether. When 
26°^*^ u mixture of alcohol and ether it has a molecular rotatory power [a]y m 

it gives off nitrous vapours and an odour like that of etliyl nitrate; 
bon" ^ temperature the mass swells up and quickly takes fire, leaving a car- 
^^nacoous residue. It detonates violently under tho hammer. Ammonium sulphy- 
^°c°Qverts it into mannitan having the same rotatory power as the original 

^ho physical characters and detonating properties of nitromannitan ivnider it dJffi* 
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cult to ankl^ bnt Vignon, ftom analogy, andgns to it tbe fotmnla, OV(liO')> « 

/(OH)' 

. MtynMlJUiTmmnitani C*H>>C10* « G*H* 4 O , is formod by boiling diehloro- 

(Cl 

nannite ^Ui water or strong alkali (p. 774). It is a neutral, slightly bitter sub- 
stance, reiy soluble in water, alcohol and ether. Heated in a sealed tube with asatu- 
ratod solution of hydrobromic acid, it is converted into a ciystalline substance slightly 
soluble in cold water, which is probably bromochloromannito. With hydrochloric 
acid under the same conditions it is reconverted into dichloromannite. Cold nitrosul- 
pliuric acid converts it into a nitrochlorinated body insoluble in water, but soluble in 
ether and alcohol (Bouchardat). 


Mono droftumanniian, C'H"BrOS formod by boiling dibromomannito with * water, 
is a neutral, slightly bitter substance, soluble in all proportions in water, very soluble 
in alcohol and ether, molting at 100°. Its solution is not precipitated by silver nitrate. 
Long-continued boiling with water converts it into mannite (Bouchardat). 

3. Afanniionet — This body, isomeric with mannitan, separates spontane- 

ously firom the viscid mass obtained by heating mannite with water to 280°. It is 
very soluble in water but insoluble in absolute alcohol, by which property it is sepa- 
rated from mannitic ether. It may be purified by washing witli cold absolute alcohol, 
solution in water, and filtration, if necessary, through animal charcoal. The solution 
on evaporation deposits it in shining crystals. 

Mannitono has a bitter taste and docs not reduce potassio-cupiic solution. It is 
IssTOgyrate, [a], » — 25°. Its nitro-derivativo and other derivatives are identical 
with those of mannitan. It is converted into mannitan by heating wiUi water to 296° 
(Vignon). 


MAimfcBt The following iacts and consideratioDS are supplementaiy to the 
previous orticlo on this subject (vii. 828-861). 

The quantity of ammonia and nitric acid supplied to the soil by the annual rainfall 
has been carefully determined in several instances. Way analysed the ^rain-water col- 
lected at Bothamsted in 1855 and 1856 (Jour. Roy. Agri. Soc. xvii. 144, 620) ; the rain 
collected at nine of the German Experimental sUitions has also been analysed (iThAresA. 
Agri. Chem. 1866, 67; 1867} 58; 1868-69, 160). The following table gives all the 
results which extend over a whole year, calculated for an English acre. 


Nitrogen in Annual Rainfall per Acre. 



Balnfall, 

inches 

Ammonia 
per litre, 
milligrams 

Kitrlc Add 
per litre, 
mllUgnniB 

Total 
Nitrogen 
per acre, 
lbs. 

Bothamsted (Hertfordshire) . . 1855 

„ „ a 1866 

Kuschen (Posen) . • . 1864>65 

„ „ ... 1866-66 
Insiorbuig (near Konigshexg) . 1864-65 

1, ,, . 1865—66 

Dahme (Erandenhuig) . . 1865 

Bcgonwalde (near Stettin) . 1864-65 

„ „ • • 1865-66 

,, .... 1866-67 

Ida^lBibriexihutte (near Breslau) 1865^66 
„ .. 1866-67 

Proskau (Silesia) . ; . 1864-65 


1*07 

1*54 

-65 

-54 

-67 

-92 

1*72 

2*46 

2*28 

2*77 

2*60 

2*30 

900 

•46 
-46 
*62 
*62 
1*16 
1*90 
1*16 . 
3*10 
1*84 
217 
•73 
*46 
6*67 

6*63 
8*31 
1-86 
2*50 
5*49 
6*81 
6*66 
15*09 
' 10*88 
16-44 
11*82 
■ 11*68 
JJO‘91 

: Mean of all determinations • 

22*11 

'■El 

1-64 

0 ^ 9 ^ 


Boussingault found in the rain collected at Liobfrauenber^ an averam of 
gram of ammonia and -187 milligram of nitric -acid per litre. ^ 

cently found the total combined nitrogen in rain-water from Bothax^wo 
milligram per litre. 

If the above; analyses have all been made with equal acenraey, It 
amount of nft^en contained in rain varies much at diffsyottt : 

Boussingault and others hare shown that rain collected Ih toWOI 15 
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ammonia and nitric acid than rain collectod in eountiy places ; also that light showers 
are far more nitrogenous tlian long-continued heavy rain. 

Agricultural statistics plainly show that more nitrogen is obtained from the atmo- 
splicie in an ordinarv rotatjon than is on an average supplied by rain. If we take 
any vell-establishea rotation, on soil not deficient in cinereal plant-food, and com- 
pare the amount of nitrogen in the crops wiUi that supplied in the manure, we are 
forced to this conclusion. Whether this nitrogen is obtained from the air by the crops 
or by the soil, or if by crops, by which crops, are questions that are as yet very im- 
perfectly answered. 

The amount of ammonia in the atmosphere is, .iccording to Ville, about 1 part in 
50,000,000. In Boussingault's experiments, plants protected from rain, but allowed free 
access of air, assimilated only a very small qu.antily of nitrogen, the trace of ammonia 
in the air having no practical effect. Sachs, and latterly A. Mayer (Dcut Chem, Gta. 
Jkr. vi. UlO), and T. Sclildsing {(Jompt, rend, Ixxviii. 1700), have ^own plants in an 
.'itmusphoro artificially onriclied with ammonia ; under the.so circumstances nitrogen 
was assimilated ^ by tho plant, but even then not to an extent sufficient for normal 
growtli. Tho direct effect of tho combined nitrogon of the .‘itniosphere on tho nourish- 
ment of crops is probably therefore but small. Tho question whether plants can 
[isflirailato ^le free nitrogen of the atmosphere has been already referred to (iii. 
828). 

Various chemists hold that the soil obtains nitrogen from the atmosphere. Am- 
monia is possibly absorbed in small quantity by the humus, clay, and ferric oxide of 
tho soil. It hns also been argued that tho oxidation of organic matter in tho soil must 
be attended with tho formation of ozone, which, acting on the nitrogen of the air, may 
pi'orliico nitric acid. jBoussingault has, however, lately shown {^Compt, rend. Ixxvi. 22) 
that nitrification in a vegotable soil is attended with a loss and not a gain of nitrogen. 
Lastl}', P. Bolicrain has shown {livU, Soc. Chm. [2], xix. 538) that a mixture of glu- 
cose and caustic alkali exposed to puro nitrogen for some time m<ay absorb a portion of 
the gas even in tho cold, and tho absorption becomes distinct if tho temperature is 
raised; results less marked woro obtained with moist sawdust. Ho thinks that 
ammonia, is first produced, and then forms compounds similar to the glucose asoti of 
r. Tlienurd ; no proof of tho formation of ammonia is given. D6herain concludes 
that in tho lower lAyors of the soil, where little oxygen is present, tho decomposing 
vegetable matter absorbs nitrogen and thus enriches tho soil. 

Against thoso possible accumulations of nitrogen tho soil and plant has to be 
placed tho well-ascertained loss of nitric acid in drainage-water, witli other possible 
sources of loss tg be considered presently. 

The conditions which affect the agricultural statics of nitrogen are time both com- 
plicated and obscure. One set of facta — namely, tho amount of nitrogen obtainable in 
the form of crops from land rocoiving no nitrogenous manure — is being gradually as- 
certained at Hothnmstod. Mr. Lnwes has kindly furnished tho writer with tho fol- 
lowing figi^s, which represent approximately tho amount of nitrogen, in pounds per 
acre, contaiued in crops growing continuously on tho same land without nitrogenous 
uiauuru. In the rotation experiment the crops consist of turnips, barley, beans or 
clover, and wheat. The whole of the crops are removed from tlio land. 

Nitrogen removed in Crops grown withoiit NUrogenous Jfanure, 


Wheat, 20 years { without manure, and vrith purely cinereall 
„ \ vamite ...... S 

^Ats, 4 years, widiout manure, and with purely cinereal manure 
•oeans, 21 crope, without manuro ...... 

. )i with purely cinereal manuro 

-ueadow-grasB, 18 years, witliout manure 

T, , „ with purely cinereal manure • ; 

station, 20 years, without manure 

» „ with superphosphate tQ turnips only • 


Koture of Crop and Uonnfe 


Average Nitrogen 
removed in crop 
per aenper 

ffnnnm 



about 30 

n 


ex, Jl? figures must bo taken as simply representing tho present state of the 

thft la some cases the crops are slowly falling off, showing tbpt a. wt of 
^ nifcrqgea in the crop has been obtained from past accumnlatioDB in the soil; in 
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oth^r CAMS we have yet to learn whether the crops dimimeh, before we can safely con- 
clude that the whole amount of rntrogra in the pr<^uco is obtained from the atmo- 
sphere. The figures show that leguminous crops yield far more nitrogen than grami- 
naceous crops, even when nitrogenous manure hns been for many years withheld. The 
mixed herbage of meadow-grass stands much higher than the cereals as to the amount 
of nitrogen harvested each year, and where cinorcal manures are applied to the mea- 
dow the nitrogen annually removesd in the crop reaches the maximum point in the 
table. In the latter case the manure bus developed a very considerable growth of 
clover, which accounts in great measure for the high nitrogen obtained. ^This most 
interesting plot as yet shows no signs of falling off in its produce. 

The production of clover on meadow-land by cinereal manures containing potash is 
of considerable interest. In 1856, at the commencement of the grass experiments at 
Bothamsted, the herbngo appeared uniform upon all the plots ; various manuring hns, 
however, strikingly chaugod the character of the herbago. A senes of botanical 
analyses of the hay has been made, tho first only of urhicli hns been hitherto published 
{Jour, Boy. Agn. Soc. 1863) ; the following summnry of tho results for four of the 
principal plots has been kindly communicated by Messrs. Lawes and Gilbert. 

Percentage Botanical Composition of Meadow-Hag varioteslg Manured. 




18G2 



1867 



1872 


Ifanurlog 

Gram- 

Legnm- 

Other 

Grom- 

Lcgiun- 

Other 

Grnm- 

Lcgnm- 

Other 


Inacea* 

inoBce 

orders 

Innoeoe 

inosiG 

orders 

inaceic 

iiiosne 

orders 

No manure 

71-52 

716 

21-33 

62-27 

8-07 

29-66 

66-18 

0-58 

24-24 

Mixed cinereals 

64*65 

24-70 

10-65 

59-29 

12-60 

28-02 

48-82 

39-77 

11-41 

Ammonium salts 

86-32 

-12 

13-56 

71-85 

-34 

27-81 

84-70 

‘46 

14-84 

Mixed cinereals andl 

8859 

■13 

11 28 

77-06 

•16 

22-78 

92-19 

•02 

7-70 

ammonium salts i 









The cinereal manure supplies lime, nmgncsia, soda, phosphoric and sulphuric acids, 
besides potasli ; but where the potash only is omitted, the characteristic growth of 
clover ceases. It is seen that ammonia prevents tho growth of clover even when potash 
is present. • r x. 

In ordinary agriculturo, as is well known, a great part of tho constituents of the 
crops are returned to the land in tho form of farmyard-manure, while the remainder 
is lost by sides of produce. Tho average loss of ash-constituents, in an ordinary rota- 
tion, by the sale of corn and meat, has been already given in detail (seo previous article 
on Manure, iii. 832-842). To complete the subject- we proceed to fconsider the chem- 
ist^ of farmyard-manure. . ^ ^ p 

Farmyard -manure consists of llio solid and liquia excrements of tho stock of the 
farm, plus the straw used as litter. The value of the manure will depend gpwtly on 
the charactor of the animals contributing to it In the case of a working animal, as 
a horse or drciughf^ox, tho wholo of the nitrogen and ash^constituonts cmitaipea in the 
food will appear in the manuro. In the case of fattening animals, or “ ^*‘**?* 
ducing milk or wool, a p.nt of the nitrogen and ash-constituento of tho food will he 
retained by tho animal, and the manure will be of poorer quality. The quantity o 
‘ jaitrogon and osh-constituents contained in tho various animal products of a mrni, a 
opuBeqaently not recovered in the manure, will bo gathered firom tho following tahi . 
The composition of Uie fat ox, sheep, and pig is deduced from tho * 

Bothamsted, in which whole bodies of Animals were submitted to analysis. 


Composition of tho AiiinuA Exports from a 


Fat ox, 1,000 lbs. fasted livel 
wei^t . . - . . / 

Fat sheep, 1,000 lbs. fasted livel 
weight . . • . / 

Fat pig, 1,000. lbs. fasted live! 

Weigmt . . « ' . \ 

Milk, IfOOO'lbs. . . 

Wool (unWshed), 1000 lbs. 


Nitrogen 

I 

PhoBphoiic 

acid 

i • 

Potash 

Itw. 

Ibk 

Iha. 

23*18 

16 ' S 2 

1*84 

1060 

11-20 

1*69 

17*67 

602 

1*48 

6*26 

2-03 

1*80 

78*00 

1-00 ' 

40*00 


linis^ Jtoansds 
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The cbAracter of the food supplied to the farm^tock has, lioTrever, the ^atest 
iofluonco in detenuining tho quality of the manure ; the more nitrogenous iinu abun- 
dant is the diet^ the higher urill bo the quality of tho manure. A third element in 
detormining the cburacter of tho maiiuro is the nature and proportion of the litter 

^^lippo-sing tho quantity and kind of food and litter consumed on any farm to be 
IcQOWtt, it is possible to calculate pretty nearly what will be the quantity and compo- 
sition of tho firmyard-mnnure produced. Lawes and Gilbert have made such a cal- 
culation for a farm on tho ordinary four-course rotation, assuming that 1 cwt. of oil- 
cako per acre per annum is consumed by tho stock, and that the manure suffers no 
loss from drainage. The result they arrived at synthetically is given in the next table, 
vith an abstract of tho actual analyses of other chemists. 


Percentagt Composition of ordinary Farmyard-Manwro, 



Lnwca nod 
Gilbert 

Boussin- 

gault 

Yoolckor 

E.Wolir 

Anderson 


Calculated 
composition 
of frcsli dung 

Average 

composltiou 

Fresh 

dung 

Rotten 

dung 

Averngo 
com position 

Mean of 

8 samples 

Wilier 

7000 

79*30 

6617 

75*42 

75*00 

72-48 

Ovffinic matter . j 

27-23 

14*03 

28-24 

16-53 

18*09 

1394 

Asii . . . 1 

2-77 

6-67 

6*59 

8*05 

6*91 

13*58 

Putiisli . ^ . 

•53 



•67 

■40 

•68 

•32 

Phosplioric acid . 

■23 

— 

•31 

■46 

•32 

■31 

, ! 

i 

s i 

l! 

; 

•04 

•41 

*64 

■61 

■63 

•38 


L'lwes and Gilbert’s calculated composition for fresh dung is lower in total ash than 
tliR actual manure, us this aluiiys contains an admixture of sand and earth. Boussin- 
^ault’s results relate to a mixed manure from horses, oxen, and pigs, the decomposition 
of which was moderately advanced. Ho found wmter to vary from 77*8 to 80*4 p.c., 
and Ihc nitrogen in tho dry matter from 1*7 to 2*4 p.c. Tho fresh dung, analysed by 
Voelcker, was 14 days old ; it was the mixed produce of horses, cows, and pigs. The 
rotten dung was 6 months old, and of similar origin to tlio preceding. Anderson’s 
results, relating to the manure of Scotch farms, show great variation and low quality. 
Water ranged from 58‘64 to 83*02 ; organic matter from 7'24 to 21*68;, potash from 
■10 to -60 ; phosphoric acid from *09 to *62 ; nitrogen from *19 to *49 p.c. 

The composition of farmyard-manure is greatly dependent on the extent to which it 
lias suffc?rcd decomposition, and on tho losses of soluble matters which follow exposure 
to min. Permeiitsition speedily commences in fresh dung, and a great loss of organic 
matter soon takes place; but, except uqdcr the influence of rain, the loss of nitrogen is 
hut small. If the dung is exposed to tho influence of rain and drainage, tho loss of 
nitrogen and of .soluble osh-constitucnts will, on the other hand, bo very great. 

Voolckcr {Jour. Ayri. Soc. 1866, 191) has investigated the losses farmyard- 
manure suflors during keeping. A considerable bulk of the fresh manure mentioned 
in the preceding table was kept for one year under cover, a similar bulk was kept for 
tile Biimo time in a heap exposed to weather, and a third portion of tho manure was 
flprciul as in a yard. Under cover the organic matter fell in 6 months to 62 p.c., and 
12 months to 44 p.c. of the original quantity ; but tho nitrogen at the end of the 
your was still 90 p.c. of tho original ; tho manure at tho close of tho experiment con- 
taincfl only 41*6 p.c. of water. The same manure exposed to weather during 6 winter 
i>mnths of little rain, contained 69 p.c. of its original organic matter ; but at the end 
of the 12 months only 33 p.c. remained. The nitrogen was scarcely altered in tho 
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godiitm nitrate reodiee its mazimvni contents in. nitrates sliortlj after tlie spring 
Applicetion of the xn&nurei and. in the case of Heavy rain the amount thus lost 
is vecy considorablo.^ From the plot- -which has received farmyard-manure for many 
Yoars very little drainage-water is obtained, owing to the increased porosity of the soil, 
and it contains loss nitric acid than the drainage-waters from any of tho ammonia 
plots, the organic matter of tho dung evidently checking oxidation. Lawes and 
Gilbert calculate that every inch of rain that passes beyond the range of the roots en- 
tHils a loss of 2'20 lbs. of nitrogen per acre, if tho drainage-water contains 1 part of 
nitrogen per 100,000 ; and from tho evidence yielded by their drain-gaugo, they con- 
oludo that one-third of tho annual rainfall may pass below 40 inches, this drainage 
being chiefly confined to the winter months. It is quite evident then that a soil will 
lose a considerable amount of nitrogen by drainage. The great absorptive power of 
soil for ammonia was formerly thought to ensure the consorvation of nitrogen when 
applied in this form, but the ruadiiiess with which ammonia is oxidised into nitric acid 
ill an aerated soil destroys Uio safeguard just mentioned, and ammonium salts, like 
uitrutes, should not be applied to laud bill tho crop ciin mako speedy use of them. 

Besides loss of nitrogen in drainage- waters, sumo- is possibly lost by exhalation. 
Boussiiigault found that snow which had lain on a garden hod contained much more 
ammonia than tho snow collectod from the neighbouring terrace. A soil rich in 
organic matter may also ovolvo nitrogen in a free state. T. Schlocsing has shown 
(Co?npi. rend. Ixxvii. 203, 353) that a moist vegetable soil containing nitrates, if 
confined in a small quantity of air, first absorbs all tho oxygen, carbonic acid being 
produced; that tho nitrates are then reduced with formation of ammonia; and 
that filially a qiuintity of free nitrogen is evolved in excess of the nitrates origi- 
nally present, llie organic nitrogen of the soil evidently therefore suffering loSs. . 
Nitrogen is apparently ovblved in tho freo state during tlip decomposition of organic 
bodies only wlien oxygon has been admitted. Lawos, Gilbert, and Pugh obtained con- 
sidcrablo quantities of freo nitrogen from tho decomposition of moistened beans, &o., 
when oxygon was admitted, but tho gases evolved woro only carbonic acid and hydrogen 
when oxygen was excluded. 

Tho nitrogen of manure may also exist in the soil in a form unsuitablo for assimila- 
tion by tho plant and thus cease to ho effective. Nitric acid appears to bo pro-* 
eminently tho fonn in which nitrogen is most readily assimilated ^y plants. Whether 
ammonia is equally available soems open to doubt, sonio of tho German water-culture 
experiments exhibiting ammonia as far inferior, to nitric acid, while in other cases a 
normal growth was obtained when ammonia was tho only sourcoof nitrogen. The ex- 
periments of Cameron, Humpo, Wagner, and others have shown tteit urea, uric acid, hip- 
puric odd, glycocinc, and creatino are perfectly availablo forms of nitrogen to plants, 
aiidintlio cn.so at least of urea and creatino, tlioy aro taken up without decomposition, 
being easily detected in tho living plant. On tho other liand, tho nitrogenous humus 
bodies, which form tho bulk of tho nitrogenous matter in vegetable soils, aro clearly 
unable to supply nitrogen to plants (at least to cereals), a small quantity of a nitrate 
flu surpassing in its effects a Large quantity of nitrogenous peaty matter. By oxida- 
tion, and especially by treatment with lime, tho nitrogen of tho humus becomes, how- 
ever, slowly available. 

In the wheat-field at Bothamsted therb is considerable evidence that tho residues of 
mnmoniacal manuring speedily assume a form unavailable for succeeding crops of 
wheat Plots to which veiy large quantities of ammonium salts have been applied 
yield scarcely more produce than unmanurod soil as soon os fresh additions of am- 
monia cease ; yet analysis of tlio soil shows that a considerable accumulation of nitrogen 
has really t^en place. It has been shown' by P. Th6nard and others, that ammonia 
18 capable of combining with glucose and other vegetable substances at a high tem- 
perature, forming dark coloured nitrogenous bodies in which ammonia cannot be de- 
t%ted. Knop found that peat soils by long contact with ammonia absorbed consider- 
able quantities, and that after this absorption it could not be again recovered in the 
tonn of nitrogen by treatment with sodium hypochlorite. It soems possible that nitro- 
genous matters of a similar character may be formed in the soil by tho action of the 
“i^oma applied as manure on decaying vegetable substances. ‘ 

With regard to the osh-eonstituonts ci manure there can be little doubt that some of 
^Bpocially Dbosphoric acid, assume more or less insoluble fonns after lazing 
vitlithesoil, and cease to bo as available for the plant as a fresh application <« 
™ure. The Bothamsted eiporiments, however, plainly show that residues of due* 
mai manures aiu capable of producing a marked and long-continued efibet on succeed- 

J and that in the case of wheat, residues of phosbhateS aUmlu 
p?.? ®®ctivo than residues of ammonia. For details of these zesate SM lAveasaud 
®^<«menfca (Joar. Soy, Agn, 8oo, 1878, 821). ’ 

the oonsiderable abi^rptive povev of tml for phosphoric iteid and potash^ 
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residuea of thcae manures reiiiidn accumulated neai^ the V.rLIftk 

(Jour, Chem. Soc, 1872, 318, 837) has analysed some <¥f ^tb^oi||W l£a 
'wheat-field after 22 years' application of manure : he finds jUM&is'Ulatac^ of pho^ 
phoric acid and potash to be chiefly in the flnt'9ln<mes of soil, and none has appurenj^y 
passed below the second 8 inches. 


This name is given by Laspeyres (i/I jw. Chern, [2], v. 4701 to a 

hydrated sulphato-carbonate of lead found in the Mala-Calzetta mine, near Igleai^ ia 
Sardinia, where it occurs in small quantities in galena, together with ang^Qsite 
and cerussite (FbGO^), forming curvilaminar and crystalline masses, 'vHth oiia\^d|ih,. 
tinct cleavage-plane to whidi the acute bisectrix is perpendicular. The eleavagO 
the optical properties show that the mineral belongs to the rhombic or trimetrie systeut; 
Besides the principal cleavage, which yields lamellae with i^mantine lustre and New- 
tonian colour-rings, tlicro appear to be also indistinct directions of cleavage, ^he 
mineral is negatively uniaxial, with ve:^ small axial angle, and strong; ]tefraotil^ 
power, like all native load-salts ; the optic axes are more divergent for thd than' 
for the blue rays. Fracture, concho'idal or splintery. Hardness, 2*5 to 3; that 
between potash-mica and calcspar. Sp. gr. 6‘874. Somewhat brittle; colourhMit^« 
transparent to translucent. Lustre on tlie fractured surface, fattv-adamantiliiiS' 
that of cerussite. In physical properties, therefore, maxite closely resemblM^ lead- 
hillite (3rbCO».PbSO*). but it is distinguished from that mineral by containing Water. 
At 100® it gives off only trjices (0-009 p.c.) of hygroscopic water, the constitutional 
water requiring a heat of 250°-300® to expel it. The carbonic acid requires a stiU 
higher temperature, and is not completely expelled below a bright red heat. At the 
outer edge of an ordinary spirit-flame, maxite fuses quickly and quietly^ almost at 
easily as native sulphide of antimony ('which, ns v. Kobell has shown, is the meal;.; 
easily fusible of all minerals) to a bead of lead sulphate and oxide, which is red 
hot, then becomes yellow,, and, on cooling, crystalline and nearly white. pefavWtiiW. 
blowpipe it gives the ordinary reactions of lead, and when fused with sodium csrpiHi?* 
ate on charcoal, a strong hepatic reaction. ^ . 

Quantitative analysis gave results agreeing with the empirical formula, . ifixlvt 

i8T»bn. nco* 5SO*. ; 

"V 


6H*0 . 


. ^ 

Calcalatlon 

1-838 

AiuiyU. , 

i«6d 

ooo» . 


. 386 

8-081 

80»2 

6SO« . 

e 

. 400 

8-163 

8-140 

18PbO 

• 

. 4014 

81-018 

81-018 



4800 

100*000 

100*000 


From this may bo deduced the rational formula, 5PbSO*.OPbCO*.(4FbO,6H^ 
which is that of a molecular compound of 31 p.c. lead sulphate, 40 p.c. load carbom^ 
and 20 p.c. of a lead hydroxide not known in tlio separate state. . . . . — 

j^rtrand {Bull. Soc. Chim. [2], xix. 17 ; Ckem. J. [2], xi, 481) rejlrtWw 
not 08 a distinct mineral, but as loadhillito altered by the action df 
scribes a specimen of leadhillite from Iglcsios, in which the same alterati**^ 
place, but to a smaller extent than in the maxite described by Laspayji^Ar-T 
SQX4.BeB (p. 730). , ^ 

. Laspems, on the other hand {Jahrh.f. Mineralogies 1873, 292; 

. ai||. 1112;, points out that the difference of composition between maxil^ 
is too great to allow of their being regarded os identical, as, inoei^ W 

th« fbUowing comparison ; — 

" PbO 

81*012 
80*800 


Kaxite 

lioadhillite (&otch) 
Bifferenco i 




+ 1*112 - 8*868 


^ ^ese-ditihseiMM become still more appaient on in 
;a8Pb<>;iK)Q*.580* + 5HK)) and that oi leadhillite (4Pb< 
IwbeM of lead oxide ; they then become— 


Kaxite . 




PbO 

86 

38 

0 


00 * 

18 

37 

•-9 


timsw^cudled leo^l^ 
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M BeftiMid, it inoN ca lett altered by bydratioui but a nuztute of 

^leadhUUta^|M^ ^ . 

Aa cPTt lfcUlitf> Tho se«d[Of the Purple Cow-wheat (Mdampymm arvetiae) 
contains ft glucosido identical with, or very much like, rhinanthin (1«^ Suppl, 994). 
Xt is obtained bv exhausting the sia^s with alcohol, freeing tho extract from fat, and 
leaving the alconolic solution to evaporate over sulphuric acid ; by a second crystalli- 
eation it is obtained white. Wheu boiled with an acid, it splits up into glucose and an 
insoluble violet-brown substance (H. Ludwig and H. Muller, Arch, Pharm. [2J, 
cxliXr ®)* 

imiUWnbB. The melaphyres of tho Little Carpathians have been examined 
by H. Hdfer (JhArftwA/. 1871, 113). They are eruptive rocks of the 

jhiddle trias period, and may he classified as compact, crystalline, porpbyritic and 

ftinygdalmdal. 

1, Compact,~~Th.iB is the predominating variety of the group, and is distinguished 
by its varied colour, tlio darker hues, however, prevailing. The typical colour is 
black, with a dasli of violet ; red and reddish-brown aro rare, and block passing into 
groon is frequent. Py weathering, the latter hue changes to a light yellowish-brown, 
lliTOUgli the oxidation of ferrous oxide. The green varieties effervesce more with acid 
than the black, and this is especially the case with freshly-exposed dark green 
specimens. The green melaphyro takes a block colour and almost metallic lustre 
by weathering. By aid of n lens, numerous dark green granules, resembling sela- 
donito, aro observed in it. Compact inelophyre molts before the blowpipe to a black 
and very vesicular slag; has a stony couchoidal fracture, and a hardness between 6 and 
7, Though hand specimens but slightly affect the magnetic needle, this instnunent 
is entirely untru.stworthy in tho vicinity of the rocks tliemsoives. Tho specimens 
examined were : I. Violet-black melaphyro, from the southern end of the Blumonthal, 
north of Gronitz ; sp. gr. 2‘8d2. II. Biackish-groy iiielaphyre, with a dash of olivo- 
resembling basalt, from the bed of tho Schwarzeu Waag, near Horicowa; sp. gr. 

2’784: 



&i02 

Al'O* 

Fo"0* 

FeO 

CaO 

MgO 

K*0 

Ko"0 

CO* 

HH) 

Total 

In.*. . 

62-76 

10*80 


3-84 

2-36 


IBSI 

3-62 

1-99 

3*10 

100*65 

16. . . 


iigm 

21*18 

4-02 

2*47 


1*61 

3*79 

— 

— 

100-00 

llff.. , 

fctzil 

mpM 


4-95 

3*31 

0-94 

2-26 

3-91 

— 

3*33 

101*58 

116.. 1 

5131 

21*78 

11-26 


3*37 

jBM 

2*30 

3*98 



100*00 


Tho oxygen ratios of silica, sesquioxides, and protoxides aro in 16: 29*438» 11 '620, 
3 009 ; and in II6 : 27*364, 13-556, and 3-866. 

2. This variety is in a state of transition from the compact to the por- 

phyritic variety ; bright coloured scales separate themselves ^ from the uiuform nias^ 
and when of some siso aro recognised ns felspar ; the conchoidal fracture is lost, 
becomes irregular. If the crystals of felspar increase in size, the rock is then porphy- 
ritic, and tho three forms of melaphyro are occasionally met with, side by side, in 
The lithological characters of tho crystalline varieties are, as regards colow, os vwed 
ae th^e of tho compact melophyres, to each of which, in fact, a congeneric ciystalline 
kind is to bo mot with. « , ▼ * ■ 

Tho specimen examined was from tho Ipolticzathal, near Hoskowa. It was gi^n ; 
^ad a sp. gr. » 2-850, and enclosed very small white brilliant ciystals, upparentty of 
felspar, green, often foliated, masses, intimately mixed with tho fuspari ai)d oci^^oual 
l>lack, angular granules. Its composition is 



fiib* 

ATO* 


PcO 

CaO 

HgO 

K*0 

m 

H«0 

m 

B 

fm 

12-81 

18*87 

10^7 

11-2S 

9-4S 

.9*84 

7*99 

-8-38 

0- 99 

1- 03 

1*66 

1*78 

6-56 

zn; 

8-86 

. 

99-86 

10066 


^ oxygen ratios of rilioa, sasquioiides, and protoxides axe : B&d 

•» «*«•»« «» 0ttl7 wU«b to«ome pofpbi^ dirtawi, , 
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ibre, ia charaeteriBod by a blackiBh-violet base, endosing grooDiali folspav in ciyibilB,' 
on an average 6 lines in length and 1 line in broi^th. 

The composition of a specimen of the above kind, found sonth of Lucaivna, at the 
north foot of the Falkniczaberg, is given below (I), as well as that of the light green 
felspar (andesin) which it encloses (ll)i and of we dark violet base itself (111). 



SiO* 

Al'O- 

Fo"0- 

FeO 

CaO 

MgO 

K*0 

Na'O 

H*0 

Total 

8P- gr. 

Id. . 


fflH 


1-92 

BPS 

0*65 

1*57 

2-89 

4*81 

[ffitn 

2-889 

16. . 


K'tgtvl 


BUI 

6*56 

0*68 

1*66 

3*03 

— 



Ila. . 

53*26 

24*28 


2*06 

6*83 

0*66 

2*47 

4*68 

3*08 


2*683 

II6. . 

66*04 

2565 

— 

3*12 

7*19 

0*59 

2*69 

4*9- 

— 

ffiTWlil 


llld. 

60*66 

iFigPl 

16*03 

2*33 

4*45 

0*63 

1*79 

3*44 

6*14 

99*78 

2*761 

III6. 

63*62 

17*26 

16*88 

2*46 

4*70 

0*67 

1*89 

3*63 

— 




The oxygen ratios of silica, sesquioxidea, and protoxides, are ; lb, 29*368, 13*139, 
and 3*362; II6. 29*886, 11*943, and 4*681 ; and im. 28*642, 12*822, and 3*397. 

A further example of this variety, from an entirely isolated out-crop in the Bistra- 
thd, near Bries, enclosed green crystals of felspar, and round masros, 1^ lines acrosSi^ 
a green, almost compact mineral, which was found to be delossite, enclosing small 
particles of calcito. This rock has a rather oven splintery fracture, and is probably 
in the first stage of decomposition. Its specific gravity is 2*816, and composition:^ 


SiO> 

Al-O* 

F0"O* 

FeO 

CaO 

HgO 

K“0 

Na'O 

CO* 

H"0 

Total 

52-21 

12*84 

l‘6‘36 

6-87 1 

3*67 

1*13 

0*98 

1*90 

2*01 

4*60 

101-28 1 

56-10 

13*66 

17*26 


3*87 



2*00 

— 

— 



The oxygen ratios of silica, sesquioxides, and protoxides, are : 29*386, 11*606, and 
3*689. 

4. JmygdaliMal. — The numerous varieties of this group agree in having a dark base. 
In one from the Nischne Chmclenicthal, at Svarin, it was of a dull dirty violet, and 
enclosed felspar crystals 1^ lines in length, which had lost their distinct cloavago, 
wore witliout lustre, and effervesced with acid. In somo of the more altered eiystris 
small spherules of a dark green minoral are seen ; in other instances the entire struo-. 
tnro of a crystal has been replaced by this substance. Tho amygdaloids, then, are 
clearly dud to a metamorphosis of tho andesin. ^ ^ ^ , 

Tho specific gravity of this altered niclaphyro is 2*866, and its composition is given 
below, under I. . 

A typical specimen from Schwanwaag had a dull reddish-brown base, endo^ 
delessite, amygdaloids of calcite, and hero and there small particles of mesitin.^ Toe 
felspar was completely decomposed. Its specific gravity is 2*727, and compositlph «• 
undor (II) : — 



810' 

A1*0* 

Fe*0> 

FeO 

CaO 

UgO 

K«0 

Na*0 

CO" 

la. . 

61*80 

7-78 

20*90 

5*34 

3*10 

0*47 

2*26 

2*71 

1*29 

16... 

64*85 

8-24 

22*23 

6*66 

3*28 

0*60 

2*38 

2*87 

■' — 

Ild. . . 

42*76 


14*10 

2*60 

9*10 

0*67 

2*22 

4*29 

7*89 

II6. . . 

47-73 


15-74 

im 

10*16 

0*64 

2*48 

4^79 

. — 


ffO 

8*77 

8*49 




99'60{ 

IlfiO-OO 

llOO*90 


The oxygen ratios of silica, sesquioxides, and protoxides, are : 

Md 3*628 ; and U6. 26*464. 12*042, and 6*41 1. . ■ " 

The mineraiB met with in tho larger cavities of the altered 
-are : delessite and green earth, calcite, mesitin, quarts, diakedOji^/ ^ 
pistodte, kenlandite, copper pyrites, a^ malachite. 

unUITtO AQX3>f G”H*0'^. The principal resnl^ ) 
vestigation of this acid, and its derivativea have been 
(pp. 808-814). The foOMag facto ha^^ iinoe been 
atvi. 826*^860). 

VTb® add ?- C«H^QOH)V formerly called,: 
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mixture of two ieomeiides. One of these, for which the original name is retained, is 
nniorphous, while the other, called iaohydtipyroiitdlUic acid^ crystallises in agglomera- 
tions of needles having the composition C‘®H*®0*.2H*0, and giving off their water of 
crystallisation at 120°. Its aqueous solution is not precipitated by baryta- water in 
the cold, but on heating the liquid, a dense crystalline precipitate soluble in acetic 
acid is formed. Load aratato produces a floc^ulent precipitate insoluble in acetic acid. 

Both varieties of hydropyromollitic acid, when heated above 200°, yield a distillate 
of tptrahydrophthalic acid, (see Phthauc Acid). 

When mellitic acid is heated with glycerin till the solid mass becomos brownish- 
blnck and porous, no pyromollitJc acid*ia formed, bat a largo quantity of trimesic acid, 

TFimcUitut acidi C®H*(CO®H)*, when heated, yields the anhydride C®II'* J CO-"'' * 

I coon 

a crystalline mass which molts at 167^-168°, and dissolves readily in hot wsiter. 
l^rehnitio anhydride^ formed in like maunor from prehnitic acii C"H*(CO■-*H)^ has 
fC0'~^O 

t])o composition C®IF ■! CO-"^ ' 

((COOH)* 

The mcihylic ethers of the several polycarbonic acids of benzene crystallise exceed- 
ingly well, and are w'oll adapted for the detection and comparison of these acids. Tho 
fullowing havo been prepared by tho action of methyl iodiuo on tlicir silver salts. 

Methyl isohydropyromdlitate crystallises from a hot alcoholic solution in short thick 
iicodhsi melting at 1,06°, and distilling wiUiout decomposition. Methyl jiyromellUatc 
is but sparingly soluble in boiling alcohol, and forms largo plates melting at 138°. 
Methyl irimellitute crystallises from dilute alcohol in long slender needles melting at 


ME&O&OlTTBXir, C^H>2N-.SO» (P. Schreiner, aiem. Gcs. Btr, iv. 763). 
A cry.stallisablo substance obtuiued together with leucine, sarcino, doublfiil traces of 
xanthine, abiiiidanco of water, and calcium oxalate, from cockchafers {Meloloutha 
vulparis), Tho aqueous extract of the mashed insects is freed from albuminoids by 
boiling; tho concentrated Bltrato is precipitated by basic load acetate; and tho. 
tiJtcrod liquid, freed from excess of load by hydrogen sulphide, is concent^atcd^ where- 
upon it deposits urates. Tho mother-liquor evaporated to a syrup and loft at rest for 
some time deposits crystals which exhibit under tho microscope well-defined needles, 
logother witli tho spherical forma of leucine, and the moUier-liquor after a few- 
tliiys yields a second crop of tho needles. Tho united products are treated, first with a, 
large quantity of alcohol of BOp.c., then for a considerable time with alcohol of 70 p.c., 
vhoreby tho leucine is dissolved and a white flocculent substance consisting of micro- 
wpic needles is left behind. The.se noodles also separate from the 70 p.c. alcohol’ 
<inring the filtration. 

Tho substance thus obtained is mololontfain. 30 lbs. of cockchafers yield only 1’66’ 
pram of it. When purified by recrystallisation from water, with ^dition of a few, 
fhops of ammonia, it is perfectly colourless, and has ta beautiful silky lustre. It is, 
tasteless and scentless ; hard ; grates between tho teeth ; docs not lose weight at' 
100° ; di.«solves sparingly in cold, more easily in warm water, very slightly in aqueous, 
alcohol, not at all in absolute alcohol or in ether, but easily in potash, soda, sodium. 
Ci^rbonate, ammonium carbonate, tartaric, hydrocliloric, nitric, and sulphuric^ acids, 
'ind in water containing a few drops of ammonia; and crystallises from thislhsfc- 
^entionod solution, as tho ammonia evaporates, in rather large tabular rhombic 
prisms. The aqueous solution does not net on polarised light. 

li-i?!**^^****®*" ■^^^*** mineral, hitherto found only at Bottino in Tuscany, 
M iwen discovered in the emery bod at Ochsenkopf near l^hwaizcnberg in Saxony^. 

compact masses disseminated through tho emery; has a metallio lustre, a* 
5 . * lead-grey colour, a black shining streak, compact to even fracture ; liazdnoss -■ 

• gr. ci 6-367. Two analyses gavo— 


Lemi Obppcr Antimony Sulphur Iron 
61-33 1-38 10-60 1704 — * 99-86 

. . 60*09 1-66 19*11 18-22 0-26 - 90*23 

which is that previously assigned to menoghinite 

^ Freiaol, 1871^ - . . - 

and J^ffusion of Mercury raiwr.— Faraday showed that- 
^ vapour at ordinary tempe^tures between 15-5® and 27®; buthiB oA-»i 
tho fron • ittdicato the formation of mercurial vapour at temperatures below 

2»d ^ water (iii. 864). Merget, howovo^dmp^. rend. Ixxiii. 1356), by 
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exponng paper streaked with amiftODiacal silver nitrate, or in bright sunshine the 
chLoridoa of platinum and palladium, to the action of the mercuiy vapour, luis shutiu 
that tho vaporisation of the metal goes on continuously between 26° and -«25° nud 
takes place even as low ns —44°, not being interrupted even by tlie freezing of tho 
metal, and that the vapoiirs possess a considerable diffusive power. 

Bep;nault {Oompt, rend. Ixxiii. 1462) also finds that mercury at —13° gives off 
sufficient vapour to produce a daguerreotype picturo by 24 hours* exposure. His de- 
terminations of the vapour-tension of mercury at differont temperatures (iii. 04) also 
show that it emits vapour of measurable tension at 0°. 

Two processes for the estimation of mercury are given by J. B. Hannsy 
(Chem. Soc, J, [2], xi. 665). The first, which is a volumetric method, depends npoa 
the fact that potassium cyanide dissolves the procipitate produced by ammonia in a 
solution of mercury chloride. A few drops of ammonia are first added to Uio soliitiou 
containing the mercury in the state of chloride, and then a standard solution of potas- 
sium cyanide until the turbidity produced by the ammonia disappears. If arsenic, 
copper, &c., be present, the solution should be precipitated by sulphuretted hydrogen,' 
the arsenic, &c., separated by sulphide of ammonium, and the mercury sulphide dis- 
solved in aqua regia. — The other method consists in decomposing the mercuiy, in solu- 
tion as sulphate, b^ the electric current in a platinum basin, tho mercury being 
deposited on the basin in the state of metal and weighed as such. 

Eshka {Bingl. polyt J. cciv. 47) estimates mercury in its ores by exposing the ore 
to 'a high temperature in contact with metallic iron, and absorbing the volatilised mer- 
cury with metallic gold. 

A weighed portion of tho pulverised sample is placed in a porcelain crucible, with 
smooth and even edge, and mixed witli about half its weight of pura iron filings, and 
the whole is uniformly covered with a layer of filings from 0*6 to 1 ceirtim. thick. 
Tho crucible is covered with a concave, well-fitting gold lid, the cavity of which is 
filled with distilled water. The crucible is hoat^ for ten minutes by means of a 
flame, whose point plays on the under surface. Tho gold lid is now removed from tho 
crucible, the water poured off, and the mercurial mirror on the convex side is washed 
with alcohol, tho lid dried in Uic water bath, and weighed after cooling. The increase 
of weight in the gold lid expresses tho weight of mercury contained in tho sample ef 
ore. 

The quantity of ore to bo operated on varies from 10 grams for poor ores contain- 
ing 1 p.c. of mercury to 1 gram for rich ores about 30 p.c. 

Amalgame . — Crystalline amalgams of potassium and sodium are described by 
Kraut a. Popp {Ann. Ch. Pharm. clix. 188). When sodium amalgam (prepared by 
trituzabiug 3 parts of sodium with' 07 parts of mercury) is added to an aqueous solution 
of carbonate or hydrate of sodium, or left for several days under a moderate quantity 
of water, long needles of an amalgam are formed having tho composition Na^Bg^'^ B 
tho sodium amalgam be immersed in a solution of carbonate or hydrate of potassium, 
hard crystals appear after a few days in tlio separated mercury, consisting of an 
amalgam of potassium. These crystals are cubes with rhombic dodecahedral and octo- 
heilral faces, the sides of which sometimes attain the length of 6 mm. When 
under the liquid they disappear again for some time, but in closed vessels they remuu 
unaltered. They contain mercury, potassium, and sodium, the quantity of the sodium 
being less tho lon^r the time for which tho formation of the crystals has 
Supposing the sodium to be in tho form of the above described amalgam^ - ' 

merely mixed with tho potassium amalgam, tho composition of the latter will 


amalgams exhibit some analogy to those of tho peroxides of the same metals, ^ 
and Crystallised potissium amalgam was prepared some time ago by 

Bus and Pontin (iii. 889), also Crookewite {Jaktrsb. f. Cl^m. 

L5wig (ibid. 1860, 397) obtained sraium amalgam in prisms an inrii long by 
sodium to mercury in such quantity that the mixture solidified eompl^l^ 
then pressing out the excess of mercury, fusing the amalgam, and leaving it to SDiinw 
slowly. . . 

Reactions of Mercury Compounds. — ABolntionotmereurie 'cMor^U^^^ 
idetelyr deconiposed in a few hours at ordinary temperatures by metallic 
cially in the finely divided state) according to the equation^ 


HgCP + Ag» - 2AgCl + Hg. 


!From a solution of mercuric iodide in potassium iodide, silver likewissjgegg?^ 
the mercury completely at ordinary temperatures (Caropani, JVi(0W 

73)« _ ■ ■ ' 

Mcreufio oride dissolves completely in solution of potassiom ?? 
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of the formation of potassium hydrate and the double iodide 2KI.HgI* (John, Arch. 
Pkarm. [3]i i- 97)* 

]iercuric sulphid€.^Tb.\B compound occurs in Lake County, California, forming 
an amorphous crust in clefts and hollows of a siliceous gangue, associated with cin- 
nabar aud with iron- and copper-pyrites. Fracture, conchoidal to brittle; hardness 
*^3; sp. gP. ^7*701-7‘748; colour, greyish-black; streak on porcelain, pure black. 
Before the blowpipe it behaves like cinnabar. The mean of soveral analyses gave — 

S Hg Fo ' Qaarts 

13-82 85-79 0*39 0*25 + 100*25 


the formula ITgS requiring 13*88 sulphur and 86*12 mercury (Cl. Moore, Jahrbuch f, 
Miiieralogie, 1871| 201). 

MBBOUST-RABXOUS, OBOAWXO. See Is^ (pp. 818.821). On the 

Kaphthpl-mercuric Compounds, see farther Naphthyl, in this volume. 

masAconc aoxd, c^hoq^ On the formation of this acid from the isomeric 
itaconic acid, see p. 709. 

Potassium mesoconato subjected to electrolysis yields at the positive pole carbon 
dioxide and allylono, C*H\ which is precipitated by silver nitrate. The oAer pro- 
ducts of the decomposition are probably acrylic and itaconic acids. The allylone 5ius 
produced is not identical either with ordinary allylone, or with those produced rospec- 
tiroly by the electrolysis of citraconic and itaconic acid (p. 708). 

Mcsaconic acid is slightly coloured by ferric chloride, and the solution when boiled 
deposits u gelatinous precipitate which rcdissolvcs on cooling. The addition of a 
further quantity of feme cliloride prevents its rodissolution. Neutral mesaconates of 
alkali-motal give with ferric chloride a brown precipitate which is insoluble in excess 
of tho reagents, and does not dissolve when the liquid is heated (Aorland, J, pr. Chetn, 
[2j, vi. 256). 

MSBZTTUnra, C®H» - C«H*(CH»)>. This hydrocarbon, treated with phosphor 
iiiuw iodide, is hydrogonised more easily than benzene, toluene, or xylene (p. 656), 
nml is converted into hexhydroniesitylene, The latter, when freed by 

nitric acid from unaltered mesitylone, boils at 135^.138*’; it smells like petroleum, is 
jittiicked Ijy bromine, and converted by prolonged treatment with fuming nitric acid 
into trinitromesitylene (A. Jiaoyer, Ann. Ch. Fhann. clvi. 266), 


MBSlTTLZmi-aVKPBOHXO AGIO, C*H‘>SO’' « C^(CH’)>H^SO>H (Jacob- 
sen, Anil. Ch. Pharm. cxlv. 85). The mesitylone required for the preparation of this 
md vrns obtained by a modification of Fittig’s process (1«^ Supjjd. 298). Instead of 
Kr8t mixing the acetone with sand and then adding sulphuric acid, the acetone (2 vol.) 
was nt once mixed with strong sulphuric acid in a retort 42;ed with a long condensing 
tube directed upwards, so that the acetone volatilised by the heat resulting from the 
iiction might fiow back again ; the liquid after cooling was mixed with a quantity of 
tiuud sufficient to form a thick paste, and then distilled. A kilogram of acetone thus 
treated yields 110 grams of crude mesitylene boiling between 163® and 170®. 

To propnro tho sulphonic acid, this crude mesitylene was treated with a mixture of 
ordina^ nnd fuming sulphuric acid in eq|ual volumes, whereupon it dissolved with 
slight browning and almost witliout rise of temperature, the solution beginning 
tociystallise after a few minutes, and soon afterwards solidifying completely. A small 
qiwntity of another hydrocarbon, probably a totmmethyl-benzene, remained undis- 
Bolred ; it dissolved, however, in warm fuming sulphuric acid, yielding a sulphonic 
whose salts were essentially difiTerent from these mcsitylcne-sulphonates. For 
po preparation of mesitylone-sulphonic acid it would therefore be better to digest the 
mesitylene only with ordini^ sulphuric acid. 

.'1°® <^ueou8 solution of the mesitylene-sulphonicacid, prepared as above described, 
yieui^ directly a very pure barium salt, which was recrystallised and used for the pre- 
paretion of tho other mesitylene-sulphonates. 

Aicsitylene-sulphonic acid is obtained, by slow evaporation of its syrupy solution 
acid, as a coarsely laminar crystallised mass having the composition 
ir ^^‘0. The individual crystals are six-sided tables (Jaooosenf. Accordine’ 




ial ^ho magnesium salt Mg(C*H»SO»)» + 6H*0, which crystallises 

ioD t T brt^nsparont tables, ve^ much resemble the acid in their forms. Accord- 
hiffh the acid is not deliquescent, melts near 100®, and is resolved at a 

Jl ^pettiture into merityleno aiid sulphuric acid. ^ According to Bose, it melts 
form* I moisture only in very damp mr, solidifies again in the crystalline 

h crystallisation when kept for a long time 
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Bstauium MuitploM-avil/phdnatet KC*H**SO* + H^O, usu&lly crystallises in rousduh 
groups of laminae Daving a silky lustre ; it dissolves in .7 parts of water at 12° 
what less abundantly in cold alcohol ; in botli cases tlie solubility diminisheii 
xaindly with the temperature. From the alcoholic. solution the salt is giadually 
cipitatM by ether in spherical aggregates. The ammonium salt, (NII^)G”H**SO> + IPO 
is very soluble in water and in ^ohol, and crystallises by slow cooling in .rhomtic 
plates. It gives off its water of crystallisation at 110°, molts with decomposition at 
250°, and yields a sublimate of a substance which is insoluble in water, easily soluble 
in alcohol, and still more in ether, and probably consists of mesitylene-sulphaui- 
ide. Tho caJtium salt, Ca(C®lI'*SO*)2 + 6H-0, forms distinct, Wd, limpid crystal' 
line crusts which effloresce in dry air. The sU'ontimn salt, which 'may be obtainedin 
stellate groups of large lamina, likewise gives off its water with facility. The hatvm 
mU, Ba(C*H"SO*)= + cry.stalli8e.s from a moderately concentrated hot solution 

in long flat i)risms with dihedral summits, or by slow'or crystallisation in more tabular 
shorter, but broader crystals ; from alcohol in bright iridescent laminae. It dis^ 
solves in 15 parts of water at 28°, the solubility increasing quickly with the tempera- 
ture. It effloresces very easily in dry air, gives off 8 mol. water at a comparatively 
low temperature, but retains tho last molecule till it is heated above 100°. Tho cobalt 
salt, Co(G*H"SO*)‘‘* + 6H*0. crystallises in beautiful gmups of shining flesh-coloured 
laminm, easily soluble in water and in alcohol. Wlion dried at 100° it is rose-red and 
still appears to retain 4H^O ; tJie dehydrated suit is of a flne iiitramarino colour. Tho 
copper salt, Cu(C®H"SO*)* + 41 FO, crystallises in spliericnl groups of 'vvhitish-green 
larainm htiving a silky lustre ; after drying ut 100° it is graiss-greon and anhydrous. 
It dissolves in 17 parts water at 10°, much more freely in hot water. Tho concen- 
trated solution of the lead salt, Pb(CJ®H"SO®)» + 9H*0, solidifies on cooling to a 
coarsely laminar crystalline mass having a strong mothcr-of-poarl lustre. It dissolves 
in 6*4 parts of water at 20°, easily also in alcohol, effloresces very quickly, begins to de- 
compose at about 200°. The lead salt crysttillising in needles described by Hofmann 
(Chsm. Soc. J. ii. 113) was not obtained by Jacobsen. 

Tho acid obtained from the above-mentioned less soluble hydrocarbon mixed with 
the mesitylcno, was produced in comparatively large (;|uantity from the portion of the 
crude mesitylcue which distilled above 180°. The distillate obtained between 180° 
and 230° was repeatedly rectified over sodium, and tho portion boiling between 105° 
and 210°, probably tetramethybonzono, was collected apart and dissolved in 

fuining sulphuric acid. Tho barium salt prepared by saturating the acid liquid with 
barium carbonate, probably Ba(0*®li**SO*)* + H*0, separated, on evaporating the 
filtrate, in sparingly soluble, hard, indistinctly ci^stalliiio crusts, floating on the 
surface. Tho same salt was gradually precipitated ui the crystalline state ffoni tho 
solution of the potassium salt by barium chloride. It is very much like barium iso- 
cumene-sulphonate, but much loss soluble, and its solubility is but little increased by 
heat. Tho potasmtm salt is eiisily soluble in water, and crystallises from the hot 
alcoholic solution in small felted needles (Jacobsen). 


Bromomanitjtone-siilplioiile aetdy 0®Il'®Br.SO’H «■ C®(CH')*HBr.S0’fi 
(H. Bose, he, cit.) Bromine acts strongly on mesitylene-sulphonic acid, produang, 
nowever, for the most part, scarcely anything but brominated substitution-products of 
mesitylono. It is only by great dilution, efficient cooling, and the use of bromine* 
water, that, an^ considerable quantity of bromomesitylene-sulphonic acid can he olh 
tained. The liquid filtered from sepamted bromomesitylone and nentxalised with lead 
carbonate first domsits crystals of lead bromide ; and on precipitating the reminder of 
tho load with hjrdrogon sulphide, repeatedly evaporating, saturating with barium car- 
bonate, ova|)orating, and treating the residue with hot alcohol, barium bromomesi^lco^ 
sulj^honate is dissolved, while any barium bromide tliat may still bo presenh 
behind. From this barium salt the acid may bo prepaiod. in the usual way> 
bri>minated acid may also be obtained, and in somewnat larger quantityi by 
of sulphuric acid on bromomesitylene. The salts of the brominated acids prepsmu vj 
th«ie two presses exhibit identical properties. v nd 

Bromomesitylene-sulphonic iicid is very soluble in water, aleoh^ 
crystallises fiom ether in shining needles, which are so ( 

.. 1 i .1 Ti- I 1 


bie system. The Aarwm Ba(C®H**BrSO®)* + 11*0. crystaUises 
w laminsB, very slightly soluble in alcohol, insoluble in e^er. ^ The wattr. 
lisation is riven off only at a tempeiaturo near riiat at which , tho ^ 

pose. The orir, Pd(C*H*®BzoO’]^ + 1) H*0, forms 
fiystals, moderately soluble ill hot alcohol, insoluble in ' ether.' : 
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T-n*iT>®BrSO* + H*0, firyetalliflcs in isolated rhombic tablets easily soluble in water 
JJiJin hot alcohol. Tho i^per salt, Cu(^Il*®BrSO»)* + 4H®0, crystallises in beautiful 
Mitt'S ef long, iieiirly white crystals, having a silky lustre, and assuming a grass-green 
h)1out when licated above 100®. The sodium salt^ NaC®H*®i}rSO“, is obtained, by 
n]).ji]taiH‘OUS evaporation of its aqueous solution, in hard, finely-developed transparent 

Cj'V.Stllls* 

ffitromesltylene-aulplionlo aold, Cmmo\SOm « C«(CH«)®H(NO*}.SO>H 

(II. Kose, ZciUchr. /. Chmn, [2], vi. 74). This acid is prepnred by gradually adding 
jncsitylenc-sulphonic acid to carefully cooled fuming nitric acid, whereupon it dissolvos, 
luriuiug a deep brown solution, which after a few hours becomes almost colourless. 
Thin solution is poured into a largo quantity of -water, liltcred from the white fiocks of 
iliiiitiornesitylone which separate together \vitli a small quantity of an oil, probably 
impuro iiicroiiiesityleno, and repeatedly evaportitcd at 100° with addition of water, 
in tiider to remove tho excess of nitric ticid. Tho crystalline mass, after being pressed 
mid rwrysUllised, readily yiohls the pure acid in brittle, traiispirenb, prismatic crys- 
til-s, liJiv’iiig iho composition C**(Cir*)“HNO-.SO''lI + l.JJl-O, easily soluble iu -water, 
alcohol, and ether, and melting at 131°. JCxposure to sunlight turns the acid yellow, 
mid when dried over sulphuric acid it becomes opaque, and loses its water of crystal- 
lisitinri. JVIo.'it of its salts are easily soluble in water, crystallise well, and burn witli 
drhagmtion. 

Tho harinm salt, lla[C®(CH®)*ITNO-SO“]-, cay'stallises from its hot aqueous solution 
ill puli' j-L'llow tufts of crystals. It is almost insoluble in ether, soluble with difficulty 
in cold water and in alcohol. Tho in//, KU«(CH*)“IINO'SO» + H^O, forms 

liirgo wliito ncoclles or brojid plates, and is readily soluble iu alcohol and water. The 
copper salt, Cii[C®(Cll=')=*HNO'SO=']-* + 311-^0, ciy stall ises in piilo green lustrous scales, 
wliicli aro modor.atoly soluble in cold water. Tlie lead salt, PbLC**(CH®)*IlNO®SO*]* 
j- ll‘(), is easily soluble in water, and ciystallises from hot solutions in whito 
{jlistenirig tufts of needles. Tho ammomiim salt is readily solublo in alcohol and 
tt.itiT, anil separates in nodular concretions. 

Nitroiiiosilylciie-sulphoriic acid has not hitherto been produced by tho action of sul- 
phuric acid on nitromcsitylono. 

Amldomesltylene-sulplionle aold, C®(Cll®)°HNH^SO’H + H^O, is prepared 

from tho iiitro-acid by dissolving it in ammonia, saturating the solution with sul- 
pliiircttod hydrogen, atid evaporating it n1mo.st to dryness ; w'ater is then added, and 
liiv boiling solution decomposed by hydrochloric acid. The filtered solution, on cooling, 
licpo.'-its the a inidojnesityleiio-sul phonic acid iniialu red noodles, which may bo renders 
vliirc by t roiitiuent with animal cliarcoiil and reciystallisution. Tho acid dissolves 
I'iisily in liot alcohol, with difficulty in cold water, but much more readily in hot 
wutii-. By sicnviy cooling its aqueous solution, it is obtained in fine truncated prisms, 
iwiil from a liot concentrated solution, iu needles, which acquire a red tinge ou cxjwsure 
1^1 li^dit. It loses its water of crystallisation when dried ov(T sulphuric acid. It does 
iiotL-omLiijc with hydrochloric acid, and crystiillisos unchanged from moderately strong 
i^iilpliuric iicid. Its solutions redden litmus-paper, and it expels carbonic acid from 
tlie m-boiiatcs. 

Its .«;iili,.s crystal] iso well, and a re generally easily soluble ; tlicir solutions become 
ydlow on evaporation, from incijiiont decomposition. The barium salt, Ba[C*(CH*)* 
crystallises from its hot aqueous solution in yellow nodules, which 
:>rc modorjitiily soluble in cold whaler. The magnesium salt, Mg[C®(CH*)“flNH®SO*]* + 
311-^0, forms hard transparent yellow crystals. Tho cine salt, Zn[C*(ClI*l*HNH*SO*]* 
+ 5H-0, is readily obtained in fine crystals, easily soluble in cold water. Tho lead 
3^>|C“(CIl»)BHNH*SO*]a + H«0, is also readily soluble in cold water, and 
‘’ry^talJisos well. Tho caiciu 9 ?i, sodium, and ammomum salts are readily soluble in 
C‘>!u water; the silver salt much less soluble (H. Rose). 

MSBOCAMPBOMC JhOZB. See CAMruonic Acid (p. 23fi). 

1 ****03UB. Pisani (Oompt, rend. Ixxiii. 1448) has analysed a mesole ftom the 
wsaltic amygdaloid of Gicuat, near Saint-Germnin-Lembron in Auvergne, with tho 
wAlowing results ; 


RIO* 

42-3 


A1“0“ CaO Ra*0 ' K®0 H“0 

28-1 100 6*7 trace 14-1 - 101*2 


investigations of E. Schmid (Pogg, Ann. cxlii. 118) tend to 
siinr 1 ^ mineral la a distinct species, and not a variety of scolecite, as 
Rammelsberg (v. 207ii Schmid examined three specimens, two firom 
cr\-Rtli II- ). the former consisting of radiated bundles terminating in 

J which exhibit tho combination of the aiohoclinic prism with the cline* 
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Binacoid and tbo complete pyramid. wWle the Mter and that from Stiomb OIL) ue 
SieW radiate, the ends not being free. At ordinary tomperatTiree th^ but UtUe 
urater orobably hygroscopic, the quantity not being greatly incr^^ when the heat 
is raised to 100®. Above the boiling point the loss increases, and by a gentle inean- 
desconce continued for half a hour, all the u-ater of the throe specimens, amounting 
to 12-948 13 190, and 13*355 p.c. respoctively, was dnwn off. Coarse fragments, 
after lying two days in acid, show signs of gelatinisation. Ihe portions analysed were 
dried at 100®, and had consequently lost somewhat more than tho hygroscopic water; 
the results wore : — 



I. 


Oxygen 

Oxygen 

ratios 

Silicic acid 

46-583 

24-842 

5-802 

Alumina, ) 




with a trace >• 

27-566 

12-815 

3-00 

of iron oxide j 




Lime . • 

9105 

2-602) 


Magnesia 

0-076 

0-030 \ 

0-836 

Soda 

3-638 

0048] 


Specific gravity 

2-18 




II. 

HI. 


Oxygen 

Oxygen 

ratios 


Oxygen 

Oxygen 

ratios 

47-133 

25-136 

6-102 

47-404 

25-231 

G-107 

26-520 

12-358 

3-00 

27-049 

12-605 

3-00 

10-365 

2-961 ) 


0-163 

2-618) 


I 0*025 

0-00 [ 

1-006 

0-058 

0-023 \ 

0-910 

4-501 

1-173] 


4-689 

1-222] 


2-18 


“ 

2-16 




The ratios of tho constituents, with the exception oi me warer, are ui lau™- 
dorite Tha amounts of water in those three new epccimens Aow as litUe uniformity 
^Xse of earlier analyses, and it istos point, in fact ^t ^s the reMpiition 
4 . Hi- iTiiiifirn.1 MnAciBB a matter oi doubt, huchs held that tho 


of mosolite as a distinct mineral species « ^ "T." 

water-percentage was depondeut on those of soda and lime, and considered mesobto to 
ho formed of scolecito and natrolito as proximate constituents. If then tho oxygen of 

the Bocln ho i- of that of the total monoxides, the water will, on this assumption, k 


3 — -i. , and the formula 
111 


op 


Na ^ 
m 

+ 2Al*0».3Si0* + *( 8 - 5 )“*° 

4 -Wflsn f 


nsBrsw* Sec Alpehydb. — 

. On the Atomic WeighU and Classifleation of theMotaU,ieo Ei 

Vn tie Electric Effwto ^8 

SaUne Solutions, see Electmcity (pp. 448-440). vn we an?™ 

Metals and Liquids (p. 457). f v a p\ 

CieTii ix. 616), a solution of aunc chloride ot silver “trato p article 

■ - 

therewith* 
tested witii 
produces a T 
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which iire le«i reducible, and to obtain in this manner two distinct groups ; the first 
comprlsiDg iron, nickel, cobalt, and zinc ; the second, all the other metals capable of 
iiductioD, the latter group also representing those metals wbich are precipitable by a 
pliite of zinc. 

la tlie electrolytic separation of two metals (copper and cadmium, for example), 
differing but slightly in roducibility, it is found advantageous to employ a current 
(somewhat stronger than would be necessaiy, supposing it were intended to avoid 
the precipitation of the less reducible metal. In this v&y a deposit is in the first 
iostance obtained, containing the whole of the more reducible metal, together with a 
Btnall quantity of the other metal ; the solution is then poured off, replaced by a liquor 
free from metallic salts, and the direction of the current reversed for a short time. As 
(iuon as the deposited metals have passed into solution, the original direction of tJio 
current is re-established. The less reducible metal, being now only in roiy small pro- 
portion, remains entirely in solution, while the metal wdiich is more easily reduced is 
deposited perfectly pure. It is sometimes, though not often, necessary to repeat this 
operation. 

When a solution of cobalt, nickel, or zinc is reduced by galvanic action, it is ad- 
Tisable to supersaturato tlio solution with ammonia, to avoid tlio deposition of oxide, 
it is found impossible to estimate iron correctly by the above method, owing to the 
great tendency of the mot<il to form sesquioxide (Lccoq tie Eoisbaudrtm, C<mpt, rend^ 
L\xiii. 1322). 

On tlio Electrolytic Sopamtion of Copper and other Metals, as practised at the 
^r.'inslidd Copper Mines, see Coppeu (p. 384). 

On the Action of Sulphurous Acid on Metals, see 8 ut.phurous Acid. . 

Oil the Influence of certain Liquids in Bctarding the Action of Acids on Metals, 
SCO CiiEMicAX Action (p. 306). 

MBTAMOBPBlBMa On the metamorpbism of rocks, as exhibited in the eon- 
tavl phenomena produced between the clay-slates and granular diabases in the Harz, 
sroE. iuiyscr (ZeiiscJir. geolog, Gesellsch, xxii. 103 ; Jakrh.f, Mineralogies 1870, 496; 
Jahmh,/. Chernies 1870, 1344). 

An elaborate Treatise, of historico-critical character, on the Theory of Metamorphism 
and the Origin of Ciystallino Slates, has been published by J. Both {Abhandl, dL Bert, 
Ami. 1871, physikalkchc Claeaes 161 ; Verh.geol. Rckhsanstalt. 1871, 362). 

On the Metamorpliism of Meteorites, see p. 793. 

MBTATSZOBYDROBBirZOlO ACZB. See Tbioxydrobxnzoxc Acid. 
MBTBOBZTBB. Formation , — ^Daubrdo {Compt, rend. Ixii. 200, 369, 666) has 
made a series of ^nthctical experiments with the view of throwing light on the mode of 
foi-niuLiou of meteorites, and on their relation to terrestrial rocks. He finds that ordinary 
inctooritcfl (chondrites), when exposed in a plumbago crucible to a heat near the melt- 
ing point of platinum, yield an iron regulus (proceeding partly from the metallic iron 
I'lcscnt, partly from reduction of ferrous silicate), together with a flux which on cool- 
ing solidifies to a crystalline mass containing two different crystallised bodies in very 
diHcrent proportions. The upper layer of this flux consists of olivin either in flat 
rhombic octohpdrons, or in six-sided tables (OF . oof oe> . 00^2), or in laminse 
(OP . Poo . nFco ). The inner mass consists of onstatito (MgO.SiO”) in prisms, not 
»uctly definable, with rectangular base and fibrous-laminar fracture ; sometiraos the 
ouijL:ititcisiiitorgrdwn wdth olivin or group^ more or less regularly round a nucleus of 
nliviD. Meteorites of different groups (iii. 980) differ in their melting TOints only in 
cnnKoqnonco of the predominance of ono or the other of these silicates. &e Chassigny 
nioteorlte gave scarcely anything but olivin, that of Bishopville littlo besides snow- 
white enstaUte ; the aluminiferous meteorites of Jouvenas, Jouzac, and Stannem, on 
the other hand, yielded glasses free from ciystals; that from the Jouvenas meteorite 
was blistered. The onstatito and olivin, which exist in meteorites in a state of vezy 
JDtnnato mixture, but may be shown to be present by their different behaviour to acids, 
I'lystnllise therefore separately from the fused mixture, and enclose the alumina sili- 
cates in their mass, if the latter are not present in considerable quantity. 

^^ctly similar products are obtain^ by the fusion of terrestrial olivin rocks, 
tivin melts completely in a strong gas-furnace, yielding a green translncent ciystal- 
iie mass which exhibits well-defined c^stals on its surface. UiCRolite melts still 
ore raadily, exhibiting after filsion distinct nekUes of enstatite, which occur more 
’.anciantly if silica has been added previously to the fusion. Serpentine yields by 
»on and solidification crystals of olivin and enstatite ; when fusM with addition 
i it is converted for the greater part into olivin; with addition of. silica 

When these rocks are fused in a plumbago crucible, the result is 
^ same; iron of the silicate is redact and separated in the form of 
“^weepicgtanalM, 



?03 JfETJSOBITBS. 


The regul'me masses of iron obtained by Uio fusion of meteorites ‘(which from 
mode of formation probably contain carbon and silicon) sometimes exhibit on cub an^ 
polished faces, after treatment witli acids, a dondritically ramified crystalline sub- 
stance distinct from the dull ground, and in the case of the Montrejeau and Aumale 
moteoritoSf also distinct crystals of titanium uitrocyanido, but not tbo regular (Wid- 
manstattian) figures characteristic of tlie unaltered meteorito. ^ Tho meteoric iron of 
Caille (Dep. of Yar) after refusion (imbedded in aluniiua) exhibited tho same appear- 
ances, although it had become crystalliiio throughout its niass. 

The synthetical preparation of meteoric iron was not quite successful. Soft iron fused 
with phosphorus, nickel, silicon, and iron sulphide, acquires a distinctly crystalline 
character and laminar fracture, without, however, exhibiting on tho etched cub sur- 
faces tho lines and separations of meteoric iron. A product at least resembling 
meteoric iron was obtained by fusing soft iron (or pig iron) with 2 tw 10 p.c. of 
iron phosphide : it showed on unebched cut surfaces the iron phosphide in diin- 
iug lines (only less regularly disposed than ih meteoric iron) and a black amorphous 
substance, which was scparsitod somewhat uniformly through tho mass, and appearccl 
also to consist of iron phosphide. A still better result was obtained by fusing 1800 
grams of soft iron, 170 nickel, 60 iron phosphide, 40 iron monosulphido, and 20 cast 
iron rich in silicon. An iron containing iron phosphide and nickel, and simiki 
in structure and composition to meteoric iron, sepnriited on fusing olivin, Iherzo- 
iite, hypersthenc, basalt, melaphyro, and sorpontino in a plumbago crucible ; any 
cliromium present in these minerals also passed into the rogulus. 

Daubreo has also studied the analogies which exist between inotcoiitcB and rocks of 
tho oliviu family, and show themselves most distinctly in tho structure of the fused 
rock. TJiose rocks, like tho meteorites, exhibit indications of cleavage-planes in Uio 
form of fine, sharply-drawn str.iight lines bet^Yoon irrognlar furrows ; they also, like 
the meteorites, exnibit needles of enstatite ; they have partly the graniilar consistence 
of tho chondrites, and if they have been fused in a plumbago crucible, they assume, 
when two pieces are rubbed together, the same graphitic lustre that motoorilos exhibit 
on friction surfaces, duo in fact to the t^turatod powder of the imbedded metallic iron. 
The essential dif^ronco between tho two consists in this, that in tho terrestrial rocks 
all the constituents are combined "with oxygen, whereas in tho meteorites some of the 
ftonstituonta are present in the unoxidised state. 

From all these facts Bauljreo infers that motoorites have been brought to tho stoto 
in which they fall to tho oartli, either by x)artial reduction of a rock of the olivin 
family, or by partial oxidation of metallic and metalloidal elemente of the same rock, 
not originally combined with oxygen. He has tested tho admissibility of both tlieso 
hypotheses— of which ho seems to profor tho second — by further synthetical expori- 
ments. When olivin, Iherzolito, or pyroxene, is heated to redness in a Btroam of 
hydrogen, tho ferrous oxido contained in it is reduced, and tho ferric phosphate is con- 
vorted into iron phosphide. As meleoritcs, for tho most part, do not contain carbon, 
it appears most probable that any rednetion tliat may hairo taken place is due to 
hydrogen ; the water resulting from it might, in consequence of tlie small sise of '.the 
fragments, bo volatilised. In corroboration of tho socoud hypothesis tlie following 
experiments are adduced. Silicide of iron, imbedded in magnesia, and exposed for a 
quarter of an hour in an imperfectly closed crucible to tlie heat of a powerful gas- 
furnace, yielded granules of soft iron retaining only traces of silicon, and a fused mag- 
nosio^ferrous silicate, in tho cavitios of which octohedral crystals of olivin could be 
' recognised. A mixture of 10 pirts nickeliferous iron (containing 9 p.c. nickel)i 1 part 
iron phosphide, 1 part iron monosulphide, 43 parts silica, and 57 parts magnesia, gav®» 
when treated in like manner, a ferruginous olivin (free from nickel and phosphorus^ 
partly crystallised in tables, and a regulus in which the sulphur and phosphoi^ Y 
tho mixture were concentrated (tho phosphorus as phosphide of magnosium, mcxoii 


According to both tho preceding hypotheses, tho original material of the earth 
the planetary bodies which have yielded the meteorites must have been the same, 
thie olivin rol^, which differ so. remarkably from the rest in their basic 
thoir high specific gravity (up to 3-3), and, according to Daubr^e’s ft,! 

stitute, at certain depths, the chief constituent pf tho interior of tho 
regarded ^ the uuiversal slag of tho planetary system. In whatever 
may have, attained their present condition, their confused crystallisatign 
irregular form of the iron-granules contained in thorn, tend to shour 
ture «t which the changes in question took place could not have exceedea 
heat of . iron. In a mixture of Iherzolito and reduced iron fhsed at 
turo, Daubr^ found the sepaiato iron-granules completely rounded. 

The following observations throw fh^er light on the strnetursof ^ 
a polished plate of the meteoric iron of CUarcas or Caille is ismipC!^ Jh 
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ric siilphat^^i thore U first formed on the white ground a copper-coloured network 
f Schreihersite needles, and immediately afterwards each needle becomes surrounded 
iith a ring or oureolo of copper, sharply defined on the inner as well as on the outer 
ido. Scarcely have rio^s formed when the free parts of the surface likewise become 
coiU^ with copper. This latter deposit cannot be rubbed off, but it may bo removed 
L treatment witJi ammonia, and the surface of the meteoric iron then shows (still 
iiwro distinctly if the deposition of the copper bo interrupted ut the moment when the 
lilies appear, and the excess of the copper salt lie removed by washing with a largo 
quantity of water) a stnicturo essentially different from the Widmanstatt figures, and 
designated by Dniibree us the primary network {retscau de dqjart). TJio long parallel 
trilSant needles of schreiborsite, surrounded by the ring, may bo distinguished on the 
grey fine-grained ground mass (Daiibrde, Compt. rend. Ixiv. G85). 

To detormino whether, in a meteoric stone containing both silicates and mefcallifl 
portions, the iron is present a.s a coherent mass or in isolated grains, a fragment of 
till) stone licnted to redness may bo quenched in cold water (or, to prevent^ oxidation 
of the mctul) under mercury. In tliis manner llaubr^c lias found that Uio iron in the 
mctcurito of Sierra do Chaco is in separate grains, whereas that of Atacama forms a 
colicreiit muss intersected hy granules of silicate. In the moteoriti' of Eittcr.^run, 
on the other hand, both tho silicate and the iron arc coherent masses intcrgrowii with 
one anotlier {Compt, rend. Ixvi. 148). 

Classification. — Kammclsbcrg classifies tho constituents of meteorites as fol- 
lows: - 

1. Metallic bodies: Nickol-iron; whrcibcr.sito. 

2. Metallic sulphides : Oldhamitc, CaS ; iruilite, FeS ; magnetic pyrites, Fo^S®, 

3. Oxides'. HAagnetic iron oxide, Fc®0^ ; chromo-iron oxide, FoCr'O*. ‘ 

1. Silicates ; a. Bisilicates or Netasilicates : Fnstatitc, MgSiO“ ; broiizite, (Mg ; Fe) 
SiO"; augite (Mg; Ca)SiO*; and (Fe; Mg; (ki)SiO*. b. SingulosUicaies or OrtkoailU 
rates: Olivin, (31g; Fe)*SiO^; anorthito, CaAFSi“0“. 

To these must be added crystallised silica (tridymite ?) and carbon, partly combincfl 
partly in the form of graphite. 

Among tho augitic or rhombic bisilicates of meteorites, Rainmelsberg further dis- 
tinguishes MgiSiO* as enstatito, nMgSiO* + FeSiO* ns bronzite when n > .3, and as 
liypersthene when ?i < 3 (independently of admixtures of common to all the 
tlii’co ty^es), and ho infers, from a discussion of all tho available analyses, that enstatito 
is contained in the meteorites of Bishopvillo, liiisl i, and Deesa ; bronzito in those of 
lircilenlmch, Itittersgriin, Stoinbach, and 8ha1ka; uon-ferruginous nugito in tho 
lliisli stoiio ; ferruginous augite in those of Jouvonas, Stannorn, and Petersburg in 
Tennessee {Pogg. Ann. cxl. 311). 

A compreliunsivo memoir on metoorites and their relation to terrestrial rocks has 
Wn published by S. Meunier {Mouiteur Scientifiqiie [3], i. 97). Ho classifies metcor- 
Kes under forty-three types, the names of which are formed from thosn of the rcspec- 
tiro lociilitics with the suffix ' ite.* Many of those individual types exhibit a genetic 
connection ; thus ‘Hoosito’ (from Deesa in Chile) consists of a inettillie ground-mass 
of 'cnillite,’ enclosing fragments of a mineral identical with ^tadjerito’ (the stone 
which toll at Tadjora, near Selif, in 1867). Further, though the metallic part of 
ileesito is chemically identical with that of caillite, it i.s distinguished from the latter 
hy tho irregularity of its Widmanstatt fi^es, a property which may ho imparted to 
caillito by refusion. By less strong heating, numalite and chantonnito (iii. 980) may 
he converted into tadjeiito ; on tho other hand, the black crust of chantonnito consists 
ot tadjerite, a result which Meunier regards as related to tho heat of friction developed 
m eruption, 

foil compirison of a large numboi; of examples, Meuuior classifies his types as 


}■ meteorites (caillite). 

(deesite^^^^^ (cliantohnite) ; to which, also, belong the eruptive breccias 

3- M^ntorphic meteorites (tadjerite), 

■t^'ecciform non-erupiive meteorites (meteorite of St. Mesmin). 

^^gwd to tho analogies between meteorites and terrestrial rocks, Meunier 
serpentine to chantonnito and aumalite, and explains tho microscopical identity 
resemblance of tho three bodies on the supposition that chantonnito is 
pentin • (V the heat of friction of tho eruption), and thatsor- 

i'lst .-te 1 ^“'Wtonnite, strongly oxidised and hydrated, forming the outcrop of the veins, 
>'cs OA forms that of veins of copper pyrites. In Siort, he regards metoor- 

ior **?°P®r-soatod rocks of a star perfectly analogous in structure to the gmUi. 
"leunier^s speculations on the successive transitions of a star from its originally 


^tfeps 

lllKl 
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fluid state to a condition similar to that of the earth, afterwards to tliat of tlie moos 
ami its ultimate resolution into fragments like meteoric stones, wo must refer to the 
original paper ; see also /. C?iem. 1871, 1236. 

On the Metamorphosis of Meteorites, see further, Mennier {^CoTnpt, rend, Izxii. 462 
508, 641 ; Cl^m. Soc. J. [2], ix. 329 and 603-606). 

Grencral Vroperties and Proximate Constititents of IS/feteorio .Iron.^ 
Meunier {Ann. Chvn, Phys. [4], xvi. 19) distinguishes the following varieties of 
iiickol-iron : — 

1. Octibhehile, FeNi=, of sp. gr. 6-854, constituting the entire mass of the nieleoric 
iron of Octibbelia County, Mississippi. 

2. TrrnitCf Fo*Ni, sp. gr. 7'380, containing 86 p.c. iron, 14-0 nirkol, and a trace of 
cobalt ; from the meteoric iron of Caille {A^es nmritwies), 

3. PiessUe, Fo*®Ni, sp. gr. 7*850 (origin not stated). 

4. Katnacite, Fo“Ni, sp. gr. 7*652, containing 91*9 p.c. iron, 7*0 nickel, and a trace 

of cobalt; from the meteoric iron of Caille. Also containing 92-0 iron, .and 7*6 nickel 
from that of Charcas, in Mexico. _ _ 

Of iron carbide, Meunier distinguishes two varieties, viz.: Chahfpite^ CFe®, from 
the meteoric iron of Kaakornak in Greenland ; and Camphdlite^ with less carbon 
(I’oO p.c.), from that of Campbell County, Toiinessoe. 

To TrtnlUe Meunier assigns, contrary to ortlinary acceptation, the formula 
(Fe ; Ni)^S*, basing his conclusion on tho following analysis : — ■ 

Fo Nl Cii B 

< 1 . . . 59*01 0-14 trace 40 03 » 99-18 

b, . . 58-29 3 10 — 39-21 = 98*60 

a. From tho meteoric iron of Toluca ; h, from that of Charcas. 

For Schrdheraite ho gives tlio formula Fo*Ni*P, deduced from an analysis of sebrei- 
bC’Fsite from the Toluca iron : — 


Fe Nl Co 

Mg 

P 

Bp. gr. 

67*11 28'36 trace 

trace 

16-01 -1 100*47 

7*103 

In two grapihitea Meunier found : 

— 



0 

Fo 

Nl 

Sp.gr. 

a. . . 07*3 

2*4 

trace ■= 99-7 

1*716 

h, . . 08*0 

0-9 

sa 08*0 

1-309 

a. From the meteoric iron of Caille ; 6, from that of Charciis. 


Tho crust of the Toluca iron was found to con9i;st of — 


Fe^CP FeO 

NIO 

CoO 

Sp.gr. 

68-93 28-12 

2000 

trace ■■ 99*06 

4-89 


whence it appears to consist of nickeliforous magnetic iron oxide. 

Tho non-motallic granules are distinguished ns Uiose which belong to the metallic 
iron and those which belong to tho troilito. Botli kinds are indistinctly crystallised, 
the former from the iron of Tuczoii, in Mexico, have a sp. gr. of 3-36, and contain 
silica, ferric oxide, and magnesia. Meunier regards them ns byalosiderito. In the 
grains from the Caille and Charcas irons ho found only silica, and inclines to the 
opinion that they consist of quartz. ^ v 

With respect to tho gases enclosed in meteoric iron, Meunier was unable to flwMj- 
thing but atmospheric air, whereas Graham found hydrogen in the meteono iron ra 
Lenarto (1«^ Suppl. 636). Graham, however, remarks that, as Meunier madouao oi 
mercuric chloride to dissolve the iron, the hydrogen, from its metallic nature, 
give rise to a precipitation of mercuir ‘without evolution of hydrogen, and merely 
that Meunicris result cannot bo regarded as conclusive against the existence of nytuo- 
gen in the meteoric iron. , , . 

Tho WidmanstJitt figures are attributed by Meunier, not to ■cnreibersiw^ du 
txoi'lite, inasmuch os they aro developed by the action of fiised potarii as ww » J 
that of acids, whereas schreibersite is attacked by melting potash. . 

Meunier (dossifics meteoric irons according to tho predominance of Qi^c ®if;***. 
varieties of nickel-iron contained in tliem ; thus : — ^ ^ . 

i. Meteoric*iroii consisting exclusively or for tho most part of one 

1. Oetibbehite, FeNP, from Octibbriia. 

2. Teanite, Fe*Ni, from Tazewell. 

3. Kameunte, Fe“Ni, from Nelson. 

II. Mixtures of two nickel-irons 

4. Tlsntfe and ISTcmociife; from Caille. 

6. Tcrnifr and from Jewell hill. 

a. Tanite and Campbellite, from Campbell Caunty. 
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ni. Mixtures of three nickel-irons: — 

7. Tanilet KamaeUi, and Plessite, from Burlington. 

Kaininelsborg {Zeitwhr, ^log. Ges. xxii. 893; Jakresb.f, C'to.lSTO, 1395) objects 
to Mounier's conclusion that the iron sulphide of meteorites consists of magnetic 
pyrites, Be’S®. By a renewed analysis of troilite from the meteoric iron of Secltisgen, 

he obtained:— 

r Fo R 

0-18 62-24 1-90 35-68 =» 100. 

Peducting the nickel and phosplioriis, together with the corresponding quantity of 
iron, as schreibersite, there remains for the iron sulphide 61*97 p.c. iron to 38'03 
sulphur, giving the atomic projportion of Fe : S * 100 : 107, instead of 100 : 100. 
Nevertheless Rommelsberg is inclined, according to tlio analogy of the older analyses, 
i« admit the formula FeS; and the more so as he regards Meunior’s method of analysis, 
which led to the formula Fe^S^ as inadmissible. 

J. L. Smith (Si/i, Am, J, [2J, xlix. 331) directs attention to the general occurrence 
of cobalt and copper in meteoric iron, and is inclined to remird both these elements as 
eHsential constituents of it. Tin he has never found ; lejid only in the Tarapaca iron, 
its orcurronce in which is also mentioned by Greg {Jahresh. /. CJiem, 1855, 1027). 
Smith is, however, of opinion that the presence of the load must be attributed to. 
fusion-experiments^ which had been made with this iron with the view of obtaining 
noble metals from it. Pieces from the interior, free from cracks, contained no lead. 


The composition and physical character of the meteorites which had been most 
exactly investigated down to the year 1859, are given in voL iii. pp. 977-982. To 
describe the largo number which have been examined since tliat date would tako 
up more space than can bo devoted to the subjc'Ct in this volume (see Jahresh. f. 
Chem. 1860-1 87 !)• The following have been recently examined:— 

Meteorlo iron.— 1 . J. W. Mallet (8Ul, Am. J. [3], ii. 200) describes three masses 
of meteoric iron found in Augusta County, Virginia, weighing 56, 36, and 3| lbs. 

All three specimens proseutod the same general appearance. They were of a very 
irregular pear shape, one end of each mass being larger and more rounded than the 
other. On the exterior they were covere<l with a dark brown ci-ust, consisting osscii- 
tiiilly of hydrated ferric oxide, which varied from abont ono-oighth to ono-third of an 
inch in thickness. The mnsscs were of course magnetic, and on examination gave 
uridenco of feeble magnetic polarity, with multiple pules. The interior structure of 
tho iron was compact, and highly crystalline, of much the same general character 
throughout ; but a few small grains and streaks of a brownish-yellow mineral wei*o 
noticed, which on being picked out and examined, proved to be troilite. Minute 
fiBsurcs also were observed running through several portions of the metal, from which 
a watery liquid containing chlorine exuded. Traces of WidmansUittinn figures 
might bo detected upon a polished surface, even without the aid of an acid; and when 
tho iron had been etch^ with nitric acid, tlie markings became very distinct 
and beautiful. In all threo specimens, upon tho prindpai cut surfaces, narrow, well 
defined bands of alternate nickol-iron and schreibersite wore visible, the alternations 
BomotimoB running parallel, but more often intersecting each other at angles of 60®, 
90®, or 120°. 

The iron was not passive, but very easily rendered so by nitric acid. 

The following are the results of analysis, Bo. 1 representing tlie largest, and Bo. 3 
the smallest spedmen : — 


Specific gravity at 16® C. 

, 

, 

No.l 

7-853 

No. 3 
7-856 

No. 3 
7-839 

Iron . 

Nickel 




88-706 

88-365 

89-007 




10-163 

10-242 

9-964 

Cobalt 




-396 

•428 

•387 

ttpper . 




•003 

■004 

•003 

Tin , 
Manganese 




•002 

•002 

-003 




trace 


trace 

Phosphorus 

Sulphur 




•311 

•362 

•375 




•019 

*008 

•026 

Chlorine . 




•003 

-002 

•004 

Carbon 




•172 

•185 

-122 

Silica , 




•067 

•061 

‘056 





09-872 

90-059 

99-947 
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Each specimen contained a small quantity oi tin, a metal which has been add 
seldom or never to accompany meteoric iron. The chlorine is probably not aq essen- 
tial constituent of the original masses, but has been derived from the soil in wliidi 
the iron has lain imbedded. No chlorine could be detected in a specially selectod 
solid piece, of some 50 grams weight, taken from a part of No. 1 destitute of fissures 
and flaws. 

The siliceous residue, although returned as silicic acid, appeared npou examination 
to have existed piiitly in combination as silicide of iron. 

Cuttings of this iron, heated in a porcelain tube connected with a Sprengcl pump 
gave off gas having the following composition : — 

H CO CO“ N 

S5-8S 38*33 &>75 1G'09 « 100 

12‘1'50 grams of the iron having a volume of ]5'87 c.c. yielded 36*33 c.c. of gas at 
0® C. and 760 mm. in 14 J hours, the greater portion being given off in the first 
hours. “ 

The proportion of hydrogen in the Virginia iron is much less than in that of Loiiarto 
analysed by Graham (Is^ SuppL 636), and that of carbon monoxide much greater. 
Oralium's analysis of the Lenarto iron shows no carbon dioxide (Mallet, Proc. Ihy 
Soc. XX. 365). 

2. Meteoric iron froni Trmton^ Washington Co., Wisconsin, has been analysed by 
J. L. Smith {Jahresh, f, Min, 1871, 178), and from the desert of Atacama by £. 
Ludwig (Wien. Acad. Ber. Ixiii. [2], 323) — 



Fc 

Nc 

Co 

Cn 

P 

InRolublc 

Wisconsin 

91*03 

7*20 

0*53 

trace 

0*14 

0*43 - 99-35 

Atacama 

91*53 

7*14 

0*41 

trace 

0*15 

— « 99*53 


The Wisconsin iron is in several masses, the largest of which is 14 inches long, 8 
inches bimd, 4 inches thick, and weighs 62 lbs. Rp. gr. =* 7’82. The Atacama 
specimens are polished on tho surface, quite free from oxide, and dissolve without 
residue in warm nitric acid. One of the smaller fragments was found to contain a 
very small quantity of sulphur, 

3. C. U. Shepard (SUL Am. J. [31, iii. 438) describes meteoric iron from El Dorado 
Co., California. Tho mass, weighing 85 lbs., was found iti a field ; its surfvee 
shows the indentations common to these bodies, the crust or coating being slightly 
oxidised. Turnings tikcn from it exliibit a sp. gr. of 7*80, which is perhaps a littlo 
above that of tho mass, 

Tlie fragments examined were free from sulphur. A single analysis made on a 
gram of material gavo 88*02 p.c.*iron, 8*88 nickel, and 3*50 insoluble matter consisting 
bf a mixture of ferrous and ferric oxides, with many silvery particles of supposed 
nfttallic phosphides (schcciborsito). 

4. Meteoric Iron from Greenland . — ^This iron, described by Nordenskiold (Deut. 
Ghent. Gee. Ber, iv. 987), was found by tho Swedish expeditibn of 1871 on the sea* 
shore at Ovifuk near Disco Bay, at the foot of a basalt mountain, in three msscs, 
weighing 300, 200, and 100 centners, together with several smaller pieces. It is very 
hard, crystalline, and brittle, but when moved to a warmer climate, weathers very rapidly 
and crumbles to a coarse-grained powder. 

Metallic iron is also found in tho solid basalt near the locality of the loose blocks, 
and on the other hand many of these loose masses are partly encrusted with rock of 
the same character as tho neighbouring basalt, a circumstance which seems to indicate 
that the loose blocks also originally belonged to the basalt. The composition of the 
loose and imbedded masses is likewise consistent with the supposition of a community 
of origin, as tho following analyses will show 7 — 

a. One of tho larger blocks, analysed by Nordenskiold ; 5. One of the smaller l^e 
masses, analysed by Nordstrom ; c. Iron from a vein in the basalt, analysed by Lind- 
strom. 

All the three samples contain nickel. Tho unusually large, though varyihg]Mn0uirt 
of carbon is also common to them all ; so likewise is the considerable prqpd^onox 
chlorine, which shows itself during the weathering of the iron by the exadjatjon^ 
watery drops of iron chloride. The Widmanstatt and Setven figures are most dis6w» 
in the iron from tlio basalt. 
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a 

b 

e 

Iron 


84*49 

86*34 

93‘24 

Nickel . 


2*48 

1*64 

1*24 

Cobalt . 


007 

0*35 

0*66 

Copper 


0*27 

01 9 

0*19 

Alumina . 


tr.'ieo 

0*24 

— 

Lime ^ . 


— 

0*48 



Magnesia 


0*04 

0*29 

trace 

Potash . 


trace 

0*07 

008 

Soda 


— 

0*14 

0*12 

Phosphorus . 


0-20 

0*07 

0*03 

Sulphur . 


1*52 

0*22 

1*21 

Chlorine . 


0*72 

1*16 

0*16 

Silica 


trace 

6*66 

0*69 

„ undissolved 


0*05 

4*37 


Carbon, organic matters, ) 
oxygen, and loss . $ 

10*16 

.3*71 

iC 2*30 
}ll 0*07 



100*00 

105*93 

99*79 


Vrom this commiinitjr of character it might perhaps bo inferred that the whole con- 
(iisis of native metallic iron. The discoverer, however, is more inclined to regard it as 
(lut! to a fall of meteorites at a very remote epoch, before tlie volcanic ashes had 
harflrnod into the existing basalt. The decided meteoric shape of the masses, their 
porosity, and the presence of organic matter — circumstances which c.annot well be re- 
conciled with the supposition that the iron has been ejected from the interior of the 
enrlh in a state of igneous fusion — togetlior with the presence of nickel, &c., all 
jifford evidence of meteoric origin (Nordcnskibld). 

Near tlio large iron masses above described other iron was found in grains and 
fiphcrular masses ; also a vein of the metiil several inches wide and some feet in length, 
cnejosod in a rock which is apparently trap, but shows a marked difference in com- 
position from the basalt-brcccia from which it protrudes. The metal of this vein, whicli 
has been examined by Wohlor (Ann, Ch. Pharm. clxii. 247), resembles grey cast iron ; 
it has a bright lustre, is very hard, quite unalterable in air, and has a specific gravity 
of 0*82. Nordenskiold obtained gas from the metal of the larger masses by heating 
them; Wohler finds that the iron of tho vein evolves more tlian 100 times its 
voliiuici of a gas which burns witli a palo blue fiame, and consists of carbon mon- 
oxide mixed with a little dioxide. Tho *iron,* in fact, contains a considernble amount 
of carbon and a compound of oxygen, and has evidently not been at any time exposed 
to a high temperature. _ By heating, the iron becomes brighter in appearance, and 
though more soluble in acid, still leaves a carbonaceous residue. A fragment 
heated in hydrogen lost however 11 '09 p.c., or, in other words, was shown to contain 
that amount of oxygon. Hydrochloric acid acts but slowly and partially on this 
itietal, evolving sulpliurettcd hydrogen and then hydrogen having tho odour of a hydni- 
carljoii, and leaves a black granular magnetic powder which, though insoluble in acid 
when cold, generates, on tho application of heat, a gas with a strong odour of a 
hydrocarbon, and leaves a residue of amoiphous sooty carbon and slightly lustrous 
pfiphiiic pjirticles. lu ferric chloride tlie ‘iron’ dissolves without evolution of gas, 
leaving about 30 p.c. of a black residue which, after liaving been dried at 200®, loses 
hy subsequent ignition in hydrogen 19 p.c. of its weight, water being formed. This 
lesidue is very readily attacked by acid, evolves sulphuretted hydrogen, and leaves a 
nearly pure carbon in powder and graphitic scales. Ferric chloride and hydrogen 
uorido appear, therefore, to remove the free metal only, and to be without action on 
iw compounds with sulphur and oxygen. The * iron ’ has tlio fi^lowiug ultimate 

composition : — 


Iron 

8064 

Thee 


Nickel 

119 


Cobalt 

0-49 


Phosphonu 

015 


Sulphur 

2*82 


Carbon 

3*69 


Oxygen 

11*09 


10007 


which constitutes so considerable a part of an apparently metallic mass 
\gnt bo regarded as pnsent in the form of a diferrous oxide, Fe®0, were it not that 
provides no iron for combination with sulphur and carbon. As Norden- 
vhl* 1 Fe*0^in other Ovifak irons, Wohler regards the iron compound 

bo 40 . veins as an intimate mixture of magnetite, of which there would 
nick 1 metallic iron, its sulphide, carbide, and phosphide, its alloys with 

chan^^ 1 carbon in isolated particles. Tho latter undergoes no 

g® when the magnetite and carbide, by the action of heat, generate carbonic oxide. 
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Meteorie flcoiies. i. The Heade Meteorites, A remarkable fall of meteorie 
stones, which took place on January I, 1860,at Aerno near Hessle on the lUSlarLake 
in Sweden, is recorded by Kaidinger (Wien, Acad, Ber. lix. [2], 224). These stones’ 
somo of which were twico the size of the iist, were spread over a tract of countiv ]6 
km. long and 5 km. broad. They have been analysed by A. E. Kordenskiold d^a 
Ann, crli. 205). Their weight varies from 0'07 gram to 1791 grama, and 
specific gravity from 3'671 to 4*004. Some of them which fell on ice or snow 
crumbled to a black-brown powder, which contained, together with a few magnotic 
particles, 4*3 p.c. water (at 110°) and glowed when heated, giving off a small quantity 
of a brown distillation-product and leaving a red-brown poT^er. The analysis of this 
powder gave, together with traces of lithiu — 

C U O SiO^ FeO MgO CaO Na“0 

61*G 3*8 lG-7 10-7 8*4 1*6 08 1*5 - 100 

Theso stones aro encrusted, black on the outside, grey within, porous, and adlioro to 
tho tongue. They are composed of silicates and metallic grains bound together by a 
whitish-grey porous mass. ^ ‘ 

. ( 1.) Total Anali/sis. — a (Lindstroin). Stouo from Hosslc ; b and c (Nordenskicld). b 
found in tho ice between Arno and Hessle, c at Amo. 

(2.) Silicate of la, analysed by Lindstrom : a. After digestion with mercuric chlorido. 
b, Afier soparution of the magnetic particles. 

^3.) Nickel-iron, a. The portion dissolved in mercuric chloride from analysis I, after 
deduction of a portion of iron which binds tho S to EoS (Lindstrom). b from 16 ; c 
from Ic (Nordonskiold). Tho analj-scs lead to the formula Fo^Ni. ’ 

(4.) Portion of tho silicate of la, which is soluble in strong hydrochloric acid; 
48*67 p.c. of the total quantity of silicate after deduction of FeS (Lindstrom). 

(5.) Insoluble portion after deduction of 1*90 p.c. cliromiferous residue undecompo- 
sible by hydrofluoric acid (Lindstrom). 

(6.) Analysis of the spherules which make up the chief mass of the Balingsta stone, 
after deduction of nickel-iron and ferrous sulphide (Nortlenskiold). 

(7.) Powder of the stone obtained by pressure between tho fingers and sifting through 
a thick cloth, alter deduction of the magnetic particles and ferrous sulphide; a and 6, 
total analysis ; c, undissolved matter (42*8 p.c.) ; d, dissolved (56*2 p.c.) (Nordonskiold). 

The proximate constituents of tho Hessle meteorites are, according to Nordonskiold, 
20 p.c. nickel-iron (Fe^Ni), small quantities of schreibersite, chrome-iron, troilite, and 
carbonaceous matter, 10 p.c. labradorito and anortbite, 37 p.c. olivin, and 23 p.c. 
shepardite, tlie last two not separately recognisable. 

2. Meteorite of Jbbenbuhren^ Westphalia. — This meteorite foil on Juno 17» 1870. Its 
fall was witnessed by a peasant, who two days afterwards found it buried in a path- 
way, 27 inohos below the surface. Before reaching the ground, one end of tlio stono 
had split off, and a fragment of tho detached portion, weighing 80 grams, was found 
some 300 yards away. 

The general form of the meteorite is that of a flattened spheroid. Its dimensions are : 
length, 0*126 ; breadth, 0*112 ; thickness, 0*093 meter; probable length before frac- 
ture, 0*180 meter. The exterior of the stone consists of a black layer, scarcely 0*1 mm. 
thick; which is not smooth and even, but covered with a number of extremely fine 
fused granulations. When examined with a magnifying glass, tlio surface exhibit 
innumerable branching cracks, which penetrate into the interior of the stone, and 
filled with the fused mass of the exterior. Inside, tho meteorite is much lig hter in 
colour than meteorites generally. It consists of a greyish-white mass, interspew 
with a very largo numl^r of irregularly distributed crystalline grannies of. a ligw 
yellowish-greon colour, some imperceptibly small, others of considerable stsey And 
mostly sevonil millimeters in length. These crystals belong to the rhombic 
but it has not been found possible to determine their exact form. Their mean sp. gt- 
is 3*426, An analysis of thorn gave the following result : — 

fllO* PeO MnO MgO CoO AlHP 

64-61 17*53 0*29 26*43 1*04 1-26 « 101*06* 

showing that tho crystals aro bronzite, -with a large proportion of iron. • ^ 

The mass of the meteorite, in which the crystals aro embedded, is 
white or light grey, and very brittle. Its sp. gr. is 3*404. Ofirp ahalysei ^ 
that it is almost iaentical in composition wiw tho crystals of bMidie contajij ^> y „ 
The Ibbenbfihren meteorite is remarkable for the sitepUdt^ tff ite 
consisting almost entirely of a single silicate, bronzite. It containa- 
ihm ore, whidi is ahne^ always present in meteorites, and^no ttaee of 
compound. Traces of metalhc icon, however, appear to be present, 
distiiictly attracted by tho Asgnet, a portion of the ferrous of W 
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haying been converted into magnetic oxide by the combined action of the oxy^ of 
the air and a high temperature. At present only three other meteorites of similar 
constitution are known : the Chassigny meteorite, consisting of olivin ; ^e Bishops* 
ville, of enstatite ; and that which fell at Manogaum, in Hindostan, in .1843, and 
consistSi like the present, almost entirely of bronzite (G. vom Bath, Ann, cxlvi, 
463). 

3. Meteonte frmti Bandong, JTflwr.— This stone, weighing 2,240 grams, fell, with five 
others, on December 10, 1871. It is an irrcgnlar rounded fragment, of sp. gr. 3-619, 
with a dull blackish surface, presenting numerous spherical indentetions. The fracturo 
shows a pale grey stony matrix of silicates, in which are distingui^ed metallic grains 
of three different kinds. The first, of an iron-grey colour, consist of nickel-iron; 
others, of a bronze-yellow colour and iridescent, are iron sulphide ; and a third kind, 
black and insoluble in hydrochloric acid, consists of chromic iron. Under the micro- 
scope a thin section of the matrix is crystalline and transparent. 

Analysis gave the following results : — 


Soluble in Hydrochloric Acidt 60-17 p^c. 

S Pg Ni Co MnO PeO SIgO CaO K*0 Na“0 A1"0‘ BiO’ 

2-13 4-96 103 014 0*12 16-87 12-81 0 30 0*89 0-70 1;43 17'25 


68*62 


Chminc- 
iron MnO 
4*41 trace 


Insoluble in Hydrochloric Acid^ 39*83 •p.c. 


4-30 


MgO 

0-43 


CaO 

0-76 


K»0 

0-18 


Hence the meteorite appears to consist of — 


Iron 

Nickcl-iron sulphide 
2-81 6*44 


Chrome-iron. 

<iro 

4-41 


Poridotc 

47-26 


Nii=0 

1-49 


Augito 

20-08 


Al-0“ 

2*53 


BiO* 

20-40 -> 39*50 


98*12 


Felspathic 

mineral 

17*00 « 97*90 


(Daubr^e, Compt, rend. Ixxv. 1676). 

Meteorite of Lodran, near Moultnn in India: October 1, 1868. (G. Tschermak, 
haalMnn. cxl. 321). This partially cncnisted stone is a very distinct mixture of 
n, olivin, bronzite, magnetic pyrites, and chromo-iron. The nickel-irun 


Fg 

86-44 


Ni 

12-79 


MgO 

0*25 


RcBiduo 

0*81 


99-29 


The olivin (A) and bronzite (B) have been examined ciystollopraphically by V. v. 
Ijang. The former, -which is of a blue or bluish-grey colour, is fringed on its cracks 
with mineral dendrites, probably proceeding from chromo-iron, as indicated by tno 
analysis. The olivin substance contains 82 p.c. magnesium silicate to 18 p-c. imn 
silicate. The green or yellow-grocii bronzite exhibits three kinds of microwopic im- 
bedded crystals, besides capillary bodies, apparently consisting of felspar and 
iron. The composition answers to 78 p.c. magnesium silicate to 22 p.c. iron silicate. 

PcO MgO CaO 

13*35 46-01 — « 100*30 

12-13 32-86 0*68 - lOlpl 


SiO* 

40*14 

55*35 


APO* 


Cr*0* 
— 0 60 
0*60 — 


Sp. gr. of A — 3*307 ; of B 


0*68 

3*313 


The ferrous sulphide does not exhibit crystalline forms, but in the chr^^ entirB 
forms 0, ooO and 303 are recognisable. An approximate j-ou 

mass gave 32-5 p.c. nickel-iron, 28-9 olivin, 31*2 bronzite, with n little eftro 
and anorthito (?) and 7*4 magnetic pyrites. 

6. Meteorite of Shalka, in Bengal , — ^This meteorite, which fell on / 

1860, is, according to G. Bose (Pogg^ Ann, exxiv. 193), a flne-giaini^ ”***^Sfk ^ted 
green olivin with a white silicate, and isolated granules of chioine-iroB. 
with a dull blackish-brown crust. Bamraelsberg (ibid. cxli. 276) finds 
may bo separated by lovigation into a lighter (A) and a heavier portion 


may bo separated by lovigation into a lighter (A) and a heavier , 
former by the action of acid into axlescomposible portion (a) and an iin< 
portion (6). 


B. 


a 

b 


8iO« . 

FcO 

UgQ . 

dsO. 

Na<0 

3*84 

3*01 

8-17 

trace 

— 

66-56 

16*63 

77-73 

0*09 

0-92 

62*26 

20*02 

2696 

1*08 

— ■ 


2-n 

0-88 

0*78 
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From the«e numbers the proximate constituents, independently oi the chrome-irou, 
rmy be calculated as 

A B 

Bronaito 88*67 83-9 

Olivin 11-33 16*1 

This analysis confirms G. Bose’s conclusion as to the existence of two silicates .in 
tlio moteorito. 

6. The meteorite of Goalpara, in Assam, of unknown date, has the appearance of a 
fcxirse-grained olivin, of dark grey colour, and consists of 8-49 p.o. metallic iron, 0*85 
hydrocarbon, 01-72 olivin, and 30 01 onstatito (Tschermak a, Teclu, Wien. Akad. Ber. 
hii. [2], 852, 856). 

7. The meteorite of Bwsti, in India, contains globules of calcium sulphido and small 
goldon-yellow octohedrons called osbornite, apparently consisting of an oxysiilphido 
of titanium and calcium; those, together wth the calcium sulpliido, are imbedded in 
angiti! (Mnskolyne a. Flight, Proc. Roy. Soc.) 

8. TIio inotoorito which fell at JCfieiree^ liajputana, has been analysed byD* Waldie 
[Chem. NewSt xxi, 278). It cxliibits light and dark grey portions, partly arranged in 
Lay(!rs, partly forming small splieniles which aro difficult to separate from ono another. 
Sp. gr. 3-6 12-3 -81 8. It consists of nickel-iron (A), troilite, Fo^S“, and Bchroibersito (B), 
soluble silicates (C), and insoluble silicates (D) : — 




Fe 

16-98 

3-34 

Ni 

1-26 

Co 

0-21 

Cr 

010 

S 

1-76 

P 

0-12 

=> 18*66 
= 6-22 

SIO* 

Al»0» 

Cr“0* 

PeO 

MgO 

CaO 

Na»0 

X* 


10-73 

0-41 

— 

7-61 

13*76 

068 

0-09 

2-00 

= 36-18 

24-44 

1-36 

0-40 

3*66 

10-04 

1-69 

0-78t 


= 42-36 

101-31 


9. A metoorito which fell in Stewart €h., Georgia^ on October 6, 1869, has been 
examined by J. J). Willet (Sill. Am. [2], xl. 331). Its fall was accompanied by 
seven explosions, and the stone immediately after its fall was found buried |p the 
doptli of al)out a foot, and not sensibly hot. It was coated, excepting on a fo^ 
portions, with a black crust of the thickness of paper. It had the form of an in 
cone, .nnd weighed about 365 grams. Tho surface, when freed from the blacL 
v.is grey and studded with groon spherules of fibrous structure, tho fibres, liomw, 
radiating, not from the centre of the spherule, but from a point on its surface; l»^K^ii 
tlieso were wliitisli grains, dark particles, and spots of chromo-iron. Tho 
analysis by J. L. Smith showed tliat the stone consists of : — 


Nickel-iron • , . 

Ferrous sulphido . 
Bronzito or hornblende 
Olivin ... I 

Albito or oligoclaso I* 

Chrome iron • J 


7-00 

610 

86-90 


The mckel-iron contains 86-92 p.c. Fe, 12*01 nickel, and 0*76 cobalt. 

10. MeteoHie of Tjvhe, India . — This meteorite fell on December 9, 1869. Nino 
Jours after its fall it was stiU too hot to bo touched by the hands; It weighed 10 
«l<^am8 and had a specific gravity of 3-496. A portion (14 p.c.) was separable by 
ino magnet and had a specific gravity of 6-8 at 16°. The ratio of nickel to iron in 
no magnetic portion was 1 : 16. The siliceous portion gave by analysis:^ 

iiisol. in 


_ Na*0 

nni ” with trnco 

nu BulpbWo 81Q* .MgO. Pop gaO .ofK-0 Al*0* MnO NIO 

u0l4 3-71 14-06 16-40. 12-Ql 0.-74 0*32 0*22 0*30 trace 


98-79 


of Tadjera . — ^This stone, whidi foil on Juno 6, 1867, at Tadjera, near 
deco . Seria, rontains, according to Meunicr (Ann, Ch,Fhya. [4], vii. 6), 64*64 p.c. 

silicates, 28 80 undecomposiblo silicates, 0*20 chrome-iron ore, 8*04 

5 p ' of BanviUe tn Alabama . — A number of stones fell fn this locality at 

^^^s^ber 27, 1868. -The one examined had the usual black crust, was of a 
sud ? V ^ ^ A^ly-brdkon surface, and somewhat oolitic in its struiiture. Troilito 
ickeliferous iron were easily recognisable, and another mineral was observed 

Sut^ ^ Bolutlon of separated t ‘ With traces of KH). 
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which WAS i^bably enctatite. Tho apeeifie gravity of the etone is 8*808; The im 
has the following composition 

FS Ni Co p s 

89*813 0*050 0*521 0*019 0*105 « 90*208 

The troilite consists of 61*11 iron and 39*56 sulphur (» 100*67). 

stony portion of this meteorite is made up of 60*88 p.c. soluble, and 39*12 pc 
insolublo silicate, the latter being thus composed 

BUCy APO* PeO Mso CaO 

50*08 4*11 19‘85 20*14 3*90 » 98*08 

These numbers denote a mineral of the augito group. Tho analysis of the soluble 
portion (in which were fouhd silica 45*90, magnesia 26*52, iron protoxide 23*61 
alumina 1*78, and lime 2*31) yielded numbers corresponding with the constitution of 
an olivin (J, Lawrence Smith, Jahrbueh,/. Mineralogie, 1871, 82). 

13. Franklin Meteorite, — Thisstono fell four miles from Frankfort, in Franklin 
county, Alabama, on December 5, 1868. It weighed 1 lb. 9j oz., and has a moan 
spocinc gtevity BsS'Sl. It contains: — 

Iron Chromium 

SIO" A1"0* oxido oxido MgO CnO K»0 Na“0 S 

^ 51*33 8*05 13*70 0*42 17*59 7*03 0*22 0*45 0*23 «= 98*02 

with a trace of nickeliforous iron. 

Tho chromium oxido corresponds with 0*62 p.c. chromite, tho sulphur with 0*63 p.c. 
troilite. This stone belongs to tho class to which 6. Dose has given the name of 
Howarditet and resembles in its physical character tho meteorite of Petersburg, Ton- 
nessee (G. J. Brush, ibid, 178). 

14. Meteorite of ^aremont. Maim. — ^The original mass of this meteoric stone would 
appear to have presented an oval siib-conical outline, tho exterior being covered with a 
thick crust of at least one* sixteenth of an inch in thickness. Its colour is bluish* white, 
and remarkably uniform, but it is slightly stained in one or two places with ferric oiicle. 
Hore than one-half of the meteovito is composed of small, rounded, translucent grains, 
vitreous in lustre, and rarely exceeding a mustard-seed in size. Between those, 
ai^ often partially coating them, is a fine-^ined white, or greyish-white minoml, 
whid is supposed to bo chlndnito ; it constitutes about one-fourth of tho stone, is 
without visible crystalline structuro, and rather loosely cohorout. Minute points of 
bright meteoric iron are very thickly senttorod throughout the mass, and a few pains 
of troilite are visible. In one spot only a peculiar blackish substance of small dimen- 
sions was noticed, which, on being touched with tho point of a knife, was found to be 
■oft, and to leave a bright metallic streak ; it was probably a plumljaginousagpegate. 

In appearance, especially in the well marked character of its granules, this stone 
closely resembles the Ausstim (Franco) meteorite of December 1858, while in the 
thickness and general cliaractcr of tho crust it also corresponds with the celebrated 
Mauerkiichcn st^ne of 1768. 

It was analysed by J. L. Smith, with the following results : sp. gr, 3*701 ; stony 
matter, 85*38 p.c.; niekoliforous' iron, 14*62 p.c. The iron yields: iron, 90*02; 
nickel. 9*05 ; cobalt, 0*43. The stony portion, treated with a mixture of hydrochlonc 
and nitric acids, gave : 52*3 p.c. soluble in acid, and 47*7 in^lnblo. ^ 

..Both the soluble and insoluble portions consisted essentially of doable silicates m 
iron and magnesium, the soluble part being classed as an olivin, while the insoluble 
was conside^ to be either bronzite or enstatito. 

The proximate composition of the stone would thoTofore be 

Nickeliferous iron • . . . ,14*68 

Magnetic pyrites . . • . . . 3*06 

Olivin 48*04 . 

Bronzite, with a little orthoclase and chiome-iiou 89^7 > 

(0. U. Shepard, m. Am, J, [3], 183, 2D0). 

16. A meteorite which fell at A<^re,. in the county of Idnoriehr.iA 
analysed by B. A. Apjohn {Chem. Soc. J, 12], xii. 104). It cohriebS-tf 
trix in which are imbedded numerous small, shining, metaflie .WMftScte-. - 
dark-coloured and has a Ihsed appeaxance, Sp. gr. m S*94i i. Its: dmUM 
tionis: . ^ 
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Nickol-iron . . . . H)*07 

Magnetic pyrites . . 6'61 

Cfarome-iron .... 1'75 

SJoliiblo silicate . . . . 86*44 

Insoluble silicate . . . 37*07 


90*87 

Tho metallic portion consists of 86*120 p.G. iron, 14*276 nickel, 0*602 cobalt, with a 
trace of phosphorus. 

The composition of the soluble silicate (A) and insoluble silicate (B) is os 

follows 


SiO» 

A1"0* 

FcO 

MnO 

GaO 

HgO 

Na“0 

K»0 

P»0* 


42-91 

2*36 

16*93 

6-26 

6*34 

24*32 

0*20 

0*02 

— ss 

98*42 

59-48 

3*24 

7*04 

8*84 

4*62 

13*17 

1*86 

0*30 

trace 

99*46 


This meteorite is especially interesting as containing also a small quantity of vana- 
dium, aifortling indeed the first instanco iu which tlmt element has been d&overedin 
a iMCtouric stone. 

METBBlTTXi-BXAMXiyBS. When orthoformic ether and acetamide aro heated 
together in sealed tubes to 180^ cubic crystals are formed consisting of methenyl- 
fNH(C*H»0) ((cnr 

diacetyl-diamino, CH{ , or N*-](C*I1*0)*. Thoir formation may be 


diacetyl-diamino, CH{ , or N*^(C*Ii*0)*. Thoir formation may be 

l[N(C*IPO)]“ Ih 

representod by the equation— 

CH(OC>H*)> + 2C*H*ONIP = 3C»H»OH + 

Hesides these products, there aro formed ethyl acetate and amidomethenylimide, 


Y», or mothenyl-diamine N* 




which latter, remains in solution, but 


has not yet been obtained in the free state. Its hydrochloride has the composition 
CN'lP/ilTCl ; the platiuochlorido is CN^H*.2HCl.Pt01*. Metlienyl-diacetyl-diamine 
heated with water is converted into the acetate of mothonyl-diamine— 

CN«H*{eH»0)* + 2IPO CN»H*(C»H^O*)* 


(Wichclhaus, l}eut, Chem, Ges, Ber, iii. 2), • 

MBTBT& A&GOBOXi, CH^O. On the formation of methyl alcohol by reduction 
of formic acid, see Fonuic Acid (p. 633). 

Testing and Estimatimu — Methyl alcohol does not give Lieben’s iodoform reaction' 
vitli iodinerand potash (1«^ Sufpl. 603 ; 2nd Suppl. 674), and may therefore oosilv be ^ 
tosted, by moans of tliis reaction, for ethyl alcohol, acetone, and other compounds which 
yield iodoform w’hon thus treated (Lieben). 

Tho proportion of methyl alcohol iu commercial wood-spirit may be estimated os 
follows A dry flask holding 100 c,c., and containing 30 grams of phosphorus di-iodide, 
w closed witlua double-perforated stopper (best of glass) provided with a small tap- 
buretto in which. 6 c.c. of tho wood-spirit, measured at 16®, are placed. In the other 
hole a condensing-tube, bent at an obtuse angle, is fitted. Tho wood-spirit is then 
added drop by drop, and when all is introduced, the flask is heated for five minutes in 
boiling water, and then inclined, to distil off tho methyl iodide. The receiver consists 
tube holding 26 c.c., the lower end being narrowed and calibrated. When 
ibo distillation is flnished, the condenser is rinsed out with water, the receiver filled 
J . water to the mark, and after the contents have been well shaken, the volume of 
is road off. As 6 c.c. of pure methyl alcohol yield under these conditions 
the quantity of the alcohol in the wood-spirit can be found by a 
ftU V If the wood-spirit contains methyl acetate, this compound will 

^ be converted into tiio iodide; but in the valuation of wood-spirit for ^ 
wJk j of aniline-coloun, whidi is the chief olgoct of tho proc^ hei» de*- 
arising ftom this substance may be neglected, heca^ italro fomii 
ylat^ anilines ; moreover its quantity can be easily determined ^ 

"^■spint with standard so^, and finding the quantity used jf, *faiifl^ 

• Acetone yields, under the al^e conStions, only a fisw drops of a dbtilUito which 
^ 8»2 
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ii soluble in water, and the other impurities are converted into rednous bodidci 
(G. Krell, JkuU Chem, Gea, Ber, vi. 1310). 

Mixtures of Methyl Alcohol and Water , — The specific heats, heat of combi- 
nation, boiling point, capillaritj, expansion by heat, and compressibility of mixtures 
of methyl alcohol nnd water in various proportions have been determined by A ButiWL 
(IVuc. i^cy. 5^. XX. 386). ^ 


i^Mcyio Heats. 


Weight per cent, of 
Methyl Alcohol 

Speolflo Heat referred to Water m lOO 

DUEeronoo 

Found 

Calculated 

10 

98-682 

95-832 

‘ + 2-760 

20 

96-014 

91-066 

4-249 

30 

92-668 

87-497 

6-161 

40 

89-219 

83-330 

5-889 

60 

84-646 

79-162 

6-483 

60 

80-177 

74-995 

6-182 

70 

75-600 

70-827 

4-673 

80 

69-999 

66-660 

3-339 

90 

64-282 

62-492 

1-790 

100 

64-325 

— 

— 


Heat produced by mixing Methyl Alcohol and Water, 


Weight per cent, of MeUiyl Alcohol 

Heat Produced for 6 grams of mlxtnie 

10 

20-930 

20 

37-276 

30 

44-744 

40 

45*384 

60 

44-429 

60 • 

41-393 

70 

34-466 

80 

22*448 

90 

18-164 


Boiling Points, 
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CapiU(try heights of mixtures of Methyl Mcohol and Water in a tube 0*684 mm. 
diameter, at 13 * 5 ^ 


fl 


Length of A Water- 
Column of equal 
wdgbt 

Height 

calculated 

Dlflfereiiee 

0 

100 00 

100*00 



10 

68*820 

67-818 

93*334 

- 26-416 


58*830 

67*264 

86-667 

29*403 

30 

62*463 

60*381 

80*001 

29*620 

40 

48*947 

46*262 

73*335 

27*08^ 


46*538 

43*136 

66*668 

23*632 

60 

46*407 

42*170 

60*002 

17*832 

70 

46*176 

40*034 

63*336 

13*302 

80 

43*997 

37*996 

46*669 

8*714 

90 

42*612 

36*671 

40*003 

4*332 

100 

40*970 . 

33*337 

— 



Specific Gravities (water = 100»000). 


WdRlit 
ixir cent, of 
Methyl 
Alcohol 

Specific Gravity at 10“ 

Difference 

.. 

Spedfio Gravity 
at 90“ 

Found 

Calculated 

0 

09973 

__ 


998l'9 

10 

98632 

97762 

-I- 870 

98384 

20 

97478 

96622 

1866 

97080 

30 

06222 

93573 

2649 

06676 

40 

94729 

91611 

3118 

94064 

SO 

02991' 

89727 

3264 

92205 

60 

91048 

87923 

3126 

90207 

70 

88933 

86188 

2746 

88085 

80 

86698 

84520 

2078 

86656 

90 

84064 

82916 

1138 

83079 

100 

81371 

4 


80884 


Expansions deduced from the observed Specific Gravities. 


Weight 
per cent, of 
Methyl 
Alcohol 

Volume at 10“ 

Volume at 20“ 

DlfCerenoe 

Found 

Calculated 

0 

100 

100-164 


, 

10 

100 

100*262 

100*293 

-0-041 

20 

100 

100*410 

100*429 

-0010 

30 

100 

100*671 

100*662 


40 

Rn 

100 

100*718 

lOd-680 

+ 0-039 

00 

Aa 

100 

100*863 

100*809 

+ 0-044 

60 

100 

100*932 

100*922 

+ 0*010 

' 70 

BA 

100 

101*019 

101*028 

-0*009 

oO 

Oa 

100 

101*101 

101-124 

-0*023 

wO 

Inn 

100 

101*173 

101*212 

-0*039 


100 

101-20a 

■ . i— . 
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^ Compresnbilify. 


Weight 
per cent, of 
Methyl 
Alcohol 

Temperature 

Oompressibf lity for one Atmosphere 

' DUbrence 

Found 

Coloulated 

0 

16-8 

000004741 



10 

16-6 

-00004368 

000005407 

-0-00001129 

20 


‘00004365 

-00006303 

*00001038 

30 

16-4 

-00004289 

-00007052 

•00002763 

40 

17-4 

•00004781 

•00007768 

•00002077 

AO 

16‘d 

■00004916 

-00008420 

•00003604 

60 

16*4 

-00005541 

•00009029 

•00003488 

70 

15-7 

•00006167 

-00000586 

•00003410 

80 

16-3 

•00007416 

‘00010083 

•00002667 


15-2 

•00009103 

‘00010511 

-00001408 

100 1 

150 

•00010879 

— 

— 


MBTKn BTHBOU. Chloride, GIPCl.— Tho best method of preparing this 
compound, in to jiaes a current of hydrogen chloride inton boiling Bofution of zinc 
chloride in twice its weight of w’ood-spirit, in n flask connected with an inverted con- 
denser and a wash-bottle containing water. The liydrocliloric acid is then completely 
absorbed, and the whole of tlie methyl alcohol is converted into chloride, while the 
impurities wliich accompany it in the wood-spirit are converted into a black tarry 
mass (Groves, Chem, Soc, J, [2], zii. 641). 

Iodide, CH*I. — Metliyl iodide, in the dry state, is very slowly decomposed by a 
copper-zinc couple ; but if the couple bo wot with water, decomposition takes place, 
even at ordinary temperatures, the products being chiefly methane and zinc iodhy- 
drate ; — 

CH'I + H»0 + Zn - CH< + 

With a mixture of methyl alcohol aud ethyl alcohol the products are methane and 
zinc iodethylate, ZnI(OC^H*) (Gladstone a. Tribe, C7Am. Soc, J, [2], xi. 682). 

MBTXTXuAJIKnrB, CIPN. Fonnation . — ^Wben crude motliyl alcohol, after being 
separated by distillation from pyroligneous acid, is furtlier purified by distillation over 
lime, the first portion of the distillate has a strong alkaline reaction and an ammoni- 
acal odour, and contains a large quantity of methylamino. If the metliyl alcohol be 
redistilled for a longer time, the quantity of methylamino is increased, and it is accom- 
pinicd by di- and tri-raethylamine. The crude wood-spirit, before those distillations, 
contains only traces of methylamino, but abundance of ammonia. The ammonia is, 
therefore, an agent in the production of the methylamine'. It does not, however, act 
directly on the methyl alcohol, for these two bodies may be heated together for scvcrBl 
hours without production of methylamine. The reaction takes place between ammo- 
nia and acetone, which is always present in crude wood-spirit, as represented by tho 
following equations 

C«H«0 + NH* - C*H«0 + 

Aldehyde Methylamine 
C*H«0 -I- NH*(CH») - C*H‘0 + 

DlmethylamliM 


0m*0 + NH(CH*)* « C»H«0 + N(CH*)» 

Trimethylamlne 

The aldehyde found in methyl alcohol is derived from the same reaction . {p< 
Vincent^ BuU, Soc, Chim, [2], xix. 14; Compt, read. Ixxvii. 898). , V ** 

According to Berthelot, methyl alcohol and ammonium chloride* heated 
320®, yidd a small quantity of methylamine. Busart a. Baidy 
188), by heating 2 parts ammonium chloride, 3 ports methyl aledli^aDa 1 
chloric acid to 207® for 30 hours, obtain oxide and chlormo of momyl* 
methylamino hydrochloride amounting to one-third of the ommoninm 
Ttom the lower temporatore requir^ in this reaction they ■ consider- 
chloride is essentiial to it* and that the formation of methylamine ihi Berthelnftg 
must have be4n due to dMomposition of the sal-ammoniae into 
diloxic add. 








METHYL-ANILINE-^METHYL KETONES. 807 

tf STBTft-AmXinrB. See AmuKE (p. 73). 

MSTBn-BVrn CAmnOK, GHOH See Hsstl Alcoeols 

(ls^ 6» 9®)- ‘ 

SCBTHn-BMMACBTO&f CH*— CBr'— CH*. I^n. with dibromop'ropane. 

Sco Pkopaneb. 

MBTHTXi-CAVltQOm, or XIKSnTA-AMT& UTOVB, 

See Capboone (p. 261). 

MSTBn-CBA01fcACBTO£,CH*-^CCP— OH^ Syii. \Fithdichloropropane. 

Sec ritOPANES. 

METHYB-OHBOBOPBBVBTOX, 0^n*C1.0.0‘H*. This compound, the ethylic 
ctlu^r of chlorinated niothyl-plicnol or chlorocresoJ, is obtained by heating the sulphate 
of (linzoclilorutolueno with absolute alcohol : 

C^H^CINUISO* + C^H-O « C’H^CI.O.CJ'n* + N* + IPSO^ 


CO {I 


OH* 

C»H»» 


a. lilcthi/l-chlorophenetol prepared from the a-diazotoluone salt (obtained by the action 
of nitrous acid on liquid clilorotoliiidino), is an nromatic liquid insoluble in water, 
cjisilj’ soluble in alcohol; boils at 210°-2‘20° ; has a specific ^vity of 1*127 at 19*6®. 

iS. Metkyl-chlorophenctol, derived in like manner from solid jS-chlorotoluidine, has 
tin; same odour as the a- compound, boils at 210®-220°, and has a specific granty of 
1-131 at 18°. The a-compourid is produced in larger proportion than the jS-compound 
(Wroblevsky, Zeitsckr.f. Chem. [2], vi. 164). 


METBTXiBBB ACBTOCBliOBniS, C‘H*C10* (L. Henry, Deut. Ckm, Geit, 
pur. vi. 739). When ehlorino is jmssod into cooled methyl acetate until hydrochloric 
acid is evolved in considerable quantity, and the product is distilled, a portion ptiraes 
liver between 100° and 120°; and tliis, when dried and submitted to fractionation, 
yields iiKithylcne acotochlorido as a colourless liquid, having a penetrating and 8ufib> 
iMtiii;; odour, and a burning taste. It has a specific gravity of 1*1963, and a vapour- 
dciisiry of 3'70, is insoluble in water, soluble in alcohol or ether, and boils at 116°- 
IIG^. It is decomposed by water, or alkalis, with formation of hydrochloric acid, 
!icctic acid, and probably formic aldehyde. Sulphuric acid decomposes it, hydrochloric 
iicid Ixdn^ evolved, and a sulpho-acid of methylene [probably CH*(HSO*)*l being 
foriued. When this acid is distilled with water, it appears to yield formic aldehyde 
er :i polymcridc of that substance. When methylene acetochlorido is warmed with 
alcoholic potassium acetate, it yields methylene diacctate; and when it is treated with 
potassium sulphocyanate, a violent reaction takes place, a substanco which has the 
^CNS 

composition 0H*<^ • being probably formed. Ammonia and aniline react on 
tnelliylcne acotochloride, apparently forming methylene bases. 

Uethylcnc formochloride^ , appears, to bo formed in like man- 

ner by the action of clilorlno on methyl fbrmato ; the product boils at about 100®. 

MetbybbB’B XOBXBBt Cfi*P. From experiments by J, Bl^juducho {ZsiUchr. 
h Chem. (2], vii. 91) it appears that the greatest yield of this compound is obtained 
riicti a mixture of chloroform and hydriodic acid in the proportions rciiuired by the 
lollowiug equation is heated to 130® for 24 hours: 


CHOI* + 4HI «. 3HC1 + IV + Cn»I». 

MTHYXiBNB BVEBBIBB. See Thiofobuxc Aldeetde. 

. MSTKYXBErfl-PBOTOOATBOBVXO AOIB. Syn. with PxfebohYUC 

•■Vem (y.v.) 


ttETan.aUA]rn>X«Bi See GrAEiniEB (p. 632). 
VETBYE-xSBTBXOmO AOXD« See IsBiEiONic AciD (p. 706). 


METKYXi BBTOBBS. JCsfoEs, OH*.OOLO*H^ isprcidiwsed 

y oxidation of the secondary amyl alcohol obtained from normal pentane (p. 63). It 
102®-106®, unites with alkaline bisulphites, and. yields by oxidation, acetic 
propionic acids, with a small quantity of carbonic acid (Schorlemmor, Chm. X. 
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butyl Ketone, CH*.CO.C*H®, is formed by oxidation of tbe 
noxyl alcohol obtained from normal hexane (p. 645), and converted by further 
tion into acetic and normal butyric acids (Schorlemmer, Ann, Ch, Pharm. clxi. 263)r' 

^ Methyl-jpentyJ Ketone, CH®.CO.O»H“, is formed by oxidation of the secomW 
alcohol obtained from normal heptane (p. 643). It is a fragrant liquid whlS 
between 150° and 152° iinitfiR wifli si.1lrjillnA an/i vJ. 


aawat ucj^uiiiu o»o;. xb IS a xiagraoc iiQuid whicli 

between 150° and 152°, unites witli alkaline bisulphites, and yields by oxidation 
and normal valeric acids (Schorlemmer, foe. cU.) ®«etic 

J^ethy^nonf Ketone, C'^BT-O » CR*.CO.C®H« is produced by distilling n 
mixture of the calcium salts of acetic and capric acids : ° ^ 


CH»CO*?? 

2 


2 


CaCO® + CH®.CO.C®H« 


The crude distillate separates by fractional distillation into throe portions, the firsf 
boiling at 200°, tho second at 210°-215®. the third above 300° The second fraction 
mixed wnth alcohol and ammonia, and saturated with sulphurous acid, yields a crys- 
talline ketone-bisulphite which, when purified by crystellisation from alcohol, has tiin 

composition C"Hm(NIT<)II.SO* + 11 * 0 ; and the ketone sopnmtod from tliis salt by 

potash, and rectified, has exactly tlie compositioii 


Mcthyl-nonyl ketone thus prepared is a colourless, strongly refracting oil having an 
odo^ slightly resembling that of rue oil, a specific gravity » 0*8295 at 175°, and 
boiling at 223°-224°. At 5°-6° it solidifies to a crystalline mass, which does not 
resume the liquid form till heated to 15°-16°. It is insoluble in water, but dissolves 
easily in alcohol (Gorup-Jlcsanoz a. Grimm. Deut Chmt. Ges. Ber, iii. 628). 

JMethyl-nonyl ketone forma the chief constituent of the volatile oil of garden 
rue (v. 133). Gorup-Bcsanez a. Grimm, by treating the rectified oil with ammonium 
bisulphite, obtained a crystalline compound, from wliicli sodium enrbonato separated a 
liquid having a sp. gr. of 0'8281 at 187®, Iwiling at 224°-226®, and agreeing in melt- 
ing and solidifying point with the synthetically prepared ketone. Giesecko {Zeitachr, 
/. CAem. vi, 429), by subjecting 500 grams of a sample of OL Rutm, nearly free from 
hydrocarbons, to fractional distillation, obtained 300 grams of a colourless oil having 
exactly the composition C“H**0. It had a violet fluorescence, ah odour like that of 
oranges, a sp. gr. = 0-8268 at 20*5, boiled at 225®-“226°, and solidified at 6® to a mass 
which melted at 15®. By oxidation w’ith chromic acid mixture, it was converted into 
polargonic and^ acetic acids, agreeing therein with PopofF’s law of the oxidation of 
ketones, according to which the lower alcohol-radicle of the ketone remains with the 
carbonyl, while the higher radicle is oxidised (p. 711). 


CH*.CO.C*H'» + O® - CH».CO.OH + C®H>®0®. 


Methyl-nonyl ketone, treated with phosphorus pontachlorido, is converted into a 
chloride C'*H**C1®, which is resolved by distillation into hydrogen chloride and a 
dilorido C‘*H**C1, boiling at ,221°-223°. Both these chlorides, when htotod to 
130° with alcoholic potash, yield a hydrocarbon of the acetylene series, boiling at 
198®-202® (Qiesecke). 

Mothyl-nonyl ketone is converted by nascent hydrogen into secondary hendeca- 
tyl alcohol, CII®.CHOH.C*H*®. The ketone is placed in a glass cylinder pother 
with a quantity of dilute alcohol not sufticieDt to dissolve it, and sodium in thin slices 
is gradually added. On fractionating the crude product, the greater port distils at 
228®-233° leaving a body of very high boiling point, probably belonmng to 
pina^ne group ; and by shaking up the portion boiling between 228® and 283 ^ 
solution of sodium bisulphite, exhausting the mixture with ether, again trsatink to® 
residue with sodium bisulphite, and repeating these operaCions several times, thenen- 
decatyl alcohol is finally obtained free from uio ketone. 

Secondary hendecatyl alcohol is a liquid having neariy the thick^csjl 
sp. gr. of 0*826 at 19°, boiling'at 228®-r229®, insoluble in water, the irotoSw 
fWimit by tho action of bromine and. phosphorus is resolved, on di(Stilto<^f >?»to 
hydrogen bromide and hondecatene, bwling at i92®.-19i8® 

Methyl-yhenyl heto^ae, CH®.CO.C®H®. See 
' MBTanrZi«4^XOnKXn8. SeeFuospsonvs-Bjtok^, 

MWBnPBO«MOV&4kVnno BTBBB. See 

Mnxnx>«K0»ttaTU0 wnm. 
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2iiBTBT&*4iAUGTUO AXiCOBOK. An isomerido of Anisic ALConoL, 
C*H'*0* (p. 79). 

METBTXi-STitTCHXrXirB. See Stbychnime. 

MXOA. The two following analyses of mica are included amongst the residts of 
tho inTestigatioii of the minorul constituents of Scotch granites hy S. Haughton {Phil, 
Mag. [4], xh 69) '• «• From Bubislaw, Aberdeen ; largo white tables, with angles of 
60° and 120° ; angle of the optic axes =72° 30'. Contains no lithia. h. Black mica, 
rarely found in largo crystals, but occurring in nearly all granites in tho form of small 
lamiDSC. Contains no fluorine. The specimen analysed is from Aberdeen : — 

SIO* SiP* A1"0» Po“0“ FeO MnO CaO MgO Na»0 K»0 WO 

f, 44-40 0 16 37-36 2*04 — 0*24 0*78 0*67 0*03 9*87 1 84 = 98-19 

b. 36-50 -- 16-50 18-49 6 76 1-80 I’ll 7*44 0-02 8*77 1-60 - 99-89 

In a mica imbedded in solagito, a dark-colourcd volcanic rock of Monte Catini, 
E. Bechi found : — 

MO* APO* Pe*0- MgO CaO K“0 P H“0 

40 8 22-1 21-0 0-5 5-6 5-9 0‘8 3 5 » 100-2 

Hnnliicss *2-5. Sp. gr. =3‘15 (Jahresb.f. Chem. 1870, 1298). 

On tho mica of Adamellogranito, see p. 27 of this volume. 

MXdSroiVBTTE. Tho root of this plant has a pungent taste, and emits, when 
cut lip, an uumist-ikeablo odour of hor.sc-radisli. When macerated with hot water and 
(lis-tillnd, it. yields an oily distillate which is converted into sinapolino by boiling with 
1 Cl ry til -water, and into thiosinnamino by treatment with ammonia. These reactions 
.slioV that the root contains nllyl sulphocyannte (A. Vollrath, ArcA. P4am. [2], 
cxlviii. 156). 

MZLABXTE. This namo is given by E. Tietze {Jahrhuch geol. Beklumst, XX, 
iiSS) to a liydrutod nlumiiiiiim silicate from Maidanpek, in Servia, hitherto regarded 
nsagalmatolite. It feels like soiip-stono, has aconcho'idal fracture, crumbles easily, 
breomes transiently dark-coloiircd when heated, and dissolves in hydrochloric acid 
with sopiiration of silica. It is most nearly related to halloysito. Tho following 
analysis by Patera — 

SiO« APO» Fo“0* H*0 

44-06 25-20 trace 29-50 » 99-66 


iigi'ftcfi nearly with the formula 4(Al*0’.2Si0*) + 27IPO. 

niZ&ABXTS. This mineral was named by Kenngott (Jakrbiiok f, Min^alogiet 
1870, 80) after tlio Vnl Milar, near Buaras, in tho canton of Graubiinden, Switzerland, 
wliero it was supposed to occur; but, according to a notice by Kuschel-Kohicr,. cited 
by Eronzel {ibUl. 1873, 785), it is found, not in the Val Milar, but in tho Vel Giuf, 
norlli-west of Buaras. 

Aliliirito occurs, together with smoky quartz, orthorlaso, apatite, diabasite, titanito, 
:in(l chlorite, implanted on granite, and forms hexagonal crystals sometimes 10 mm. 
long, exhibiting the combination ooP2.P, frequently also with OP, more rarely with 
«!’. The terminal dihedral angle of tho pyramid was found by dirert measurement 
“ 114° 46' 6', by indirect measurement = 144° 41' 60'. Cleavage indistinct, parallel 
to OP. The mineral is transparent and nearly colourless, with a faint tinge of green, 
transparent or translucent, and has a vitTcous lustre. HaidnesB »6-6 to 6. It swells 
|Jp and forms a white glass when heated, dissolves but slightly in hydrochloric acid ; 
It" powder, both in the natural state and after ignition, has a faint alkaline reaction 
(Kenngott). 

a quanlitativo analysis of tho mineral, Kenn^tt inferred that it wiis a zeolite, 
consiatiDg of a hydrated silicate of aluminium, calcium, and sodium. Frenzcl, how- 
by a quantitative analysis of pure selected materials, finds its composition to 


SIO* A1*0> OaO Nb"0 H"0 

71-12 8-46 11-27 7-61 1-66 100 

^008 not sustain any loss of weight at 100 °, the water not being given 
wii tho powder is heated to a very high temperature, at which it b^ins to melt, 
little attacked by 

f'mnnU be regazdM as basic, the analytical results may be rep^ented by the 


3B*0.C!a0.Al»0»18Si0*, orpMbsp* Al*0*.6SfiO* + 8 {C!a 0 . 2 Si 0 *-+ B'O.SSiO*). 
According to this, milarite is not a zeolite, but a mineral related to petalito (Frenzel). 

Injtuenne Food on tho produetion ((f Milk in the Cbw.— G^Kfllmond M. 
{.landw. r«twejMa«mw,,m 1»7< Sdl, *05) havemBd. «p«im.nU on two 
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mileh-ooiray fed daily on a normal diet of 20 lbs. meadow-hay and 0*06 Ib^ salt, to which 
were added, in different experiments, known weights of rape-flonr, starch, oil, or bruised 
beans. The results showed that an increase in the production of milk took place after 
addition of oil or bruised beans, but not after addition of starch or rape-flour. These 
variations in the feeding affected, however, only the total quantity of milk secreted 
its composition remaining nearly the same in all cases. The progress of the lactation 
was accompanied' by a continuous alteration in the composition of the milk of both 
animals, the total amount of the nitrogenous constituents increasing regularly in pro- 
portion to that of - the non-nitrogenous constituents, the proportion of milk-sugar and 
butter steadily decreasing, while the amount of casein increased, and that of albumin 
diminished, but in smaller proportion. The experiments did not show decidedly 
whether the formation of butter is due to the carbohydrates or to the albuminous con- 
stituents of the food. 

Those results have been confirmed by a further series of experiments mode by Kiihn 
{Chem, Centr. 1871, 102; Chem, Soe. J. [2], ix. 414) on four cows fed on a diet of 
moderate amount, not sufficient for the highest yield of milk. The food consisted of 
hay, barley-straw, and turnips, the albuminous elements of the food being increasod 
at a certain sta^ of tho experiments by the addition of bruised beans. 

The general result of those experiments is to show that an increase in the albumin 
and fatty elements of a moderate diet produces an increase in the milk-yield, which 
gradually rises (simultaneously with bodily condition) to a certain maximum, corre- 
sponding in each case with the maximum increase of the above elements. Sooner or 
later, however, the natural diminution depending on the period of lactation occurs, 
and DO further increase can bo produced by increasing tho food. Diminution of tho 
above elements of tho food produces a diminution in the milk-yield. ^ Tho addition of 
fat increases tho ingredients of milk generally, but has no special influence on tlie 
amount of fat in tho milk. The percentage of sugar in the milk doc.s not appear to be 
affected by the diet, and tho variations in the amount of albumin are too small to bo 

a uantitatively determined. No variation in tho amount of casein could be traced to 
he food ; indeed, the variations in tho percentage of CQSoiti and fat appear to be duo 
to iTregiUadtiofi in tho action of the gland. 

Ib appears from these results that it is not possible by Variations in tho fbod, to 
produce a * butter-cow ' or u * cheese-cow.* Dinbrences in this respect are differences 
of stock and individuals. 

For tables of the numerical results of these experiments, see the references above 
cited. 

On tho influence of Food on the production of Milk, see further, Fleischer (Arch.f» 
pathoL Anatomic, li. 30 ; Jakreebn /. Chem, 1870, 012) ; Stohmann {ZHtachr.f. Biohgit, 
vi. 204; Jahrech, 1870, Oil). 

Weiske-Proskau {Ann, d. Landw. Wochenhlatt, Sept. 6, 1871)» by experiments on 
two cows supplied during twelve days with precipitated calcium phosphate in addition 
to their ordinary food, found that no increase was thereby produced in the percentage 
of ash, of lime, or of phosphoric acid contained in the milk ; neither was there any 
crease in the absolute quantity of these substances yielded as milk. ^ 

According^ to Stohmann (Cam. Centr. 1872, 722) the proportion of phosiMionc arid 
to nitrogen lU goat's milk is the same as in the grain of cereals, viz. P'O* : N’’. 

BtacivonB of Milk : (1) With The most contradictory statements hate been 

mode as to the reaction of normal fresh cows’ milk with litmus, numerous 
having found tho reaction of milk to be acid, while an equal number describe it os 
alkaline. . iii. 

Soxhlet {J.pr. Chem. [2], vi. 1 ; Chem, Soe. J, [2], xi. 187) considers: that mil* 
possesses what he calls an amphoteric or amphigenic reaction, %.€. that.it hos the r^ 
markable property of turning simultaneously red litmus blue, and blue Htuntf 
and this anses from the fact that milk contains both acid and neutral pbMpmVS m 
the alkali-metals. Heintz maintains tliat a fluid containing both acid aim orainaxy 
alUine phosphates, simply imparts a violet colour to red and to blue 

A. Vogel (J. pr, Chem, [2], viii, 137) has examined this question fturthe^i 
instead of litmus-paper, a cfu^nlly prepared neutral tinotuie of litmus, 
result of his experiments, states that he has never yet found Awshly diiaW ™ 
to exhibit a decided alkaline reaction. , xi. V * 

. If litmus-tinctuxe which has been reddened by milk is left mrooseg . t6 th*. 
watch-glass, it gradually loses the red colour and passes into blue* while, if 
corked up, it retains tho red colour, thoimh in some cases it so^ed to bSCOiM 
blue in we course of an hour or two. In either case it acquires, 
days, a deep red colour, owing to formation of lactic add.' Hence it 
normal ftesh cow^ milk there is no free lactic acid. J 

milk also becomes blue if shaken up and poured bsdtimdi and f 
Tossel to another, and more especially on hatting. 
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Vogel thinks that the restoration of tho blue colour in these coses is due to the 
escape of tho carbonic acid which fresh milk contains* Soxhlet also found tliat milk, 
when subjected to tho action of the air-pump, gave up carbonic acid and became 
(Iccidodly alkaline. Otlier tests for alkalinity in liquids wore also applied by Vogel 
to milk, witli negative results. 

Out of the. milk of 30 cows, which was examined by Bischoff at Schloisheim, only 
U'o specimens showed the double reaction with certainty. In the greater number of 
cases tho reaction was either neutral or transiently acid. Some specimens, however, 
iravc, at first, a w'oak alkiiline reaction, quickly passing into acid reaction. This efifect 
probably duo to tho absorption of ammonia by the milk, since the experiments 
wore made in the stalls. 

(2.) With Boric Add , — According to A. Hirschberg (CAm. Cmtr. 1872, 496) tho 
n<ldition of a small quantity of boric acid to milk retards the separation of cream, and 
preserves tho milk from turning sour for several days. 

^ (3.) With Mustard-Oil . — Accoitling to Scliwalbo {Dent. Chem. Ges. Ser. v. 286) the 
.uKlition of mustard-oil to cows’ milk (1 drop to 20 grams) prevents coagulation. Tlio 
mixture may be kept in summer for weeks in half-fillod bottles without coagulating. 
;\iU'r 5-7 weeks the casein was found to bo converted into albumin, and the liquid 
wjifl strongly acid. 

(4.) On the relative quantities of ammonia eliminated from milk by tho action of 
potash and of potassium permanganate, sec Ammoxia (p. 61). 

Condensed Milk . — Trommer {Bingl.poUJ. cxcviii. 168) prepares condensed milk 
M follows : 1 pert of fresh milk is mixed witli 1 part of the cream which rises to the 
stirfMco when the milk is mixed with sodium bicarbonate in tho proportion of ^ to j oz. 
of the Litter to 10 quarts. Tho mixture is hcatod nearly to boiling, then strained, and 
after fltldition of pure sugar (in the form of a boilod and clarifiod solution cooled to 
75° C.)iri tho proportion of 3 to SiJ oz. to a quart, it is evaporated over the water-bath 
till tlio residue falls from tho stirrer in tliick masses. Tho temperature during the 
evaporation should not excood 87*5°. The condensed milk is preserved in tins. 

L. Kofier {Bingl.pol. J. exevi. IGl) has examined the following kinds of condensed 
milk: (1.) I'rom tho Atiglo-Swiss Condensed Milk Company in Cham (Canton Zug) ; 
(2.) From tho factory in Sassin. (3.) From t^ie Swiss-German Extrort Company at 
Vivis in Switzerland, andKompten in Bavaria; jpreserved in glasses. (4.) The same 
in tins. (5.) From the Fmsereutlie. Tho various samples contained from 25 to 
36 p.c. sugar and 14 to 18 p.c. milk-sugar. These being deducted, the composition of 
the several sorts is as follows 



1 

2 

8 

4 

S 

Water . . , 

. 22-180 

18-824 

22-421 

18-810 

20-770 

Fat (butter) 

. 12-260 

12-625 

12-030 

13-650 

12-830 

C'lNcin and albumin . 

. 28-100 

24-240 

25-060 

24-000 

20-600 

Ash (salts) 

. 2-180 

2-482 

2-673 

2-430 

2-865 


All tho samples, when mixed with 4 or 6 times their voltimo of water, yield^ a 
good sweet milk, and all, when mixod with 6 or 6 vol. water, could be converted into 
bultcr, differing from one another only by the greater or lesser facility with Which tho 
individual fat-globiilcs ran togothor.' 

According to tho British Medical Journal^ Newnham’s condensed milk contains 10 p.c. 
water, 10 casein, 2 ash, 60 fat milk-sugar and cane-sugar. Hence it appears that a 
pound of the condensed milk contains we constituents of 3 to 4 pounds of fresh milk 
(PAarm. J, Trans. [3], 1, 606). 

Analyita of lIKilk. £. H. v. Baumhauer {Zeitschr. anal. Cimi. ix. 422) discusses 
Jhe several methods hitherto adopted for the analysis of milk. Ho rejects as wo^i- 
kss all modes of testing depending on the use of hydrometers, inasmuw as the milk, 
which is a solution of subetances specifically heavier than water, contains in suspension 
^ much lighter body, name^, tbc cream, and consequently exhibits a moan specific 
gravity which, after tho x^oval of part of tlie cream, may be again imparted to the 
“quid by addition of A ftiither objection to the use of hydrometers for the 

■purpo.se is that the expafision-coefiScient of milk is unknown, and moreover uncertain, 
on account of the varying proportions of tho dissolved constituents. To obtain com- 
prablo results, it would therefore bo necessary to work always at tho same tempera- 
Moreover, the quantity of milk wliiiA becomes attacbea to the unimmors^ part 
J iuBtrumont may give rise to on error equivalent to 5 p.c. of water. In skimmed 
. ^ the specific gravity exhibits no constant relation to the sum of the dissolved con 
_ uuenta, since the relative quantities of tlieso are variable. Experiments showed, 
' very little accordance exists between the indications of the cremometer (a 

b^aanated glass cylinder in which the Tolmiiie of cream which rises to the surface on 
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Btanding is directly read off) and the amount of fat vhich can be extracted from the 
milk by ether. When one cremometer was filled with milk whicli had not been shaken 
a seco^ with milk which had boon shnkon for a minuto, and a third with milk which 
had been shaken for two minutes, the indications of those instruments varied from 6 
to 10 p.c. This diversity is due to the influence of agitation on the mode of sepam- 
tion of the fat-globules. 

Heeron {Bingl, pol. J. cxciii. 396) likewise objects to the use of the cremometer, be- 
cause only a part of the fat contained in the milk rises as cream to the surface ibo 
that not unfrequoutly ah error of 40 p.c. may occur in the estimation. JIc fiirlhor 
points out that the opacity of milk depends upon the size of the fat-globulcs, and 
therefore that all the optical methods depending on comparison of the opacity of a 
given sample with that of normal mUk, must yield different values for the same 
actual amount of fat present, according as the milk has been skimmed (freed 
from the larger fat-globulcs) or not. A difforonco between the results of the optical 
and chemical testing indicates previous skimming, inasmuch as perfectly noma] milk 
would exhibit a nearly equal amount of fat by both mctliods. 

The following method of analysis is described by Pribram {J^rngl. pohit, J, 
cxcvii. 448) : 50 grams of the milk are mixed in a tared beaker glass with 15 grams 
of purified and pulverised common salt, and the mixture, after being stirred with a 
tared glass rod, is heated to gentle ebullition. After cooling, a quantity of water is 
added sufiicient to raise the liquid contents to 100 grams, care being taken to ciKsiiro 
complete solution and uniform mixture. A large portion of the liquid is then passed 
through a filter not promously wetted, a portion of llio filtrate is exactly weighed 
out, and Ihe quantity of milk-sugar in it is determined by means of Pchling’s solution 
(10 C.C. = 0*06875 mms of milk-sugar), or better by means of circular polarisation. 
In another weighed portion of tlio filtrato, the amount of chlorine — and thonce the 
amount of common salt — is determined by means of a dccinormal .silver solution. 
From this the weight of the liquid contents of the beaker, that is to say, tlie total 
weight a of the liquid, is easily determined by means of tlio proportion — 

alb = xl lb 


whore a is the weight of the filtrate, b that of the quantity of sodium chlorldo found 
therein. Thu quantity of milk-sugar determined as above is calculated to this quan- 
tity of solution, and thence tho quautity of milk-sugar in 50 grams is determined. 

The remaining contents of tho beakor, together with the iinnsed filtrate and any 
solid portions that may have been collected on tho filtor, are evaporated to dryness, 
and the residue is exhausted with ether. This is effected by placing tho residue in a 
glass cylinder connected at one end with a flask containing ether and at the other with 
an inverted Liebigs condenser, so that the residue is completely exhausted by the con- 
densed ether which runs down upon it. Tho residue obtained by evaporating tho 
etlioroal solution gives tho amount of fat. 

Tlie residue thus exhausted with ether is dried at 100^ and weighed. It consists 
of casein + milk-sugar + sodium chloride, less the portions of the two latter whi^ 
have passed into the filtrate ; and as these have been previously determined, tho 
amount of casein is easily found by subtraction. 

The following method is given by Schukofisky {DetU. Chem, Ges, Ber. r. 7^ 
especially adapted to tho analysis of woman’s milk : 20 c.c. of ether are added to 
20 C.C. of the milk ; the mixtnro is stirred, and to it 30 c.c. of strong alcohol sm 
added. This mixture is allowed to stand for about 24 hours, in which time the milk- 
sugar separates in crystals on the sides of the vessel. The su^r and casein sto 
filtered off and washed with anhydrous ether and strong alcohol; the 
wasliings are evaporated on a water-bath till free from alcohol ; and the ^ 
again treated with ether, then allowed to evaporate spontaneotisly» and finally 0^ ^^ 
100^ and -weighed. : . 

J, A. Wanklyn (PAam *7. TVans. [3], i. 605) directs attention to 
pected source of inaccuracy in the ordinary methods of examining inU|Eitv BMJ“* 
that the exact molecular condition of the casein influences the spemfie % 

milk; in other words, that samples of milk of the somo strongtb wy 
.gravity according to the molecular condition of the casein. The fo] 
are given to show how this may cause a want of correspondence betwe^J 
-^vi ty of milk and the amount of its solid contents. Tna specinteM ^ 

; in corked bottles for four days. 


Sampla A 
B 

H 0 


SP. RT. 
at 60 * F. 
1-0004 
0*996Q 
1*0184 


Per cent. Of 
solids dried 
atSirP. 
11-84 
10-48 ‘ 
8-92 




MILK-rMILLBT. 818 

To be of any value at all, the specific gravity must ba talcen irhile the milk ia v^ 
fresh, for when milk is kept for two or three days, even in a closed vessel, the density 
falls In a vGty reinarkahle manner. Wanklyn therefore proposes, in judging of the 
Ktreii^tli of milk, to adhere to the method of evaporating to dryness in the water-bath, 
and weighing the residue, as described in the Xst SitppL (p. 830). 

Esiimaiioth of thc*Ca8€in in MUk hy the Ammonia Process, — Casein when distilled 
vrith alkaline permanganate yields 6‘d p.c. of ammonia. Now normal milk contains 
4 0 p.c> casein : consequently 100 parts of milk should give 0*26 p.c. albuminoid sm- 
moniat ammonia derived immediately from the decomposition of an albuminous 
body ; and this result is confirmed by experiment. 

To examine milk by the ammonia pi-ocess, the following method of procedure may 
bo adopted. Five c.c. of milk are diluted with pure distilled water to half n litre, ana 
0 C.C. of the dilute milk taken for analysis. 250 c.e. of water perfectly free from 
iiiiimonia are placed in a retort,^ together with 50 c.c. of alkaline permanganate solu- 
tion, and the 5 c.c. of diluted milk udd^. Distillation is thenpi-oceeded with as long 
iis ammonia comes over, tlio ammonia in the distillate being estimated from time to 
time by the Ncsslor test in the usual manner. 

The following are some examples of milk analysis by the ammonia process : — 

Milk yielding 12*92 pjc, of SolidSt and 8 p.c, of Cream, 

Quantity of milk taken NH* obtained 

I. . . 100 milligrams 0*27 milligram 

II. . . 50 „ 013 

Slightly Watered Milk, Solids, 10*20 p.c. 

Quantity taken NII^ obtained 

1. . • 100 milligrams 0*22 milligram 

II. • . 50 „ 0*096 „ 

Highly Watered MUk. Solids, 0*18 p,c. 

Quantity taken NH’ obtained 

I. . .50 milligrams 0*075 milligram 

II. . . 60 „ j0070 „ 

j Solids, 8*10 p.e. 

In order to translate these results into percentages of casein, all that is required is 
to multiply Uio percentage of ammonia by 100, and divide the result by 6*5. The 
figures so obtained represent the percentage of casein in the milk (Wanklyn, Chsm, 
Hews, XX vi. 28). 

A. K Davies {Cltem, News, xxii. Cl) tests milk for adulteration with water by do- 
terminiug tlio specific gravity of the serum obtained by^ filtering after the casein and 
fat have been coagulat^. In unadulterated milk this liquid e^wibits a tolerably con- 
stant density ranging between 1*026 and 1*028. 

MIU-BUOAX. See Suoab. 

MXXiXimTB. See Nickrl Sulfhzdbs. 

MnoBOBlir. An analysis of a specimen of this mineral wbicli had been 
microscopically examined by Kenngott, and shown to be a mixture of an amorphous 
Kubstanco with numerous crystalline particles, was found by Marco Locco, of Belgrade, 
to contain, when dried at 100®, 38*71 p.c. SiO®, 43*46 AVO®, 0*17 Cr®0*, and 8*47 
water, agreoing approximately with the formula 3Si0®.*2Al®0* + 4H*0. The analyti- 
numbers differ considerably from those formerly obtained byKersten (iii. 1024)* 
27*60 p.c. SiO®, 46*01 'Al*0®, 8*61 Cp® 0*, and 23*30 water, the difference doubt- 
1^ arising from the mixed institution of the mineral, as shown by the microscopical 
czamination. It is better, tlieroforo, not to regard the mineral as a simple aluminium 
ZHicatc, represented by the formula 8Si0*.2Al®0® + 4H®0, but rather to conclude, 
trom the resemblance of the crystalline particles to mai^ specimens of kaolin when 
by the microscope, that it consists of kaolin (H®0.A1*0® + H®0,2SiO®) im- 
in an amorphous substance having the compomtion H*0.A1®0* + H*O.SiO®. 
J view represents the minei^ as allied to the species called carolathin (Kenn- 
^ Jahrbuch. f MineralogU, W2f 961), 

p ****'^Wi Under the general name of millet are included various species of 
ntcttm, Setatia, and Sorghum; only those growing in temperate climates have been 

M Neds of rmiem mSiaemm .(&• miUeti 0« Hine) serve as htunss food. 
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SetariaiioHca (Er. Millet des oiseanz, Ger. Mohar) is used in the green state as fodder 
for horses in Hungary ; the seeds form the ordinary bird-millet. Sorghum vuloare 
(Fr. millet grand, Ger. Mohrhirse), tlio Hurra of ^ypt and India, a&o known ns 
Guinea-corn, has the largest grain of any of the millets, and in hot countries is ex- 
tensively grown as human food. Sorghum aaecharatum (Fr. millet noir, Ger, Zneker- 
mohrhirse) is also largely grown in Chinn and in other warm countries ; ■ thk seed is 
employed as human food, while from the ripe stalks sugar may ho extracted. 

In the following table is given the mean of tho analyses xnade. The composition 
given for Sorghum is the average adopted by Wolff. 



ll 

Water 

Albnmi- 

iiolda 

Fat 

Extract- 

ive 

matter 








Composition of MUlet-grain, 


Panicum miXiaceum^ witlii 
husk . . . J 

Panicum mUiabeum, without! 
husk . . • J 


1315 

10*91 

3*67 

56*89 

1306 

1303 

16*39 

5*06 

6208 

2-71 


Corrposition of MHUUhay, 


Setaria italica 


Sorghum vidgaro 
Sorghum saccharatum . 


12*76 


10*28 


2-34 


38*61 


30*13 6*89 


Composition of Green Sorghum. 


77*3 

740 


2*9 

2*6 


11*9 

1*4 I 13*0 


6*7 

7*3 


1*1 

*9 


Tho grain of P. miliaceum, when deprived of the husk, contains, according to tho 
complete analysis of Pillitz : Water, 12'9 ; starch, 60*22; dextrin, 1*12 ; sugar, *45; 
cellulose, 3*73; soluble albuminoid, 1*18; insoluble albuminoid, 14*11 ; soluble ash, 
1*03 ; iQsolublo ash, *66. Guinea-corn, from tho West Indies, contain^ a^rdiug to 
analyses by Dr. Sheir and Johnston, 7'43 p.c. of albuminoids. A specimen of Duria 
gave Johnston 11*19 p.c. of albuminoids ; it contained legumin. 

The sap of 8 . saccharatu9?i, according to G. T. Jackson {Jahresb. Agri. Chem. 1868, 79), 
contains glucose till ripening commences, when cane-sugar is developed, J. Moser 
{Jahresb. Agri. Chem. 1866, 316) found in the snp pressed from the stalks at the end 
of October, 12*45 p.c. of cane-sugar, and 2*32 p.c. of fruit-sugar. Voelcker (cAvi** 
Roy. Agri. Soe. xx. 378) found no sugar in sorghum grown in England at the midalo 
of August ; a month afterwards it amounted to 6*85 p.c. of the plant. 

Melzdorf {Jahre^. Agri. Chem. 1860, 136) made a complete examination of Gem&n 
millet (Setaria t^o^tca) in five sta^ of ^wth ; the results are an excellest iUvstratioa 
of the change in composition which a plant undergoes as it develops. 


Percentage composUion of Setaria itaXioa, whole plant, dried at 100^ 



July 11, 

8-4 inches 

July 26, 
hdight 
B-lOincboi 

AngnstlO, 

height 

18-16 

indiei 

AafOsb84) 

inhioom, 

1M4 

IwwlMie . 


Albuminoids .... 
Extractive matter and fat . 

Fibre ..... 

Ash . • . • • 

25*72 

37*29 

23*93 

13*06 

26*01 

37.76 

26*67 

11*67' 

10*41 

41*4il 

Sl*80 

7*8l- 

IT^Ol 

4»*88 

SS-Oii' 


Water in iVesh state . 

80*96 

78*66 ^ 

eofi 

V 
















MILLBT-^MOLEOULB. 


81S 


JPmeniagi Cfmpoiition of iU A»K 



— 

July 11, 
heW 
Minohos 

July 30, 
lidght 
6-10 inches 

August 10, 
height 
16-16 
iuohea 

August 24, 
in bloom, 
18-24 
inches 

Septem- 

bor7 

Potash 

Soda 

j Linio ^ 

: Magnesia ..... 

: Oxide of iron . 

Phosphoric acid 

Sulphuric acid . . . . 

Chlorine ..... 
Silica 

6700 

•61 

4‘84 

6-60 

■73 

4'88 

3-68 

7-61 

1506 

54-69 

none 

6-66 

G‘22 

1-20 

4-76 

3-22 

8-04 

17*62 

38-75 

none 

0*67 

0*80 

•73 

5*40 

3*65 

7-44 

26-23 


27-49 

none 

7*42 

11-83 

•64 

5-84 

3- 43 ' 

4- 34 
39-99 


111 tlio aboYO table the increase of fibre, and the diminution of albuminoids and ash 
fls llie plant matures, are plainly scon. In the composition of the ash the diminution 
of potash OTid clilorine, and tho increase in silica, lime, and magnesia, are equally 
enMoiit. The carbonic acid of the ash has evidently been deducted, and the ash ro- 
cnli'iilatod to 100 parts. 

Tho following are tho mean ash analyses of millet-gprain : — 



Number of 
analyses 

Ash in dry 

K*0 

Na”0 

MgO 

CaO 

r-o" 

SO" 

sio* 

Panicum mUiacetmt 1 
with husk . . i 

2 



1-0 

8-4 

m 

23-4 

•2 

52-3 

Panicum mUiaceumt i 
without husk . j 

2 



4-0 

22-2 

none 

2 


none 

Horghim vulgaro . , 

1 



3-3 

14-8 

1-3 

3 

fl 

7-6 


R. W. 


MOLBCU&B. According to Avogadro's law, which, as already shown (p. 646), is 
a necessary consequence of tho physical constitution of gases, all perfect gases at equal 
[•rcssuro and temperature contain equal numbers of molecules in equal volumes. 
Henco it follows that the weights of the individual molecules of any two gases are 
)>i'oportiona1 to tho weiglits of equal volumes of these gases at equal pressure and tern- 
l)cTiiturc— that is to say, to their specific gravities. 

If now wo express tho specific gravities of gases on tho hydrogen scale, in other 
^vo^s, if we assume as the unit of volume, that volume of hydrogen which weighs the 
unit of weight (say 1 gram), the specific gravities, or weights of equal volumes, of sorao 
(jf tho more important gaseous elements and compound will be represented by the 
follufling numbers— 


Hydrogen • 

Weight of 

1 volume 

Weight of 
2 Tolnmce 
. 2 ' 

Chlorine . 

. . . . 35'5 . ^ 

•. 71 

Oxygen . 

• a a a 16 a 

a 32 

Niti^en . 

a a a a 14 ■ 

. 28 

Hydrochloric acid . 

a a a a 10-26 . 

a 36-5 

Water-vapour 

a • • a 9 a 

a 18 

Ammonia. • . 

• a a a 8*6 a 

a 17 

Monh-gaa / . ' 

■ a a a 8 • 

. 16 


1 Abiico u IB assumea enai a moiecuw oi oyarocnionc bciu cunuuuB x awiu v& 
■yarogon and 1 atom of ohlorine; and, taking the weight of the atom of hydrogen as 1, 
oe weight of the atom of chlorine will be 86'6i and that of the molecule of hydro* 
Wdonc acid 36-6. 

the speeifio gratity of water-Tapour on the hydrogen scale being 9, the 
of equal Tolim^ of hydiocihlodG ac^ gas and water-Tapour ore ai the 
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numbers 36*5 and 18. This last number represents therefore the molocuiar VeiaTif 
wa^-vapour ; and since 18 ports of water contain 2 parts hydrogen and 16 of oxviL? 
It follows that the molecule of water contains 2 atoms of hydrogen. 

In liko manner it is found that the molecular weight of ammonia gas is 17 anti ti. 

It contains 3 parts by weight, or 3 atoms, of hydrogen united with U parts by weSf? 
of nitrogen; also that the molecule of marsh-gas weighs 16, and contains 4 
weight, or 4 atoms, of hydrt^on. by 

^ These conclusions respecting the numbers of hydrogen-atoms contained resnectiml 
in the molecules of hydrochloric acid, water, ammonia, and marsh-gas, are conflrmii 
by the well-known diftbrenoes in the behaviour of these compounds with regard 
their power of taking up other elements in exchange for hydrogen, the hydrogen in 
marsh-gas being replaceable hyfouTtJis, that of ammonia by thirds, that of water bv 
halves, while that of hydrochloric acid can be replaced only as a vjhole, the quantity of 
hydrogen in the molecule of hydrochloric acid being indivisible, or, in other words^an 
atom. ' 

The structure of the molecules of the four compounds may therefore, so far as the 
preceding considerations are concerned, be represented by the formulae — i 

HCV^ H*Ny H^C* . 

The reasons for regarding the indices w, x, y, p, as all equal to unity, or for ronre- 
seating the compounds in question by the formula — 

HCl H*0 H*C 

are fiilly developed in Uio article Atomic Wkioiits (i. 456-463) and need not be here 
:repoated. 

The weights of equal volumoa of hydrochloric acid, hydrogen, chlorine, oxygen, and 
nitrogen being as the numbers J , a 

36-5 2 71 32 28, 

and the first of these numbers representing the weight of a molecule of hydrochloric 
acid, it follows that the molecTiles of hydrogen, chlorine, oxygen, and nitrogen weigh 
respectively 2, 71, 32, and 28, inasmuch as any given volume of either of these gases 
contains the same number of molecules as an equal velumo of hydrochloric acid ; and 
as these numbers arc the doubles of the respective atomic weights, it follows that a 
molecule of each of these eUnieutary gaaes is made up of two atoms, so that these gases 
in the free state may bo represented by the formulae — 

HH ClCl OO NN. 

The same considerations are of course applicable to the vapours of bromine, iodine, 
sulphur, and selenium. 

With regard to these gases then the law holds good that ; lEgnal volumes of Memen- 
tary Gases contain equal numbers of Atoms. The oxcopUons presented to this law by 
the vapours of^ phosphorus, arsenic, mercury, and cadmium have been discussed in 
the article relating to the Combining Volumes of Gases (ii. 810). 

It is unnecessary to pursue the subject further io this place, as the deterroinarion of 
atomic weights and the volume-relations of gases have already boon fully considered 
from different points of view in previous articles (Atomic Wmoirrs, i. 455--466i and 
Gases, Combinatiok of, dy Volume, ii. 809-812). 

• The object of the preceding considerations is to show how the determinarion of the 
atomic and molecular weights of gaseous elements and coHipounds may be established 
on the basis of Avo^dro’s law. 

See further Omelin-Kraut’s Handbuch der Chsmie,^ Erster Band, Erste Abtheilnhgi 
pp.. 20-34 ; also Cannizzaro, Considerations on some Fointa in the Theorelio 
ofCksmisiry (Chem. Soc. J. [2], x. 9^1-967). 

MO&'milUHirBS. Atomic Weight. — ^Lothar Meyer (Ann. Cft. PAarsih pW® J®®) 
from the analysis of the chlorides, and the conversion of tlie trichloride into. tnS^ 
phate (making use of the atomic weights of silver, chlorine, and siUphuVr deteririhed 
by Stas), estimates the atomic weight of molybdenum at 95*8. 

CSblorldeB. These compounds have recently been examined by Ideehtra, 

(Ann. Ch, Fharm. clxix. 344), who have confirmed the result obteiued by Pr 

881) that the highest chloride, obtained by heating metaUie 
chlmue gas, is a peutachloride, MoOl*. To prepaio this (mpouud, 
lybdepumds heated in a stream of dry hydrogen chloride as lohg 
mate is formed ; this sublimate is driven out of the tube by heiit ; the 
the hydrochloric add m Is left to cool ; dry chlorine gas is theift 'Pasreii/j ^iWIjlS 
for an hoot to expel all remaining atmospheric air fkoia the apj^tos^ 
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heated till it begins to glow and biown-zedTapours b^n to appew. By ec^efdl 
iieating the whole (i tlie metiU may be converted in a short time into the blackpenta- 

‘^^The^peiitachloride heated to about 250^ in a stream of hydrogen is reduced to thp 
red difficultly volatile trichloride, MoCl* or Mo*Cl*: and this compound, heated 
to ^ncss in an atmosphere of carbon dioxide free from oxymn, is resolved, accord.- 
inff to the equation Mo*Cl* « MoCl* + MoCl*, into the yellow dichlorido which 
remains in the tube, and the brown to trachloiide which sublimes or is carried 
forv-ard by the stream of gas. 

Of these four chlorides the pntachlorideis the only one whicli crystallises distinctly, 
}iud melts and volatilises without decomposition. Tho pure pentnchloride is black; 
the green shimmer ascribed to it by Dobray indicates admixture of oxychloride. Its 
Yiipour has a dark brown-red colour. Tho sulphur-yellow dichlorido and tlie rod tri- 
chloride, which is deceptively like amorphous phosphorus, have been obtained only in 
the amorphous state ; tho tetrnchlorido is an indistinctly crystalline brown sublimate. 
In an atmosphere of carbon dioxide the dichloride bears a bright red heat without 
molting or volatilising ; tho trichloride under the same circumstances is resolved into 
di-aiul tetrachloride, which when again heated splits up into pentachloride which sub- 
limes, and trichloride which remains behind. 

Tho di- and trichloride arc quite permanent in the air at ordinary temperatures, and 
insoluble in water ; the tetra- and pentachlorido on the other hand are extremely sus- 
ceptible of the action of oxygen, and more particularly of moisture, so that tiicir 
manipulation is attended with great difficulty. 

The (licliloride is insoluble in nitric acidf which, however, dissolves all tho otlicr 
rliloridcs. Tho dichlorido dissolves easily in hot hydrochloric acid, with aid of heat, 
iind ciystallises therefrom on cooling, in long, shining, yellow needles, having the 
rnmposition Mo’Cl*.3H*0. The crystals when heated to 100® give off two-thirds of 
Iheir water without disintegrating, losing, however, little hydrochloric acid at tho 
Siime time. At a somewhat higher temperature the loss of hydrochloric acid is more 
fousiderable, the greater part of tho salt being, however, converted into the anhydrous 
dichlorido, which retains tlie form of tho crystals, and may bo recrystallised from 
rater. 


Trioildla, MoO*. Recovery from the residues of JPhosphmc Aund determinations * — 
r. Muck anal. Chem. viii. 377) treats tlio filtrate from phosphoric acid prcr 

cipitadons with solution of sodium phosphate (l_partPO* to 30 parts Mop“ of 

cipitate of ammo- 
water, dried and 


to 100 parts of it are added 360 parts of ammonia, 1,350 nitric acid, and 
mre magnesia, the magnesia being dissolved in the requisite quantity ox 


tlio quantity of tho latter is previously known). The j 
' ' ' is collected on a filter, washed 


mum 

roighod, and ^ 

2 to 3 parts pure magnesia, tho magnesia being dissolved in the x^uisito quantity 
nitric acid, the yellow precipitate in tho smallest possible quantity of ammonia, the 
two solutions united, and the liquid after, standing for somo time filtered from the 
iinimonio-inagnesian phosphate. This latter precipitate is washed with tho romaind^ 
of tlio weighed quantity of ammonia, tho filtrate is poured into tlie bulk of the nitric 
acid, and the yellow precipitate which separates after a while is removed by filtration. 
Il'bo filtrate, which contains al^ut 5 p.c. molybdenum trioxide, is now again ready for 

fresenius (t5f^. x. 204) evaporates tho filtrate from phosphoric acid precipitations 
^ drjnesB, and ignites the residue till the ammonium nitrate has ibr the most part 
been dwtroyed ; the residue is then digested with ammonia, which dissolves out the 
>^olylxlic acid. The filtered solution is treated with sufficient ma^esia mixture to 
Pjetipitoto any phosphoric acid that may bo present. The pracipitato, if any, is: 
•lUowod to subside well before filtering, and to the filtrate is added just sufficient 
ncid to render the liquid slightly acid. Molybdic acid is thus precipitated, and- 
1)0 obtained pure by syphening off tho supernatant liquid, and washing with a 
. H® The filtrate containa but little molybdic acid, and can be worked up. 

fresh rtsidues. ' • 

i prefers this metood to that of Mock above described. Muck on the other- 

objects to Fresenius’s method that it involves the evaporation of 
^j^qunntities of liquid, the addition of. ammonium salt^ and the treatment of there- 
in 0 ? ovaporation with ammonia, which last operation is often very troublesome, 
^nsequence of tlie presence of iron and caldum ealta. 
of?!!??’'”*— Chatard (Dtui, Chem. Ges, Ber. iv, 280) adds to the bolUnp solution 
ju^^Jvbtlite a slight excess of le^ acetate, and boils the resulting precipitato for 
lU • ? whereupon' it becomes granular and quidcly settles^ dowft. It is 

BiJJ, first with pure water, afterwards with a Tiny dilate solatwa of ammo-’ 
dried at 100^ separated from the filter, and ignitod in a porcelain cm* 


Sup, 
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818 MONAZITB— MORPHINE. 

JXeacU&ti with IPkowphorus T\richloride. See Fhosphobits -OhloBiiw. 

MOIFAftira. Native Ceroue Phosphate,— Qt. vom Btith {Jahf^wh f, JhRnerOogk, 
1871, 172) observed in a cavity of a sanadine bomb from Lake ^mch a crystal of 
orthite, on which Lay uno^cr crystal, 1 mm. in length, oliro-grecn in colour, and with 
a brilliant lustre ; the latter ho Ixslieves to bo moiiazitc, a mineral hitherto unknown 
not only at Ijaach, but in any volcanic rocks yhatovor ; from its minute size ho was 
unablo to analyse it, but its immediate association with the orthite renders it highly 
probable tliat it also is a cerium compound. The crystal is tabular and exhibits tho 
form, + P, + Poo , (Poo ), 00 P, (oo Poo ) and oopoo . Ratio of clinodiagonal : ortho- 
diagonal : pnncipal axis = 0-965886 : 1 : 0-92169 ; angle of inclined axes 103° 28'. 
The directions or cleavage of the Laach crystal also accord with those of monazite. 
A strong lustre arising from internal fissures is seen along the edges of tlio positive 
and negative hemidomos, and indicates a distinct direction of cloavago xiarallel to the 
base which does not form a fa<M of the crystal. There is a second cleavage parallel 
to the orthopinacoi'd. hfonazite has hitherto been found only in tho old plutonic 
rocks or in alluvium derived from them ; its mode of occurrence in Lake Laach fiiero- 
foro is peculiar. It furnishes a second instance of the occurrence of a cerium 
mineral in volcanic mosses, vom Rath haring previously found orthite (cerium 
silicate) at Lake Jjaach and on Monte Somma. 

IIOMTBVBABITII. See Phosphates of Aluionium. 

BKOmOWnaa This mineral, from tho Monte Monzoni in tho Fassa Valley, 
near the small lake of La SoUe, is compact and occurs in fragments. Hardness =6; 
Bp. gr. *■ 3. Fracture, splintery to imperfectly conchoidal. Colour, light greon, like 
that of many green horustones. Slightly translucent on the edges. Melts easily 
before the blowpipe to a shining greyish-green glass. Gives off a little water when 
heated in a tube. Insoluble in hydrochloric and sulphuric acid, but dissolves in strong 
aqueous phosplioric acid. Analysis gave — 

810" Al’O* FeO CaO MgO Ka>0 K"0 H"0 

62‘60 17-10 9-00 9-66 2’10 6*60 1*90 1*50 = 10045 


loading to tho formula 12(R"O.SiO*) + 4AHO».9SiO*. The mineral, -^frhen oxaminod in 
a thin slice under tho microsebpe, shows no signs of mixed constitution, and may 
therefore be regarded as a distinct species (F. v. Kobell, Jahrhuchf, Mineralogk, 1871, 

640 ). 

MOXVBIirBa C*^H*®N^O*. — Detection, According to Fluckiger (^rr A. Pharm, [3], 
i. 117), morphine may be detected in a solution containing 1 part in 100 by addi- 
tion of chlorine-water and ammonia. A red colour is thereby produced, which soon 
changes to brown. The iodic acid reaction, however (iii. 1052), by which^ a brwn 
colour is produced and the odour of iodine developed, is capable of detecting about 
1 part in 10,000. . 

Detection in <2fiwine.--Morphine may be detected in quinine by adding * 
the salt to a solution of potassium foirocyanido mixed with fernc <*tonde ana a 
small quantity of hydrochloric acid. If morphine (or any other deoxidising suMtanc } 
is present, tho solution speedily becomes blue (H. llagor, Chetn, Centr, 1872, 7*/;* 
aeration of Morphine and Strychnine.— OtU», in his ‘ Anloitung pt Brn^telung 
der Gifte.’ states that these two alkaloids may bo separated 
previously rendered alkaline, with ether, the strychnine then dissolving in . 
while the morphine remains in ihe aqueous liquid. , of 

the separation is not complete, the earlier ethereal 

stxydinine and morphine, wliile the later ones yield crystallisatwns in : 
moRihine can bo detected. From the residues if ---/ 

quantity of morphine can always extracted by amyl alcohol (Zettsenr\ ^ , 

’ For ^ detection of morphine Reubauer recommends the ® 

OlkUWhr. anal. Chem, r. 214), which consisto in adding to wo ;^Uib 


’ For detection of morphine Reubauer recommends the s 

OlkU^kr. anal. €hem,r. 214), which consisto in adding to wo sswptW 
>MnGy prepared solntion oi molybdic add in strong sulphiurm piq, ion ^ 
liquid assumes a violet colour, changing to bine and dirty^grew*' ■ iifciatibn 

Eetimaiion rf Morphine in Opium. — ^Methods of estimation 

‘Vli&^rfUSLrar. .iMn. . 

Rwril »13: Ohm, -' j 

Satt., Mandi 
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that Bqueon 0 solutloiis of offidoal alkaloid salts, especiUlly of morphino acetate, are 
aDb t^eposit quantities of llocculont substanco. In a solution of morphine acetate in 
Xich this h^ taken place, nearly all the acetic acid had disappeared, and tho mor« 
phiDO had separated in' crystals. 

Kyirocyanide . — A solution of pure ammonium cyanide added to a neutral morphine 
soluuon (oven diluted to throws down a ci^stalline precipitate of morphine hy- 
dMcyanido, very slightly soluble in water (Marsch, ibid. 1005). 

Derivatives and Polymerfdes of Morphine, 

Vltrosyl^derlwatlves. When morphine suspended in water is subjected to 
very rapid stream of nitrous acid vapour (obtain^ from nitric acid and arsoiiious 
acid) a yellow to reddish-yellow ciyatiiHine powder (A) is obtained, having the com- 
position C"‘n“(NO)“N*C)« + 2H*0. It produces a bl^k colour with ferric chloride, 
uuJ gives off its water at 126®. By gradually dissolving this substance in considerable 
(juantities of alcohol and distilling off the alcohol, a compound, C”H"(NO)WO® + 
iir^O, (B) is produced, which, when boiled with water, gives off an inodorous gas, and 
yields a filtrate which deposits a finely divided precipitate (0). The residue (D) left 
uf'tcr repeated boiling has, after solution in largo quantities of alcohol and distillation 
of the alcohol, tho composition When tho body A is treated in the cold 

with a mixture of strong sulphuric acid and § part water, a violent evolution ^ 
Yiipours takes place', which turns rod in contact with the air, and a substance (E) is 
formed, insoluble in the resulting liquid. The same substance is formed, with evolu- 
tiou of an inodorous gas, by similar treatment of D. This substanco does not exhibit 
any particular reaction with ferric chloride. Strong sulphuric acid colours it yellow 
with a tinge of red. Its analysis gave numbers which may bo represented by the for- 
mula C**1P“N*0*.2H*0.H*S0^. The base of this salt is precipitated by ammonia in 
A state of very fine division ; it gives a black colour with ferric chloride, hut has not been 
further investigated. The body A has tho composition of morphine nitrite, but docs not 
appear to be identical therewith ; neither does tho body D appear to be identical with 
Siliiitzftuberger’s oxymorphine (Is^ Suppl. 849). — (E. L. Mayer, Dent. Chem. Ges. Der. 
iv. 121). 

Chlorinated BerlTOtlwe produoed lir tlie aotlOB of Ifsppooliloroaa 

aeldi When a solution of morphine in excess of hydrochloric acid is treated with 
chloride of lime, greenish flocks are obtained, which, after solution in alcohol, preetpi- 
tniion with water, solution in ether, and distillation of tho latter (whereby tho flocks 
are converted into an oil which solidifies to a crystalline mass) have the composition 
C**H*'*C1®N*0*® (Mayer, loc. cit.) 

i^etyl Derivatiwaa I(Wright, Chem, Soc. J. [2], xii. 1033). Throe of these 
bodies liuYo been obtained, via. — 

Monoacotyl-morphino C”H”( C*H*0)N*0®, 

Diacetyl-morphino C*®II®®(C*H®0)*N*0*, 
Tetracetyl-morphiiio 0®*H*®(C®H®0)*N*0*. 

They are produced by the action of acetic acid and acetic anhydride on morphine. 
Tetracctyl-niorphine is formed by treating morphine with acetic anhydride in excess, 
piacetyl-morphine is known in two modifications, one of which (o) is produc^ by 
jiKvting morphine with glacial acetic acid, tho other (i3), by the action of acetic an- 
liydrido, in quantity less than sufficient to form tctroectyl-morphine. Monoacetyl- 
Ai^rphino is produced by heating morphine to 100® for an hour, with a quantity -of 
^utic anhydride considerably less than that whi<^ is required to produce fi diacetyl- 
morphine. 


^^nacetyl^orphine precipitated from the solution of its acetate, which is the 
'wetprodu^ of the reaction above mentioned, by sodium carbonate, exhibits properties 
mucli like those of diacetyl-morphine {infra). It is soluble^ in ether, a ^ror- 
J'fty which shows that it is not a mew mixture of morphine and diacetyl-morphine, 
vjS itself 18 nearly insolnble in ether. Its hydrochloride, (?*H**(C*H*0) 

obtained ly treating the base with a quantity of hydrochloric acid less 


ijj , hydrodilorides of morphine and diacetyl-morphino in equal quantities 


tho ^ cnrstulline mass wetted by a syrup which finally dries up to agl^ ovct 
ineSffv' *'■ 1 platinochloride prepared with the neutoal liouid obtoined by s^- 
solution of the base with liydrochlonc acid, has the composition 

rif ^ H»0)N»o*2HCl.PtCl*. , , - 

mbnoacotyl derivative shows that the ordinaiy formula of 
Thiiio,C>'H>-NO>, must bb doubled. 


3 a2 
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u, Diaestyi^morphine is obtained, together with ^ modifleationj by boiliiio 
morphino for BeveralliourB with twice its weight of glanial acetic acid in a Tesselwith 
inverted condenser. On dissolving tho product in water, adding ammonia, and shaking 
up with ether, an ethereal solution is obtained which when shaken with hydrochloric 
acid yields a copious crystalline hydrochloride ; and from this salt the base may be 
separated by ammonia ns a ilocculent non-crystullino precipitate, easily soluble in am- 
monia, sodium carbonate, caustic potash, ether, alcohol, and benzene ; from the last 
three solutions it separates by si30iitaneous evaporation as a gummy mass. It has 
also lK!on obtained 1>y a process the description of which is not yet published, in 
crystals contsiining 0*‘IP®(C‘‘*H“0)“N*0* + 2H-0. Tlie hydrochloride y 0**H“(C®H*0)* 
N*0*.2HC1+ 6H*0, is but sparingly soluble in cold water, but may be recrystallisod 
witliout change from hot water. The platinochloride, C**JEI“((?*H*0)*2^*0«.2IICl.PlCl«, 
is amorphous. 

When pure neither the free base nor its salts give any coloration with ferric chlo- 
ride ; this property distinguishes tho a from the fi modification, which gives a blue 
colour. 

/9. Biacotyl-morphUie is the chief product obtained by heating morphine to 100° 
for an hour with the quantity of acetic anhydride required by the cqiuition 

Ci4H»»N-0« + 2(C*H*0)*0 « C«H"(C*H°0/N»0'» + 2(C'H»0.0H). 

Tlio freo base separated from tho acetate by sodium csirbonato is readily soluble in 
ether, ammonia, sodium carbonate, and caustic potash, and is precipitated from ilfl 
salts in amorphous ^ikes by alkalis. It is miicli less stable than a-diacotyl-inorphinu, 
ordinary morphine soon crystallising out from its amnioniacal solution while aminu- 
iiium acetate remains dissolved — 

C«H“(C*H»0)=N*0« + 2Nn* + 2H*0 - C“H*“N*0« + 2(Nm0.C»H«0). 


The hydrochloride, C«H"(C*II»0)*N*0«.2HC1, obtained by treating the base with a 
quantity of hydrochloric acid not sufficiont to dissolve tho whole, dries up over sul- 
phuric acid to a gummy mass, which if perfectly dry majf be heated to 100° witliout 
ducompositiuii, but is decomiX)sed by heating if moist, gmng off acetic acid. By boil- 
ing with water, or by contact with excess of hjrdrochioric acid; it is decomposed liko 
the free base, morphine hydrochloride crystallising out, and acetic acid being set free. 
It is extremely hygroscopic and strikes a blue colour with ferric chloride. 

Tetraeetyl-^aorphine, C**H*\C*H*0)*N'*0*, is produced by treating morphine 
with excess of acetic anhydride, according to the equation — 

C«H*«N*0* + 4(C*1I*0)*0 = C«H«(C'*H»0)«N='0» + 4((7H“0.0H). 


The same result is brought about whether the matori.-ils aro allowed to remain in- 
tact at tho ordinary temperature for several days, or heated to 100° or to 140° f<w 
some hours ; on adding sodium carbonate to tho product dissolved in water, a precipi- 
tate is obtained, flooculent at first, but soon becoming crystalline ; tliis dissolves i^ily 
in other and is obtained in fine anhydrous crystals by evaporation ; it can also be re- 
crystallised without change from hot alcohol or benzene, and from chloroform; Jong- 
tentinued boiling wiUi alcohol partially decomposes it, whilst boiling with water 

quickly alters it. . >..i T.;«n it 

Tetiacctyl-morphine gives no colour-reaction with ferric chlomde ; like morpjnp • 
is but very sparingly soluble in ammonia and sodium carbonate, but J 

in caustic potash, when exactly neutialised with dilute hydrochloric acm, it ylouw 
solution wnirii on standing over sulphuric acid deposits crystals 
C«H”N*0*.2HC1 ; these are extremely soluble in water, so that thw fonn ^ 

before the whole mass lias evaporated to dryness ; if any excess ® 
present, partial decomposition takes iilaco during tho evaporation, acetic amo 
arolved.' 


The pfcifr’jiocWorwZr, 2 HCLPtCl*, is amorphous. ' V 

Tetraeetyl-moxphine when boiled with water graduculy diasolre5i| anaji?^ 
cess be: interrupt^ just as the last portions ore on tho point of jolutton 
an ho^ or two) the liquid consists almost wholly rof acetate of a-diac^ty™^^ , 
fnni^thus:— ^ 

0«H«(C*ff0yN»0* + 2HK) - 
If the actibn be prolonged, morphine acetate and free acetic edd 
+ 4H*p - C**HU^O*,2(Cn3^^ 

The syrupy mothcr^pquors from whiph tetrscotyl-mofrpW 
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foiitiin moro or low «-diacetyl-inornhino, probably formed by tbo action of the trace 
of v:iter taken up by the etlier used in the preparation of the tetracetyl-mo^hine. 

Appendix to the AoetyUderivcitives of Jiiorphifie, 

Diaoetyl-oodatoe, « C*-H^«(C3H»0)*N*0«. This base is produced 

l,V ’tailing codeine dn^ at 140® wiUi twico its weight of glacial aceUc acid for oiirht 
liouw in a vessel with inverted condenser : ^ 

C*W®N*0* + 2(C=H”O.OH) a 2il*0 + C**H'®(C*H*0)*N»0®. 

On fivaporating the resulting liquid to drynbss on the water-bath, dissolving the residue 
ill wJitcr, and adding sodium carbonate, a white precipitate is thrown down, flooculent 
ai iirst, but soon bot^ming crystalline on standing ; by rapid flltratioii this is separated 
tioni unaltered codeino, which is not immediately precipitated in this manner, save in 
vL-ry concontratod solutions. By dissolving Uie precipitate in dilute hydrochloric acid 
■mil repeating the precipitation by sodium carbonate three or four times, a product is 
obtiined quite free from codeine ; the last precipitate is dissolved in ether or hot dilute 
hIcoIioI, from either of which solvents the diacetyl-codeino crystallises in bold woll- 
.Icfinod anliydrons crystals ; it can also be recrystalliseil from licnsenO, chloroform and 
I. 01 I 111 S water without change, being readily soluble in all those solvents except water 
ill wludi it is only sparingly soluble even when boiling. * 

Diiioctyl ioileinc salts give no coloration with ferric chloride; the precipitated base 
IS but slightly soluble m ammonia or in sodium carbonate, but dissolves more roadilv 
in raustic potasli. ^ 

Th. hjdv^UoridA 2irCl + 4H*0. eryttollises well, and diesolves in 

M itt r more freely than the hydrochloride of codeine. The platinochloride, G"I1«N*0« 
L’llCl.rLdl*, is a yellow non-crystallino precipitate. 

No oUier acctyl-dorivativos of codeino have yet been obtained (Wright). 

Polptnevides of Morphine and theif Derivativee^ 

1. VolymerlsaUoii by tte aotton of Solpbiurio aolA. The investigations of 
Aijpo and of Laurent a. Gorhardt led to the conclusion that the final product of tlie 
action ot dilute sulphuric acid upon morphine was a kind of amide called eulpho- 
having the composition of morphine sulphate minus water (iii. 1055). 
Jlnfthiesson a. Wright, however (Proc, Hay. 80 c. xvii. 455), in repeating Arppo’s ex- 
loiinmnts, obtained a small quantity of a base exhibiting tlie quantitative roaotions 

[2]» 220) has shown that the main 

rLB iiL 01 the action of dilute sulphuric acid on morphine, first at 100® and afterwards 
ftt HO , polymerisation witiumt dehydration, the products successively formed being 
C'i]lSv>«^'i homologous with tricodoine, and totramorphin^ 

■ill I V 1 ^* ( homologous with tetrac&eino (p. 872). No dimorphine is produced, 

. iiioijgn dicodoine is easily formed under similar circumstances. These results show 
iiiiMlie so-called sulphomorphido is really the sulphate of tetracodeine. 

lion tnmorphino hydrochloride is dissolved in strong hydrochloric acid, and the 
bpt nt looo for eight Jiour*, a ahaago u produced fudikted by the^Sco- 
C>»*II*hn» 0*".6HCI + 2HC1 » 2H*0 + C«*H»*Cl*N«0>*.6HCl 

diluted with water, neutralised with caustic soda, and piecipi- 
ethrr- yields a white precipitate, for the most part soluble in 

11 TiBpifi V ^-1 solution, agitated with a fow drops of hydrochloric acid, gives 

cunhiTi urhich wholly refuses to crystallise, and accordingly does not appear to 
? ‘Appreciable quantity of upomorphine. On leaving it over siil^urw acid, 

to 100®, exUbited the Semposition 
^ that of the hydrochloride of a base formed from tri- 

^y substitution of Cl= for (HO)*. 

P( thm reaction in the substance which evidently corresponds in the 
fti ® *^® Po^yuAoride provisiondly viewed as ttieodeine in the codeine 

P^l^meridflo t corroborates the view that these substances are actually the threefold 
fV* trlnnfU: • "A^puine and codeine rospoetively. The action of hydxoehlorio acid 

‘^coaemeisa8iraplodehyd«ition(8eenbov©), 

C!«H»"N«0».eHa - 6H*0 -I- 


— — - .w— w. — T W M, 4.T V- .WMW*, 

trimopp^iine is of an entirely dififereiit character, the elements of HOI 
welf as those of 11*0 subtracted (see above). 

‘^orpmne, heated with hydrochloric acid, does not undei]^ aiqf transformation, 
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but 'simply forms the hydrochloride C*“II“*N*0**.8HCI. In tliis respect it xeaomblM 
totmcodfiine* but differs from diapotetramorphine, which undergoes a tzansfbnaation 
similar to tliat of trimorphine : ^ 

C>wiin«NsOW8HCl + 2HC1 « 2H*0 + C>”H»‘«C1’'N«0« 8HC1. 

2. Poljmarisatloii bjr the sMtloa of Phoaphorte aeld (Wright, CAcr/i 
Soc, J, [2], X. 6d2). Phosphoric acid acts on morphine in the same manner as m 
codeine (p. 372), excepting that the resulting polymerides of morphine are couvertod 
by abstraction of water into apo-dcri vati vos.* 

When 1 part of morphine is treated with phosphoric acid solution (3 glacial acid to 
5 water), and the liquid gently boiled until the boiling-point rises to 180°-19U° a 
brown liquid is obtained which, when diluted urith water, gives an immediate amor- 
phous precipitate with excess of sodium carbonate ; the filtrate from this, if quicklv 
sejmrated, contains unchanged morfihino, which gradually crystallises out on Btandin/ 
This precipitate is purified by solution in hydrochloric acid, reprecipitation by Bodiani 
carbonate, and rapid filtration; other extracts a very small quantity (less than 0*6 p.c.) 
of a base soluble in that liquid; on agitation with hyd^hloric acid, anhydrous 
crystals are obtained wliich present all the appearances and reactions of the hydro- 
chloride of apomorphiiic, C“H**N*0“.2HC1. 

The formula hero given to apomorphine, which is double of that originally assigned 
to it (1 b2 Suppl. 839), appears to be justified by a comparison of the results of the 
action of phosphoric and sulphuric acids on morphine and codeine, the apomarphinfi 
being in ail probability derived by dehydration from the previously formed dimorphine, 
by the reaction : ' 

- 4H*0 - 

Comparison of the physical properties of apomorphine and its salts with those of the 
different polymerides of codeine, likewise indicates a greater analogy to dicodeine than 
to codeine itself, or to tetracodoino. The systematic name of apomorphine is accord- 
in^y tetrapo-dimorphiiie. 

Mio portion of the precipitate produced by sodium carbonate, which is insoluble in 
etlier, oxidises by exposure to air with great rapidity ; dissolved in hydrochloric acid, 
and fractionally precipitated by sodium carbonate, it finally yields a light fawn- 
coloured precipitate, which rapidly darkens and absorbs oxygon while drying. Washed 
and dried as rapidly as possible, it gave numbers agreeing with the fbrmula 
Wright, however, supposes that of the 40 atoms of oxy^n, 18 were 
derived from atmospheric oxidation, and that the true formula of the recently formed 
base is According to this view it is diapo-tetramorpbine, formed 

by the reaction : 

4C“H”N*0« - 211*0 - 

Tills base exerts upon dogs an emetic action quite as powerful as that of apomorphine, 
but does not appear to uroduce so much after-depression. 

Action of Hydrochloric acid on Hiapo-tetramorphine. — ^When freshly preparod diap^ 
tetramorphine (unoxidised) is dissolved in a large excess of strong warm hydrochloric 
acid, the solution boiled down gently, almost to dryness, and finally evaporated to 
(^ness on the water-bath, a tarry residue is obtained, readily soluble in water; 
lion of strong hydrochloric acid to this aqueous solution throws down fiakes of the 
hydrochloride of a new base which is obtained in greatest parity by fractional 
cipitation with strong hydrochloric acid ; and tho lost precipitate being washed vUh 
weak acid, and dried at 100°, yields a brownish, tarry, brittle mass, much resembling 
the hydrochloride of ehlorotetrainorphine (p. 370), and having the qomposihon 
G'**H'”CI*N*0*®,8HC1. It appears to be formed by the reaction : . 

C»»H»«N«0»8HC1 + 2H01 « 2H*0 + C»*H>"G1*NK)"8HC1. 

In physical and chemical properties this substance much resemblee cU®**J®***^ 
morphine, from which it differs in composition by — ; sodium carbonate tbrovs 

down from its aqueous solution fawn-coloured fiakes, almost wholly 
ami darkening by exposure to air ; like all the other * tetia * bases it 
rod colouT on warming with an acid solution of silver nitrate. 

Afdim of ^driodio add and PhpMhonu on JHt^-Utramdrpk^^^ 
prepaid unoxidised diapo-tetramorphine is dissolved in dilute 
aid of heat, and the solution gently boiled down with the additipn of muielll 
die acid and a pibce of^hosphotas, tiU the boiling-point rises to 126^, 
is obtained, frofii .which, on filtration through asbestos and pv6dpltati(gt:^;in^ 

* The weAx apo mey to eonven^tly uied to deeteate generaliy the rnUbval 

H*0 ; dtopo, for.tlie teUMivat of.aiTO I tetrapo, foonSH}, end lo mu i 
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siilistiincc may be obtained undistinguishable in appearance Irom the similar body 
r,>sultinf; from annlogoufi treatment of tetracodeino (p. 373), nnd haring the composi- 
lion It is produced by the reaction : 

C>“Ili*»N"OM.8HI + 2HI - + 2H*Q 


wliicli is perfectly parallel with the reaction with hydrochloric acid {infra) and with 
I hi notion of liydriodic acid and pliosphorus on tetracQdeino (methyl being eliminated 
iu the latter case) : 

C>wH««(0H»)"X»0«.8HI + lOHI - 8CH«I + 2IPO + C>"H“'»I*N*0--'.8HI. 

Wlion lion ted it leaves a very diiRcnltly combustible cliarcoal. With nitric acid and 
(silver iiitmlo it strikes a blood-rod colour. 


3. Polymerlsatioii bp the action of Zinc Ghlorlde (Mayer a. Wright, Chm, 
Soc. J. [2], xi. 211). When morphine hydrochloride is heated for a short time with 
h ooiieciitnitctl solution of zinc chloride, a crystalline compound of the two is obtained, 
from wliich, by repeated solution in water and dystallisation, the sine chloride may bo 
n moveil, t lie morphine hydrochloride remaining undissolvod. But. if the heating bo 
^•ontiriueil, there are formed, according to t]io temperature and diimtion of the actioUi 
tlu' li;y'(h'OL'}i1()rulcs of the following bases : 


A. Tctrapodimorphvie (apomorphino) . . , C“H”N^0*.4IICI 

B. A chlorinated ha&e, soluble in other, and yielding > ri]i 4 TTi 7 nivr 2 rki ouni 

an iincrystalli.sablo hydrochloride . . ^ CIN O .2HCI 


C. Octapotetramorphine^ ^lymeric with njKimor- 
phino, insoluble in eUier, and yielding an un- 
crystalli sable hydrochloride • • . . 

I). A chlorinated lase, insoluble in other, and yield' 
iug an unciystallisable hydrochloride 


Ci»«H***N‘0“.8H01 

C*«H»“CIN«0«.8HCI 


K. A base probably isomeric with apomorphino, or 
Xicrliaps impure apomorphino. 


Tlio axiQinorpliino is formed when the mass is kept at a temperature of 120^-125^ 
for more than twenty minutes, the yield being larger the lower the temperature ba- 
tuueii tlivse limits, and the more concentrated the solntion zinc chloride. The bese 
isomeric with apomorphino, but difiering from it by fornung an unstable platino- 
(•liloritlo, and the chlorinated Imse B, were formed after treatment for an hour at 170®, 
Orfa}}otciranu)rphine (C) was xiroducod when ne^ly equal volumes of solid zino chlo- 
I'iilc, strong hydrochloric add, and morphine, were heated together in sealed tubes to 
]80°-220° for 24 hours. Its hydrochloride is much like those of chlorotetraroorphine 
iincl Lromotetramorphino, but has a darker colour; it is insoluble in absolute but 
soinblo in dilute alcohol ; with nitric acid it gives a dirty-red colouri and with sodium 
<^rl3onatc an amorphous precipitate almost insoluble in e^or. This base diffiKn 
from apomorphine in being destitute of emetic properties. 

Tlio chlorinated base, D, is formed by prolonged exposure of the mixture to a lower 
tempcviituro (36^48 hours at 100°). Its hydrochloride yielded, with sodium carbonatp, 
prccipitiito insoluble in ether and only sparingly soluble in chloroform. If it is a 
B'Tiglo Biib.stanco, it may be regarded as formed from the chlorinated base. B, by poly* 
uicns.'itioii and subtraction of the elements of hydrogen chloride — 

4(C”H”ClN®Oi2HCl) « 3HC1 -i- C«H»»C1N*0«.»HC1. 

r \r ^ by tbe Mtlon of Hydrooliloilo Aold. The experiments 

MatthieBseu a. Wright have shown that when hydrochloric add acts on morphine in 
Y at 140°-150®, apomorphino is product (Is^ fibopf. 83&). Other nrodnets 
1 ,.'’. formed at the same ume, varying in compositioD Becoming to the tem- 

/ rutiiro, the proportions of the materials used, and the duration of the action. The 
r’ been obtained: — (A) By hdtting morphine in afladc bn the .water-bath 

IV- K ^ times its weight of strong hydrochloric acid, then diluting with 

neutralising with caustic soda, precipitating with sodium carbonate, dis- 
of) 'T Palpitate in ether, and agitating the ethereal solution with a few drops, 

on acid. (B) By heating morphine as in A for five houn, and eyacknathig 

fti,- ^ater-bath in an open basin for four hours, more. (C) 'Bj gently boiling ^r- 
“•s b ® ^ hydrochloric acid for four hours, the product bring treated 
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The analyses of these products leads to the follo^ng formulm^ 

(A) 8C«H“N-0« + 26nCl - 4H»0 

(B) 4C«H”N*0« + 13HOI - 2H*0 

(C) 4C®*H‘«'NsO« + 18HC1 - 4HSO. 

which are those required for mixtures of bases denoted by the fomulo!--- 

(A) = 5P + 2Q + R 

(B) - 3P + R 

. (C) = P + 2Q + R 

P = C«H'>C1NW.2HCI « Morphine + 3HC1 
Q =1 0«H»’C1N’‘0\2HCI = Morphine + 3HC1 - IPO 
R C»*H“OPN*0.2IIC1 - Morphine + 4HCI - 2H»0 

whence it is considered probable that the following reactions take place — 
+ HCl 


whero — 


Morphine ' 
0«h«'N*0«.2HC1 


BiwoP 

C«H>“ClN20«.2HCi 

P im g Q 

C«U*'ClNK)>.2fiCl + 


Bose F 

C**H"C1N20«.2HC1 


Q 

= H*0 + 0»*H«C1N*0».2HC1 

Base It 

HCl = H*0 + C«H“C1*N*0*.2HC1 


i.e., that the elements of HCl become added on to morphine previously to the abstrac- 
tion of the elements of H'O, a reaction simihir to that which takes place in the case of 
several codeine derivatives (p. 371). 

The last-formed base, R, is hqmolopfous with chlorocodide (p. 369), the reactions 
wliich express the fornnition of the two bases from morphine and codeine respectively 
beiqg pr^iscly similar — 


C*H«N*0«2HCl 

Codeine 


+ 2HC1 - 2H»0 + 


C»*H«N«0«2HC1 

Morphine 


2HC1 - 2H*0 + 


C»*H«C1*NW.2HC1 

Chlorocodide 

0«H“C1«N*0*.2HC1. 

Base B 


Now as cliloiocodide reproduces ordinary codeine by the action of water (le^ ^pyl. 
481), it is evident that no polymerisation has taken place during its formation ; and 
as its formation appears to be preceded by the formation of a tese homologous with 
base F, it follows that the formula of codeine must be written C’^IP'^N’O*, instead of 
the half of this, as formerly, while by analogy morphine must be written 0”H"N*0*, 
a result in accordance with the composition of mono-acetyl-moiphine (p. 819). 

Base Q is no doubt identical with the body of the same composition obtained by the 
action of itinc chloride on morphine. 

When tho action of hydrochloric acid or morphine is continued beyond the point 
reached in 0, apomorphino hydrochloride is produced, together with tho hydrochloride 
of a chlorinated tetrabase, C***H'^^CPN*0**. Those bases ore probably formed by 
polymerisation of the bases F and R, and subsequent elimination of the elements m 
hydrogen cliloridc : thus — 


2(C«H«K3raW.2HOl) 

Base B , 


4HC1 + 0“H“N*0».4HCl 
Teitnpi 


4(C«H"C1NW2HC1) « 2HC1 + 

BewP 


C»*»H*MC1*N»0«;8H01. 

New chlorinated 

: ■ ■ ■ totrabHM, ■ 

T^is Tiew is corroborated bv the fiiet that when tho mixture of P and B obtsilibd in 
experiment B was gently boiled with hydrochloric acid for two houm, apoiuoii^iiM fni 
the (dilorinated' base were produced in considerable quantity. 

Mttaa of^jOrlodlo AoidtapmaM 
pliomi (Wright^ Chem, Cent. 1872, 313). When morphine is heftted win 
fonr tinies its weight of ^ueous hydriodic acid (containing 54-58 p.o; HIX tbs 
becomes brown mm separation of iodine; bnt if phosphorns to then 
coioor disappears, and a , syrupy liquid is obtained, u^idi, when treated Ib tlgiSj 
nuinnjBT lu in the conespdnding codeine reaction (p. 371), yi^ a 
composition— ■ 

' C*<*H*«IW0».4HI or 4X + 2H1 - 4H*0, " 
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irhere X denotes the hypothetical base, G**H*^-0*; and the reaction takes place ac- 
cording to the equation— 

4C«H“N*0« + 28fll « 4H*0 + 8I« + 

This product closely resembles that vbich is obtained in like manner from codeine, 
llefltcd for about 5 hours with about 300 times its weight of water, it yields, by elimi- 
nation of 2HI, tho compound 8HI. If this product be fiirther treated 

water, one half of tlie basic iodine is again eliminated ns HI, yielding 

C'“H'®'IN*0'-’®.8HL 

All these iodised derivatives of morphine rcsemblo tlie corresponding codeine deriva- 
tives in chemical properties and in physiological action. 

The table on p. 826 exhibfts the relations to morphine and its polymerides of the 
di rivatives above described, such derivatives being actually derived from morphine as 
giartiiig point ; several bodies derived from codeine as starting point, and also belong- 
ing to one or other of those series, are tabuhitcd under Codrixe (p. 375), In this, as 
in tho preceding table, the symbols ]3« M*, M®, M\ are applied respectively to mor- 
phine, dimorphino (hypothetical), trimorphiue, and tetramorpliino. Each of these 
bases forms a hydrochloride (and probably other analogous salts) in which tho number 
d molecules of HGl associated in the salt with the basu is equal to the number of 
nitrogen-atoms in tho molecule of the base, i.e., two for derivatives from morphine, 
four for those from dimorphino, six from trimorphino, and eight from tetramor- 
pliine. 

Another class of bases included in the table, and designated as the tetrahydro-series^ 
is formed by the derivatives obtained by tho joint action of hydriodic acid and phos- 
rhorus on morphine ; these may be all viewed as derived from a hypothetical base re- 
k(!(l lo tetramorphino, and containing H'® more in its molecule than tliut substance ; 
or, whut amounts to the same thing, from tho tetra-polymerido of a base containing 
IP more than morphine, i.e. having the formula (C®*H*®N®0®)* » (fl + H*)*. 

OxIttattoB of Morpliino BerlvatlTOO* When apomorphine hydrochloride is 
heated with excess of potash-ley, the base, which is at first precipitated, redissolves, 
and tho solution quickly turns brown in consequence of absorption of oxygen from tho 
air. By agitation with ether, after neutralisation with hydrochloric acid, a peculiar 
colouring matter is extracted, which imparts to tho ether a fine purple-violet tint, 
siffijrding a good test for tlio presence of apomorphine. On agitating the ethereal so- 
lution with an alkali, a grass-green watery layer separates, from whicli hydrochloric 
acid precipitates indigo-blue flakes insoluble in water and in acids, but soluble in 
alhlis with green colour, in water eontiiining ammoniacal salts with light blue 
colour, and in alcohol, benzene, carbon sulphide, ether and ddoroform with various 
shades of purple arid violet. Especially remarkable are the variations in the depth of 
colour produced by equal quantities of this substance in equal volumes of different 

The analysis of tho purified blue precipitate led to the empirical formula, 
No means have, however, been yet discovered of fixing its molecular 
^'cight ; it does not unite either with acids or with bases ; its neutral ammoniacal solu- 
bou, prepared by dissolving it in aqueous ammonia, and leaving the solution for some 
days over sulphuric acid, gives no precipitates with silver nitrate, lead acetate, barium 
&c. witli mercuric chloride, how'ever, it forms a dark-brown precipitate con- 
wiDiug chlorine and a largo quantity of mercuiy, and probably consisting or a mixture 
w toloiuel with the mercury salt of some oxidation-product of the blue compound, 
^lapodimorphino and deoxymoipliine treated in like manner likewise yield the blue 
wpound, but it is not produced from tho monomorphino derivatives, or from any de- 
ivativo of the totra-series (Mayer a. Wright. Chm, J, [2], xi. 1082). 

of Boat OB MorphlBO Berivativeo. The hydrochlorides of the mono- 
'jiojphino derivatives are decomposed by gradual heating to 160^-180®, and the pro- 
with caustic potash and mi£illed yiedd pyridine, together with small 
liU - niothylamino, tlie latter probably arising firam decomposition of a 
miin huse formed during the reaction. The totra-derivatives treated in like 
mothylamine but no pyridine, and the di-derivativos yield no volatile 
ithoT 1 . These results indicate a different relation of the nitrogen to tho ' 

ti the sovoml polymeric groups (Mayer a. Wright» Chm, Soe, J. [2], 
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MOSCHATIN-MUOIO ACID. 


BKOSO&AiTnr. A nitrogonons substanco contained in tho Iva plant (AxMlea 

iiwschata ; see AchiliaAi p. 21). 

fgaOlO AOIB, (Limpiriclit, Ann, Ch. Tharm, clxr. 203). l^ormal ethjfl 

C“II“(C*H®)®0*, is not formed by the action of Jij-drochloric acid or Bulpliunc 
jicid oil a mixture of mucic ncid and alcohol, and can only bo obtained by Malaguti's 
method ; by heating mucic acid with sulphuric acid until tho mass blackens, mid 
addiiiff Jilcohol to it after 1 2 hours' standing. The crystalline proiluct is again allowed 
to stand for 24 liours, then wnshed with cold alcohol, and recrystallised from hot 
alcoliol ; it melts at IfiS®. lly boiling with water it is decomposed, mucic ncid sepa- 
riiting out. Hot alcohol also decomposes it partially, with formation of the 
iirid ctJicr, C“1I*0"(C-*H*), which remains in tho mother-liquor. It crysUllises in 
M'liitc silky needles containing 3 mol. of water, and is readily soluble in alcohol and 
Avatui' ; at 100*^ tho water escapes, and the ether melts to a glassy hygroscopic mass. 
Wiioii t]io normal ether is carefully heated in a retort, alcohol distils over, and an 
:imber-colouro(l mass is loft behind, which is readily soluble in water, tho solution 
coiitiiining mucic acid. On heating it gradually to 240°, the distillate contains water, 
alcohol, iwromucic acid, and a volatile cryst<alline substance, which is insoluble in hot 
^vatoi^ The residue forms a black humus-like mass dissolving in alkalis. 

diloromuoonie Aoldp This aci<i, which was discovered by Li^.s- 

Jlodart (iii. 1058), and afterwards investigated by liode and Wlchclhaus (v. 1003), is 
obtained by heating mucic acid with phosphorus pcniachlorido and decomposing tho 
pnK'luct w ith water.* It forms long white needles, dissolving readily in alcohol and 
etlier, and in 19 parts of boiling water, but only very sparingly in cold water ; it is a 
bibasie acid. When it is heated, a small quantity sublimes, but the greater part 
undergoes decomposition. Bromino does not act on it in presence of water at a gentle 
heat, l)Ut by heating the substances in closed tul^ss, a great qmintity of carbon dioxide 
is formed, together with a ciystiilline compound and an oily liquid smelling like 
pepper. Alcoholic potash acts but slowly on tho acid ; belgw 190^ a largo quantity 
ri Timins unaltered, whilst above 200° a most violent explosion hakes place. By keeping 
till) tcni])crature between these limits, the acid is resolved into hydrochloric acid, 
ai'Ltii! acid, and oxalic acid : — 

CH'CPO^ + iH^O = 2nCl + 2C2H^O- + C«IPO'. 

Bydronmoonle Aeldp C‘H*0*. This compound, which lias been already de- 
ppribed by Bode and Wichelhaus, and by Schmelz a. Beilstein (iv. 764), under tho 
Diinio of mnconic acid, is produced by the action of sodium-amalgam and water- on 
cliloruniuconic acid. It is a bibasic acid, forming long white needles, melting at 195° 
and dissolving readily in alcohol and hot water, but only sparingly in cold water. 

liromhytlromuGonic Acid, C^H’BrO^ + 11=0, is formed by dissolving 1 mol. of hprdro- 
mucoaic acid in hot water and adding 1 mol. of bromine. It forms white, shiniiig, 
hard prisms, melting at 183°; it is easily decomposed by heat, and dissolves readily 
in hot, but sparingly in cold water ; on evaporating tho aqueous solution on a water- 
bath, hydrobromic Jicid is given off. 

OxyhydromViConio Add, C"H*0=, is produced by adding freshly precipitated silver 
oxide to an aqueous solution of bronmydromuconic acid. It is readily soluble in 
>vatfip, alcohol, and ether, and crystallises with difficulty. It volatilizes without de- 
composition. The barium aalt, C=II"BaO* + 2H=0, is precipitated from a concentrated 
aqueous solution by absolute alcohol, as a crystalline po't^er which gives off part of 
its water at 105°, being converted into 2C=H*Ba0* + H*0. 

Tho metlicr-liquors of biomhydromuconic acid contain dibromadipic acid, C*H*Br*0^ 
^'hich by tho action of moist silver oxide is converted into dioxyad^ic acid, ; 

“|}<1 by heating liydromuconic acid with bromine and water in different proportions, 
Jnbromadipic acid, C"H’Bp* 0*, and totrabromadipic acid, C*H^p*0\ are produced, 
the former of which is converted by moist silver oxide into trioxyadipic aci4 
Iwe Adipic Acid, p. 28). 

. Mnoonio Aold, C*II*0*, is obtained by adding silver oxide to a hot solution of 
^Bodibromadipic acid (formed by a^ing bromine to a warm solution of h^romuconic 

ID glacial noetic acid) and decomposing the resulting silver salt with hydrochloric 
It forms large, appowntly ‘monoclinic, crystals, melting above 
-tur dissolving fireoly in irater, alcohol, and, ether. Thofiariwrtsif/, (CsH^OBy-fBa 
Ti warty crystals and is freely soluble in watefi but not in alccmol. 

Wttw salt forms a ayrupi tho amiMnium wU gives a white precipitate with 

the product Is cansWerabbr Ineppsssd by addl- 
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gilver nitrate, and its aqueous solution becomes acid on evaporation. When mueoniri 
acid is heated for somo time to 100^, or a little higher, carbon dioxide is evolveduui 
the residue assumes a dark colour. By boiling the acid vrith baryta-water it yields 
carbon dioxide, acetic acid, succinic acid, and another acid which could not beobteined 
in the pure state. 

^ Blnoobromio Aeldi C^H-Br-O*. This acid, discovered by Schmelz a. B^lstein 
(iv. 763), is obtained by adding bromino in excess to pyromucic acid in presence of 
water — 

0»H^0» + 2H*0 + Bp« =. C'H*Br=0^+p0*+6HBr. 

It crystallises in shining white plates, melting at 120^-130^ and dissolves readily 
in ether, alcohol, and hot water, but only sparingly in cold water. ^ 

One mol. mucobromic acid heated with 3 mol. bromine and water in closed tubes to 
120^-130^, yields tribromethyleuc dibromido and hexbrometbane, together with com- 
pounds isomeric or identical with dibromofumaric acid and tetrabromobutyiic acid. 

DibromofuTnaric Acid, C^II*Bp*0*, forms warty crystals melting at 108®-120°; on 
hcatin|; it in a current of carbon dioxide to 100^-106^, tlio anhydride, C'Br-O*, sulj. 
limes in needles, melting at 9o°-120®, and volatilising readily at 70®, and at tlie 
common temperature in vacuo. On dissolving tlio anhydride in cold baryta-water 
and evaporating tlie solution over snlphnric acid, the salt, C^Br^O^Ba + 2H’‘0, crystal- 
lises in fine plates. The mother-liquor gives with alcohol a crystalline precipitate, 
C^Br*0<Ba + H^O. The aqueous solution of the barium salt gives with silver nitrate 
h white explosive precipitate. 

Tetrabromobutync Acid, C^II^Br^O-, crystallises from a hot aqueous solution in 
transparent oblique plates, melting at lid®, and dissolving but sparingly in cold 
water. 

Tribromeihyleite dibrottiide, C-HBr*, crystallises from alcohol in long, brittle needles, 
melting at 50®-52° ; on heating it with alcoholic potash, it is converted into teira- 
hrowethylenic, C^r*, crystallising in thin plates molting at 60®. 

C'Br*. forms thick colourless prisms which are insoluble in alcohol, and decompose at 
170® (Limprecht). 

BKVOXir« Mucin from the submaxillary gland has been examined by J. Obolonsky 
{Med.-Chtm. Uniersuchungen, 1871, 690). It W'as prepared as follows. The salivary 
glands of the ox were cleaned as much us possible, and finely rubbed down with 
pounded gloss. ^ The mass was placed in water and allowed to stand over-night, then 
filtered, the residue being again treated in the same manner. Tlio filtrate wasprodpi- 
tatod by excess of acetic acid, and the precipitate was well washed with water and a littl'; 
acetic acid, afterwards with warm alcohol, and then dried. This substapee, insolnblo 
in acetic acid, is obtained only from the submaxiUaiy gland, the parotid yielding only 
albuminoids (globulin). Tlio glands contain none of tlie substance described by 
Mioscher as nuclein. 


rest in hydrochloric acid. Mucin contains no sulphur. The amount of phosphoric 
acid (1 06-1 07 p<c.) agrees with tho quantity of ash. Mucin ^e from ash has a 
composition (the mean of two analyses) 62*2 C., 7*18 1I>, 11*87 N., 28*76 0. This 
agrees very nearly with Scheror's analysis of mucin from a cystin fluid, viz., 62 C., 
7 0 H„ 12'6 N., 28*2 O. It differs from Bichwald's analysis (48*9 C., 6*8 H., 8*6 N., 
36*8 0.) chiefly in tho amount of nitrogen. 

^ Tresbly precipitated and moist mucin swells readily in water, is easily soluble in 
lime- and baiyta-wutcr, not precipitate by tannic acid, ferric chloride, or maMpric 
chlorido. It is soluble in concentrated hydrochloric and nitric acid, also id kodiiin 
cartonato. When mucin is treated with hot alcohol and dried on the water-tetb, it 
scarcely swolls in water, and is veiy slowly soluble in lime- or boiyta-water, 
solution. The solutions behave like tlie former in regard to the aboine-inentknw 

. 

Dried and pulverised mucin, heated for 25 minutes with dilute sulphurle sM;" 
partly dissolved, and gives, with excess of caustic soda and copper W 

precipitate of cuprous oxide. If it bo heated for a longer time, the qoaptil^ 
agent dimim^es, and ultimately disappears. This foeVand the iii8<diibih^,% ^ 
r^ttcing apient in absolute alcohol, show that it is not identical either 
sugar or. milk-siigar. ■ ' 

MmunamT^aAVU. E. Beiehanbaeh Ijinn. ck 
exaimnod the composition of mulbeny- leaves from different -cbiratries 
to the view, suggested by Liebig, tliat the silkworm disease which 
hut not in China or Japap, hoe its origin in de&ient Or nnsnl^l^ 
following table gives the results of his analyses for 1,000 ]^xtti6f the 
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Nitrogen 

Fzotfdn 

BUbstanco 

Ash free 
from 
carbon 

K“0 



FO* 

SIO* 

NaCl 

Japan 

32‘8 

201 

125-9 


37'93 

7-35 

7*90 

41*11 

3*41 


33*6 

210 

135*8 

32*74 

40*11 

7-61 

7-31 

46*13 

4*06 

Chins 

31*3 

195 

135*8 


37-42 

10*26 

6*67 

47-23 

6-67 

Piedmont . 

23*4 

146 

141*7 

34*14 

51*04 

5*61 

5*65 

47-58 

2*25 


23*4 

146 

144*5 


51*90 

6*14 

507 

51*36 

2*96 


240 

loo 

146*7 

24*04 

62*84 

4*45 

6*30 

51*74 

2*38 

AUU (France) . 

23*8 

148 

119*6 

33*17 

48*37 

5*25 

6*25 

24*21 

2*06 

hrescia 

33*6 

210 

113*4 

26*00 

34*08 

6-88 

8*77 

29-32 

2*65 


Vrom these numbers Liebig and Beichcnbach conclude that French and Italian 
mulberry-loaves, on account of their comparativo poorness in nitrogenous constituents, 
do not aflfurd suificiont nourishnioiit for the silkworms imported from China and Japan, 
Arhich are accustomed to a moro nutritive fodder. 

Ill nmlberry-leaves from Turkestan, whore also the silkworms are free from disease, 
Reichonbach found from 3*38 to 1*05 (average 3*73) p.e. nitrogen, which is equivalent 
to£2Jl-2r):i lbs. of protein substance in 1,000 lbs. of leaves (Ann, Ch, Phamu clviii. 92: 
Chcni. Sue. J. [2], ix. 435). 

On the other liand.'Scstini {iM^idwirth. Ver.'tuchs.-Siatwncnt xv. 286) finds that the 
leaves of mullerry-trccs grown at Friaul in Italy contain a larger proportion of nitro- 
gen tlian those from China, Japan, or Turkestan. The trees hacfall been manured 
with (lung, and wei*o usually strijDped of leaves every second year. The following tatle 
shows the percentage of water m the fresh leaves, and of organic matter, ash, and 
iiitrogfiii in tlio dry leaves; also the composition of the nsli at various stages of 
growth : — 



Mows alba sHvatica 

Mows alba domestica 

Chinese 

nuilberrirs 

Iiiiprovcd ! 
native 

SJullici-rIcs 

: 











Aprilj May 

May 

May 

April 

Mny 

May 

May 

Aujrust 

Aui^iist 


‘^8 

8 

1*J 

17 

•il) 

8 


17 

24 

24 

Water , . , 

76*6 

71-3 

60-7 

62*2 

78*1 

73*6 

70-1 

69-4 

72*4 

06*9 

i Organic imittcr 
i Anh 

91*8 

92*3 

93*1 

91*6 

91*7 

92*8 

m 


91*7 

71*6 

8*2 

7-7 

6*9 

8-5 

8-3 

7*2 

7-1 

7*2 


28*4 

1 Nitrogen . 

6*1 

5-3 

4-6 

3*8 



4*6 

6*6 

4-1 

6*1 


9*4 

m 

SO 

11*6 

9*0 


m 

15*2 

8-0 

15*0 


21*1 

24*6 

26-0 

28*31 

24*3 


27-6 

28*9 

31*7 

33*3 

7-6 

ESI 

9-0 

8*8 

7*5 

8*2 


7-9 

11*2 

■EEH 


15*6 

17-1 


19*0 

16*6 

17-9 

18*2 

19*2 

24*1 


■^nlphiiric acid . 

1*8 

1*6 

1*8 

2*1 

20 

2*5 

2*9 

2*9 

1*3 

1*3 

Phosphoric acid 

248 

21-7 


ITT] 

20*1 

19*6 

18*1 

13*5 

18*1 

12*1 

l^hlorine . 

Undetermined, and i 

‘loss . . 1 

1^ * 

2*1 

.1*7 

1*2 

1*1 


1*3 

1*3 

1*1 

•7 

4*9 


17-6 

13*0 

14*4 

12*2 

18*3 

13*8 

13-1 

11*3 

0*8 


®oaia; 
the soluth 


MQIBCAXnrB (Sclimiedbeig a. Poppe, Dent Chm, Gee. Ber, iii. 281 ; Biudcert, 
iu-p. Pharm, zxi. 193). An alkaloid of unknown composition contained in the fiy- 
ganc (^ariciM mnecarivM). To prepare it* the alcoWic extract of the evaporated 
j We IB dissolved in water; the solution precipitated with basic lead acetate and am- 
evapoiated to dryness ; the i:esidno again dissolml, and 
‘ ■ " “ . coijcon- 

to expel 

Sim) fk — "i*"* euuHUibou wiuu oubuium oiimiui, luo »-ii*pomted, 

me residue dissolved in water ; the bases are converted into snlphates, which are 
in athor to remove acetic acid; the ether evaporated ; barium hytoto added 

tai ^V'^^tity to leave the solution slightly add; and the mnemne pr^m- 
c'tfteT with potassinm-mcriury iodide or with potassium-bismuth iodide. If the 
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former reagent is employed, the precipitate is washed on a filter with water containinff 
sulphuric acid, then susponrlod in water; an equal volume of moist iKirium hydiata 
is added ; and the liquid is treated with hydrogen sulphide, and the filtrate with silrar 
sulphate. After another filtration the liquid contains nothing but muscarine, together 
with the silver salt, which is easily removed. When potassium-bismuth iodide is 
used, tho product is larger but less pure (Sdimiodberg a. Pop]^c). Buckert finds that 
when potfissium-mercury iodide is employed, a kilogram of thick extract yields from 
7 to 8 decigrams of muscarine sulphate. 

Muscarine forms a colourless or yellowish syrupy substance, without taste or smdl 
soluble in all proportions of water and alcohol, insoluble in e^or, and only sparingly 
soluble in chloroform ; it hooonies crystalline over sulphuric acid, but is very delique- 
scent. It has a strong alkaline reaction, and precipitates iron and 'Copper salts ; boil- 
ing for 6-10 minutes with potosh-lcy or diluted sulphuric acid has -no apparent action 
on it ; heated with moist solid potash, it evolves ammoniacal vapours having a fishy 
odour, no browning taking place until the heat has been continued for some time. 
Manganese dioxide and sulphuric acid, chloriuc-watcr, permanganate of potassium, 
and a mixture of potassium chromate and sulphuric acid, produce no coloration, the 
oxidising agents being, however, reduced. Bxccssofbromine-wator gives a yellow pre- 
cipitate, soon redissolving, and forming a yellow solution which soon becomes colourless. 

Mcrcury-^tasssium i^ide and bismuth-potassium iodide g^vo amorphous precipi- 
tates, becoming crystalline on standing ; gold chloride yields a non-crystalline procipi- 
tiite, while mercury chloride yields crystals on long standing ; platinic cMoriao, 
potassium ferrocynnido, potassium platinocyanide and tannin do not precipitate tho 
sulphate. Tliis salt is deliquescent, aud crystallises by evaporation over sulphuric 
acid. 

Muscarine is a strong narcotic poison,, and is antagonistic in its action to atropine. 


MVaCirZhAJt TZflflVS. (I'ick a. Wislicenus, PhU, Mag. xxxi. 485 ; Parkee, 
Proo. Roy. Soc. xv. :130, xvi. 41 ; Pettenkofer a. Voit, Zeitschr. f. Biologiet ii*. 566; 
Chem. Cenir. 1867, 790 ; Siiz, d. k. Bayer. Akad. d. Wiss. 1867, i. 364 ; McDonnell, 
Oba. on the Functions of the Liver^ Dublin, 1865 ; 0. Kasse, Butrdge z. Phye. d. con- 
iractilen Substanz, Arch. f. d. Ges. Phya. ii. 97 ; L- Hermann, Uniera, iiber die Stoffwceh. 
d. Muakeln, Berlin, 1867). Tho nature of the chemical changes which give rise to 
muscular ener^ can hardly be ^ret considered as fully elucidated, though wo are in a 
position to ma^ some pretty positive statements on the subject. It would appear tlmt 
the older idea, that the combustion of some nitrogenous substance was tho source of 
muscular work must bo definitely abandoned, or at least must be understood in a very 
dififerent sense from that in which it was formerly accepted. Pick a. Wislicenus, 
Parkes, and others, have proved that tho nitrogen excreted from tho body during mus- 
cular work and some hours after it, is, even when its energy of combustion is calculated 
as high as jKMsiblo, quite insufiicient to account for the work done (see Isf 
Nutbition, p. 874) j aud Haurocki {BdirSye z. Sfojfweck, im Mitakcl; Central./.^ d. 
Med. Wiaa. 385), Voit, &c., have shown that the products of nitrogenous waste (creatine, 
creatinine, dec.) are nqt increased in totanised muscles. We are thus reduced fora 
starting-point to the old observation that the venous blood which leaves a contiactiof; 
muscle contains more carbonic anhydride and less oxygen than that leaving a resting 
muscle, and are led to suspect that whatever changes may occur in the protcid matters 
of a contracting musdo, the substances which the muscle loses by its contraction con- 
tain no nitrogen. M'DOnnell has shown that muscular tissue contains glycogen, and 
that this, during contraction, is converted into glucose; and Nasse, who cemfirtBS 
also finds that tho total quantity of glycogen and dextrose in a muscle in A state of 
rigor mortis is less than that in muscle killed without stififoning ; and this, gains nn- 
portance from tho fact that, as we shall hereafter see, rigor mortis and muscuUs con- 
traction are probably fundamentally of the same nature; however, the quantity ci 
carbon which disappears in the form of tho above compounds is not ^ 

account for that in the sorco-lactic acid which is formed at the . same tiinei a^ taat 


the observation docs not, by itself, go for mudi. ^ ^ iW 

Hermann, by a series of most careful analyses and ostimations of thS 
by frogs’ muBcloB under different conditions, has thrown mudi light on 
processes which occur during muscular contraction and also on Ute nsA^; fSP 
mortis, and, as the result of his experiments, has put forward a theory 
unite previous observations in a consistent manner. He shows fint that 
of carWic anhydride and the taking up of oxygen, though they go on swW^^ 
a contracting muscle in. the body, are yet quite iMcpeudent prosesses; 
deprived of blood, ^vos off in a vacuum a certain amount of carbenie 
some nitrogen, but no oxygen whatever ; but althougji it iB-thns: eiibWil:^.^g ^^ .,;i. 
free oxygen, yet, if it be nuido tor contract or be thrown into n irtate Of 
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vill giire off a larg;e additional quantity of carbonic anhydridoi while at the same time 
sarco-liictic acid forms in it. Moreover, if a muscle bo tetanised as long as it will contract, 
the total quantity of carbonic anhydride given off b^ it is less tlian that which would 
have been given off by throwing the muscle directly into rigor mortia ; but if this latter 
condition be induced a^r tUe tetanisation, exactly the missing quantity of carbonic 
•mliydride is evolved. We must therefore conclude that a living musde contains a do- 
finite store of some unknown substance which yields carbonic anhydride and saico-lectic 
acid, and that the breaking up of this substance lies at the bue of both muscular 
contraction and rigor martia ; and, farther, that the process can go on quite indepeu- 
ilcutly of any simultaneous taking up of oxygen. When the experiments were repeated 
in. a gaseous mixture containing oxygon, Hermann found that he could establish no 
jiliyKiological absorption of that gas ; a small amount of it disappeared, and. there was 
ii small increase in the quantity of rarbonic anhydride evolved, but both these pheno- 
iiiona were dependent on decomposition going on at the surface of tlic muscle, and were 
proportional to its area and not to the work dono ; the imtability of the muscle, how- 
tver, was somewhat longer preserved in gaseous mixtures containing oxygen than in 
others; and this may be attributed eitliorto a very small and otherwise unrecognisable 
physiological assumption of oxygen, or perhaps to some specific oction of the oxygen, 
promoting tho excretion of the carbonic anhydride formed in the musclo. 

If wo now consider the relationship of contraction and rigor mortia^ we find that, so 
fcir ns tliG carbonic anhydride and lactic acid are concerned, the chemistry of tho tw'opro- 
LTS.SC8 is identical, and that they are also quantitatively related ; for, as above stated, if 
ii muscle be thrown into a state of rigor after having been made to contract, tho quantity 
nf carbonic anhydride which it evolves is less than that which an un worked muscle 
would havo evolved, by exactly tho amount which was evolved during its contraction ; 
uo havo apparently, however, a difference between the two processes in tho stiffening 
of ritjor mortis. Hu Bois Heymond .and Kuhne maintain that the acidity of tetanised 
muscle differs from that of stiffened muscle in tho fact that tho former can bo removed 
l)y rostoring the circulation tbroughJbhe.muscle,.and tho latter not. Hermann, however, 
shows tliat this diflference is really only one of degree, for if a musclo bo rendered acid 
by commencing rigor (induced by heat), while the blood current is not interrupted in 
it, this .'icidity can bo removtxl by the blood flow; in other words, if the rigor mortia 
is lint allowed to go ^ for, the state of tho musclo ns regards the acidity is tho samo ■ 
both in tetanus and in death-stiffening. XHi Bois Reymond also points out that if a 
muscle bu tetanised till it will no longer contract, and be tlxen loft to itself for a time, 
it will again become contractile ; and ho maintains tliat such restoration never occurs 
after rigofr mortis ; this statement, however, is also true only of advanced, not of in- 
cipient Hgor, Bresh mnscle-plasma sets, soon after extraction, into a clear semi-solid 
jelly (myosin), which after a time separates into a completely fluid portion and a 
ilcj)8c clot (coagulated myosin), the latter at tho samo time becoming opaque. It 
is evidently this second stage of tho myosin coagulation which cocrespouds with tho 
condition of things in a completely stiffened and opaque muscle ; but it must be pre- 
ceitcd by ^lo former, in which the setting of the myosin is not sufficiently firm to make 
any rigidity roct^nisablo, and when us yet no opacity has been developed. This 
early stage of rigor mortia, which can only be recognised by the development of an 
uud reaction in the muscle, and tho concomitant evolution of carbonic anhydride, is 
evidently the stage which should be compared with the state of a muscle exhausted by 
U'lJiiuis. The non-coagulated jelly-like myosin of this eBrly* stage of rigor caii be 
restored to its original state by tho blood, tho muscle at tho samo time losing its 
BciUity and returning in every respect to its normal state. If, however, the myosin 
iias coagulated and become opuque, the blood is unablo alone to restore the muscle ; 
ijut, as Preyer {Cmtr, /. d. mad, ' Wiaa, 1864, s. 769-778) has shown, if the 
(■Jj»gulated myosin be dissolved by soaking tbe muscle in a 10 p.c. solution of sodium 
« Morido, then restitution by tho blood is possible. Coag^ulated Inyosin must then 
preBent nn obstacle to the restoration of tho muscle, which myosin before it has 
cwgulatod does not present. . ‘ 

which Hermann arrives at is therefore as follows : That muscular 
?■ .’ ^lo'igh in tlielong run dependent on oxidation, is not immediately so ; but that 
muscle contains a store of smne substance (inogen) which, when the muscle 
iirf breaks up in proportion to tlie work done (ana independently of any taking 
bod' . carbonic anhydride, lactic acid, myosin, and possibly some otlier 

products of decomposition stronger affinities are satisfi^ than in tho 
'n and thus energy is set free and manifests itself as muscular work. 

which the musde loses during contraction (and whidi arc normally 
ij, ^ the. blood) contain no nitrogen : for the myosin romains in the muscle 

form, and is used again, being built up, by the. aid of oxygen and non- 
compounds conveyed to it by tho blood, into tho priginnl UDsiabib muscle com- 
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pound, vhich is again stored awaj ready for use. If, however, the miukdt he remevad 
from the hlood-earrent, or be heated to dO^ C., the jelly-like myosin first s^arated soon 
passes into its firmly coagulated stage, and is tlien unfit for further use in the muscle- 
possibly a small amount of this may be formed in an overworked muscle, and be after- 
wards broken up and carried away in the form of simplor'comppunds ; hut if nnygIQa^ 
amount of ites formed, then the blood cannot restore the muscle, which renuuns (until 
decomposition sets in) in a state of rigor mortis. The energy set free during the form- 
ation of the carbonic anhydride, &c., and showing itself normally as a muscular con- 
traction, must of course, in a musclo passing into the state of aeath-stifTening, take 
some other form, and probably appears as heat. 'Whether the lactic acid formed in 
a contracting muscle is carried away, or is used again like the myosin, is nneertain, 

fl. N. M. 

MCVflTAUa White mustard seed contains a glucosido, sin a lb in, which is 
soluble in alcohol, and, like potassium myronato, decomposes in contact with ai^aeous 
extract of mustard : — 


« CiraSO + C>»H»NS09 + 

Sinolbln Acrinyl Sinapisino Sugar . 

fiulphoGjtiunte sulphato 

an albuminous substance being likewise formed. Acrinyl Bulphoeyanato resembles 
oil of mustard, is soluble in etlicr, very pungent, insoluble in water, but not volatile ; 
after warming with an alkali and neutralisation with an acid, it gives a red colour 
with ferric chloride. Sinapisino sulphate is insoluido in other. 

Sinalbin gives a white precipitate w'ith silver nitrato, from which sulphydric aci<l 
removes the silver, leaving acrinyl cyannte, C’^IPNO, fusible at 69®, easily soluble iu 
water, alcohol, and ether. When boiled with potash it gives ammonia and the potas- 
sium salt of an acid, fusible at 136®, but apparently diiTeront from the known 

acid of this composition (Will, Zicit&chr.f. Chem. [2], vii.i89). 

The relations of these compounds to the other constituents of mustard do not appear 
to have been mode out. 

On Volatile Oil of Mustard, see Sulfrogtaxatbs. 

MTOOmiiSO AOnif This compound, which Liebig a. 'Wohler 

obtained by the action of ammonia on alloxan (iii. 1068), is likewise produced by the 
action of Iwiling water on axulmic acid or hydrozdlmoxin (p. 416). 

Mmiilir. The lithomaige from Bochlits in Saxony, known as myelin, has been 
variously represented by the fbrmulm AFO*.SiO* (Kersten) and 2Al*0*.Si0* + 11*0 
(Breithaupt). To ascertain its true composition, Fronzel (J. pr. Chsm, [2], v. 401) 
analysed a pure snow-white kidney-shaped specimen carefully freed from adhering 
ferric oxide. This mineral gave, in two analyses, the following results : — 

SiG* Al'0» CaO H“0 

fl. . . . 43-94 39-40 0*42 17*1 1 * 100 87 

b. , . . 44-19 39-68 0'47 16-67 - 100-81 

Tho pulverised mineral heated to 100® gives off 2*66 and 2-80 p.c, hygroscopic 
water. On deducting this water and the lime, the preceding analyses gave 
SIO" A1*0* HH) 

а. . , • 46-27 40*69 14-66 

б. . . 46-44 40-60 14*27 


leading to the formula Al*0*.2SiQ* + 2H*0, whi(& agrees with that of nacrite, 
carnat, and the lithom^e of Schenckensteln noar Anerbaeb* Cainsdorf near Zwi^a, 
and a few other localities. All these minerals give up more or less hjgrosoopiQ vaw 
at 100®, hamely : carnat from Eochlitz, 1*8 ; liUiomazge from Auerba^ 1*2; naenta 
from Freiberg, 0*8 ; and kaolin from Seilitz, 0-16 p.c. . r At in 

Myelin app^rs homogeneous under the microscope, and does not jpolan^ 
whici^reapect it resembles carnal. Nacrite, on the other hand, cmtellmes itt hc xagff^ 




sufiiciently well mode out to enable us to decide wheth^ those mineials 
and the j»me species. Kenngott promsed to unite nacrite with l^lfc 1 
Itthomai^ is regarded as a hardened kaolin. On the other 
varieties of lithomarge, namely myslin and carnat, are identical, imd, Jt; ^ 

fore be advisable to discard the name carnat altwther,. ^ 

MVelin of the same composition as that found by Kersten i8 is>4 tO 
near Temesvar in- Hungary. 

inmiflnomniv 0*^*^ The terpene obtained frbm 


« There Is an error in ihle . equation : eitiier slinabln mast 
tnltiH". " ^ . 
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mfXlSTXCOK. An oxidised oil forming the diief constituent of the volatile oil 
of nutmeg, froni vrhicli it may bo separated by fractional distillation. It was first 
olitained by Gladstone {Chem, Soc. J. [2], x. 11), and has been further examined by 
Wri'^bt (ibid. xi. 549, 686). It has the characteristic smell of nutmeg; boils at about 
220° (Gladstone) or between 212*^ and 218*^ (Wright); has a high refractive power 
(p. 730)> Gladstone obtained by its analysis numbers ag^eing approximately with 
the formula Wright, on tlie other hand, regards it as isomeric with ordinary 

camphor, C**H**0, his analysis giving 78'8 and 78*3 p.c. carbon and 10'3 hydrogen, 
ami tbo formula C*®H"0 requiring 78*94 C. and 10-53 H., whereas C*®H“0 'requires 
80 00 C. and 0-33 H. 

3 ryristicol, treated with phosphorus pcntachlorido, is decomposed in the manner cf 
alcohols, according to the equation ; 

t PCI* = HCl + POCP + C>®H**C1. 

The chlorinated compound thus obtained is crystalline, and melts at 100^. When 
lieated for some time, or repeatedly distilled at a very slow rate, it splits up in the 
numner of secondary alcohols, yielding hydrogen clilorido and a hydrocarbon contain- 
in'; the elomeiits of water less tlian myristicol : 

C'®H»»C1 =. HCl + C'»H*^. 

Tliu hydrocarbon thus obtained is ordinary cymene (p. 410). 

MYATanv The torpone from volatile oil of myrtle. 


N 


VABOMTB. This name is given by Flajolot (Compi. rend. Ixxi. 287)) to a 
IcAd-ere from a vein of galena near the hot spring of Hamman-Nbail-Nador, in the 
proviucu of Coustiutino, Algeria, to which he originally assigned the formula 
Sb*0*.PbO, deduced from an analysis which gave 44 p.c. Sb®0*, and 56 PbO, PJsani, 
on the other hand (t5id. 319), finds that the mineral contains chlorine as an ossontial 
constituent, and gives by analysis numbers agreeing with the formula Sb®0*.PbGl* — 
Sb“0» PbO Pb Cl 

Analysis 37*40 27*60 26*27 9 00 = 100-27 

Calculation 36*82 28*12 26*11 8*95 » 100 

Phijolot (ibid. 406), on repeating his analysis, found 51*60 p.c.Pb, 32*25 Sb, 8*000, 
•'iiid 8'R5 01, whence he deduces the fonnula SbOClPbO, agreeing in percentage com* 
position with tliat of Fisani. 

In an oxidation-product of nadorite Flajolot found — , 

Sb“0> Sb>0* CO» PbO H“0 

4*80 35*50 4*20 51*50 4*00 

and supposing the antimoniouB oxide to be nn incompletely oxidised residue of the 
n^ginnl substance, ho regards the mineral as a definite compound, represented by die 
formula PbO.Sb*0» + PbO.CO* + 2H’'0. Pisani, on the contrary, regards it as a 
Jxture of bleiniorite (i. 326) and cerussite, crystals of the latter of which are indeed 
implanted on it. 

. ^Injolot regards an amorphous argillaceous mass from the same locality, con- 
ingGS'GO p.c. Sb*0*, 31*40 Fe*0* and 5*10 11*0, likewise as a distinct minora) 
represented by the formula 2(Fe*0»,Sb»0»).3H*0. ' 

WAVUxn'ii. See Aconite Aucai^oxds (p. 23). 

C'®H®. Spnihew . — ^This hydrocarbon is formed bypassing the 
pnonylbutyleno bromide, C*®H**Br*, over quicklime heated to dull red^ 

- C*®H® + H* + 2HBr. 

ohtidned by treating an etlieroal solution of bwigrl bro^ 
OTfir W ®^vl .iodide -with sodium, distilling, and collecting the portion which pilMMB 
theo-,^; 176® and 178®. The decomposition of its hromide yields neany tho 
*cal quantity of naphthalene (Aronho^ Jkut. CShe/nu Qw. Set, vi. 67). 

^ Ball6, perfectly pure naphthalene has merely a faint and 
^Suppl, ■ 3H 
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by Tio means unpleasant odour, the pungent odour of (se-called) pure conuneitiai 
naphthalene being duo to admixed leucoliue oil, which may bo eoparated from it Lv 
boiling with strong sulphuric acid, and precipitating the resulting brown solutions 
ammonia (p. 787). wim 


Reactions. — ^Naphthalene exposed to Uio vapour of nitromuridtio add at ordinaiTf 
temperatures, is converted into naphthalene tetrachloride, C*»H*C1\ and chloponanlitW 
lone totrachloride, C'®H’C1.C1* (Bunge, LettL Ckem. Gee. Bar. iv. 289). It is not aetJ 
upon bynliosgene (Borthelot, Bull, Soc. Chim, [2], xiii. 301). Tor its reaction w 5 
stdphuryl hjfdroxyGhloridey S0*HC1, see NAFHTUALBKs-sxrLr*HONic Acid (p, 836). 


Compounds and DeHvaiiees of Naphthalene, 


AeenaphUieiief This hydrocarbon, which occurs in lloa^•y coal-tar oil 

and is formed synthetically by pissing a mixture of naphthalene-vapour and ethylenJ 
through a rod-hot tube (ls< Siippi. p. 3), may also bo produced from ethyl-naphtha- 
lene (ihid. 849) by passing the vapour of that compound through a porcelain tube at a 
bright red heat, whereby naphthalene and occnaphtheno aro produced, and may bo sepa- 
rated by fractional distillation. The change may bo also effected ^jn the wet way by 
heating ethylone-napbthalono to 180® witli two equivalents of bromine, treating tlio 
crude liquid (whicli cannot bo purified by distillation) with alcoholic potash at 100®, 
and at the end of twelve hours pouring the mother-liquor into water. The heavy oily 
layer which separates is distilled, and the portion passing over at 300® is treated witli 
alcoholic picric acid. The red precipitate, decomposed by ammonia, gives a liquid 
which deposits crystals of acenaphtheno (ficrtholot a. Bardy, Compt, rmd. k-vir.) 
According to Qraebo {Dmt. Chem. Ges, Ber. v. 16), acenaphtheno melts at 99®- 100®, 
and has a vaponr-den;Eiity of 6'35 (calc. 6*33). According to Behr and van Dorp (t6id^ 
yi. 60j it melts at 94®-96®, distils at 267®-269® (uncorrectod), and is oxidised by boil- 
ing with chromic acid mixture to njiphthophthalic acid, C*®H® (CO*H)*. 

On Naphthalene Tetrachloride and tlio Chloronaphthaloncs, see 8uppl. 846- 

According to Grimaux (Bail, Soc. Ckim, [2], xviii. 206) the tetrachloride heated 
with 30 parts of water to 180®-! 90® for some hours, or boiled with water, is converted 
into dichlorouaphthydreneglycol, C’®II"Cl®(OII)®. 


WltronaplitbaleaM (A. de Aguiar, Iknt, Chem. Ges. Ber. v. 370). Compare iv. 14 
and Ist Su}^. p. 848. At least seven distinct nitro-comjxiundB are producible by tlic 
action of nitric acid on naphthalene, and may bo separated with more or less difflculiy 
by fractional crystallisation, glacial acetic acid serving bettor ns a solvent than etbylic 
or methylic alcohol, benzene, or chloroform. 

Mononitronaphthalene is best prepared by treating naphthalene dissolved in boiling 
glacial acid, with ordinaiy nitric acid, and boiling for half an liour. No red vMours 
are evolved, and on cooling, the whole becomes a mass of crystals, which aro perfectly 
pure after one crystallisation from alcohol. According to De .A^iar, the pure^* 
pound melts at 61®, which is some degrees higher than the melting point found by 
Laurent, viz. 43®, 

Dinitronaphthalene . — Fuming nitric acid and naphthalene, boiled together for 
hours, yield this compound in two modifications, a and S, in nearly iequal quontitiw* 
On coofii^, a crystalline mass separates, usnally containing only traces erf trinitn»ig“" 
thalene. This mass is washed and dried, and then boiled wth glacial acetic acid(abo“* 
2} rimes its weight). Puro a-dinitronaphthaleno remains undisaolved, and may be ciyfr 
tallised from a large quantity of fresh acid. The /3 modification is much wuWfl 
than the a, and is readily obtained puro by a few fractional Gtystallisatioss of the pn)* 
duot obtained from the dissolved part. The two bodies differ in their crystalline 
and melting points, the a modification molting at 216® and the fi at 170®. A 
tity of what appears to be a third modification is also obtained^ but cannot *esw 
pimfied, as its solubility is nearly the same as that of ^-dinifronaphthalAnia . 

WnUr(maphthalene.-- T!wo modifications of this doritativo'eadsti ^lw^^® 
tainedbj the action of nitric acid on naphthalene; their separation andptiftWi^^ 
however difiBcult. Huch better results are obtained by nitrating «- Atw 
—'^thalene in sealed tubes at 120®-! 30®, or in a retort with 
' hthaleno, thus treated, gives a product which after 
^ Isation from, alcohol, benzene, glacial acetic acid, efc 
beat), yields fine crystals of o-trihitrohaphtbalene; m^*’**" “ * 

oaO'- niA«'mifwvnaWii,!UniA'nA lihoi mafinor' 


yihg at io®; ... „ ^ 

moling at 218® f tholatter is mfich l ess »>luble in ai^iotai4 < 

fonner, but may be erystalliaed from these soltcnts. 

' ■ 
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Boiletein a. Kuhlb^ {Jknt, Chem. Ges, Ber, r. 480), by treating dinitronaphthaleno 
fmp. 212°) with a mixture of nitric and sulphuric acids, have likewise obtained two 
trinitronaphthalenes, one probably identical -with Laurent’s, melting at 208°, the other 
at 147°. 

'j^etranitronaphthalene, — If tlie action of the nitric acid in preparing trinitro- 
naphthalone be carried on for two days, totianitrated bodies are formed, a-tctranitro- 
naphthalene obtained from a-dinitronaphthalene is almost insoluble in alcohol, cannot 
iKi crystallised from acetic acid, but crystallises readily from chloroform, the crysbils 
melting nt 259° and solidifying at 225°. /3-tetraiiitronaphthalene melts at 200° (Do 
Aguinr). 

irAPBTBA&Bn COBOVIUi (Ballo, BingL pol. J. cxcv. 82). A mixture of 
fuchsine and monobrumonaphthalene forms when heated a violet colouring matter 
{liniilar in oveiy respect to Hofmann’s violet. The saturated alcoholic solution of this 
dye-stnif has a. deep violet colour almost black; iwthe solid state the substance re- 
jinnibles fiichsino. On adding a small quantity of hydrochloric acid, the colour of the 
nlcoholic solution changes to blue and on further addition to green. The addition of 
iin nlkali, or even of alcohol, brings about Uie same changes of colour in the reverse 
order. 

BAVBTBAMlTB-CaJUBOBnZC AOZB. Syn. with Naphthoic Acid. 

KAVBTBA&Bm-POTASBXinBt The substance formed by fusing 

naphthalene with potassium (Is^ Sup^l. 844) is converted by heating with ethyl bro- 
mide into a hydrocarbon, (? dinaphthyl) (Abo^janz, Dcut, Chem, Ges. Bcr. v. 

102 ). 

WAPBTBAKBlTB-BVXiPKOlRC ACZB. According to Morz a. Weith {Bent. 
Chem. Ges. Ber. iii. 195), the action of sulphuric acid upon naphthalene at compara- 
tively high temperatures (160^-170*^) yields chiefly the /8 modification of naphtha- 
lene- monosul phonic acid, C'®H’.SO*H, whereas at lower temperatures (80°- 
lOU®) the product consists chiefly of the a modification (Is^ Suppl, 860). In mixtures 
contiiining a considerable proportion of the a-acid, the separation of the two is best 
efTccted by convei*ting them into calcium salts, the a-salt being the more soluble of the 
two. The a-sulphonic acid is partially converted into the $ modification when its 
lead salt is heated to 100° with moderately concentrated sulphuric acid. 

By treating naphthalene with sulpkuryl hydroxycldoride^ SO*.OH.Cl, both modifica- 
tions of the monosulphonic acid appear to be produced. With 2 mol. of the hydroxy- 
flilorido to 1 mol. naphthalene, tho disulphonic acid, 0^®H*(SO*H)*, is obtained 
(Armstrong, Chein. &Qc. J. [2], ix. 173). 

PAPBTBAQVZirOirBf This compound, which Hermann obtained in 

small quantity by the dry distillation of potassium chloronaphthasulphoquinonnte (ls£ 
8^ppl. 852), lias lately been obtained more abundantly and in groater purity by C. E. 
Proves {Chem. Soc. J. [^2], xi. 209) by the application of Graebe a. Idebermann’s 
method of preparing quinoncs — namely, by oxidising naphthaleno with a solution of 
I’hromic anhydride in glacial acetic acid. Eor this purpose a solution of naphtlialene 
in warm glacial acetic acid was treated with . an almost saturated solution of chromic 
anhydride in the same solvent, whereby great heat was evolved, the solution turning 
green and depositing a green chromium salt on the sides of the vessel. As soon as the 
rc^tion was complete, the product was diluted with water, whicdi dissolved tho chro- 
mium salt, and at the same time produced an orange-coloured precipitate containing 
the impure naphthaquinono. This, when collected, washed, and drieo, was of a deep- 
ymlow colour, and had a strong odour, arising from the naphthalene which had 
<‘Hcapod the action of the chromic anhydride. As the naphthoquinone in this precipitate 
accompanied by a certain amount of black tarry matter, very difficult to sewato 
®*y8tallisation, it was found advantageous to purify it paitially by distillation 
wo vapour of water, in which it volatilises easily, although not so reaaily as naph- 
inif k ^^®.long, bright-yellow crystals which adhered to tho sides of the oondens- 
gtubc, consisting almost entirely of naphthoquinone and naphthalene, wore either 
hitter by alternate crystallisation from light petroleum oil, 
^ h^s'ilphido, and alcohol; or the greater part of the naphthalene was previously 
07ed by allowing the mixture to remain J&rooly exposed to the air for some time 
jvarm place. ' : * 

Aphtbaquinono identical with the above is produced by oxidising tho liydrochli|^dd 
^•“idacetonaphthalSde, »ith a Ip-c. •dliiUon of dnmolc - 

•knuton a. DitUer, Dmt. Otm. Ga. Str. yl 9*6), " 
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Naphtliaquinone, preparod by either of these processes, is a bright-yellow crystalline 
substance, which molts at about 125°, and begins to sublime below 100°. AItliou'»li 
but slightly soluble in cold water, it is readily volatile in vaiwur of water at lof^ 
communicating to it a pungent odour, like that which is so characteristic of ordinary 
quinone. It is but slightly solublo in light petroleum oil. ro.adily in benzene, carbon 
bisulphide, cliloroforin, and other, especially when hot, and crystallises by spontanoons 
evaporation from its solution in the latter in well-formed rhoraboidal plates. It is 
very soluble in boiling alcohol, but crystallises out in great part on cooling. It dis- 
solves in conceiiti'ated sulpburic acid, and in glacial .acetic acid, being again precipi. 
tated on the addition of water; also in alkalis, forming a reddish-brown solution, jn 
which acids cause a precipitate of a bright-red colour, the nature of which has not Vet 
been examined. Wbon the quinone is boiled with concentrated hydrochloric .icid, it 
is apparently converted into hydromonochloronaphthaquiuono in a manner similar’ to 
tliat in which hydrochlorotiuinone is formed from ordinary quinone (Groves). When 
boiled with pure nitric acid, it is oxidised to phthalic acid (Liebormann a. Dittler). 

Hydronajphthaquinone, C'®II"0 » C*®JI®(Oir)-. — A cold aqueous solution of sul- 
phurous anhydride is almost without action on iiaphtliaquinonc, but when the latter is 
boiled with strong hjtlriodic acid and .amorphous phosphorus, it dissolves, forming a 
colourless solution which deposits long needles of the liydronaphthaquinone on cooling. 
Tills compound crystallises in colourless needles which melt at about 176° ancldissolw 
with comparative readiness in boiling water, crystallising out again, in great part, on 
cooling. It is readily soluble in alcohol and etlicr, even in the cold, also .in glacial 
ncctic acid, -slightly soluble in hot benzene, crj'stiillising out again on cooling in tuf^ of 
colourless needles, and almost insoluble iii carbon bisidphido and light pet roleiim oil. 
When treated with oxidi.siiig agents, such as chromic acid, &c., it is reconverted iiile 
the quinone. 

On boiling an aqueous solution contidning a molecular weight of hydron.iphthaqui- 
none with a molecular weight of naphthaqninonc, the latter dissolved, yielding a pale- 
brown solution which, as it cooled, dejposited the dark-purple crystalline naphtha- 
quinhydrone, analogous to the quinhydrone or green liydroquinone of the 

benzene series. The same purple quinhydrone was obtained when nnphthaquinonc 
was boiled with amorphous phosphorus and a weak solution of hydriodic acid. It is 
readily converted, by treatment with strong hydriodic acid, into colourless hydronapli- 
thaquinone on Uie one hand, and by oxidising agents into naphthaquinono on thu 
o^er (Groves). 

OsjOAptathaqnlnonea* Monos:ynapkthaquinone or Na^hthalio acid^ 
fO^ . • . 

C'®E®0* — C^*H*(OH)-' is most easily formed by heating Uio hydrochloride ot 

di-imidonnphthol (p. 841) to 120° with dUuic hydrochloric or sulphuric acid : 


fNlI. 

C'®H“(OH)|^^ > H»0 


NH=» + C^°H®(OH) 



It dissolves sparingly in water, easily in alcohol and in ether. Reducing agents con- 
vert it into dioxynaphthol ; zinc-dust, with the aid of heat, into nephtlialenc. It 
hibits the characters of a strong acid. Its ammonium mlt is a red, crystalline, easily 
soluble moss. The Bilver salt crystallises in cinnabar-rod needles. The ammonium 
salt forms with ferric chloride a red-biown precipitate, with cupric sulphate a 
rod, with mercury salts an orange-coloured, and with barium diloride a red precipitnc*' 
(Gxnebe e. Ludwig, Ann. Ch. Pkarm. clir. 803). n 

Dioxynaphthaquinonc or ^ aphthazarin^ C'*®II®0* ■» C*®H\OH)* J 


This substance was first obtained by Roussin (iv. 16) by the action of strong -g 
nci4 sine on dinitronaphthaleno. It sublimes in small red-browu i. 

long needles having a bri^t green metallic lustre. With baryta- and 
gives fine violet-bluo precipitates; with magnesia, a crimson ; with AjJ 

a blue ; and with ferric suits a black precipitate. Ammonia dissolvps naptJiatann^^^ 


i ny long standing changes to a reaaisn-vioiei; ; 
sulpliuric odd gives in the cold a beautiful mogcnta-colowd ^lutibn from 
water precipitaten rod ^cks. It dissolves slow^ly in boiling 
alcbholi and erystallisjos therefrom. By heating with zincrdust it: fa 
tiialene (lAobermhiin, CJhem. Ges. Ber. iii. 705). , 

Do Aguiar a. Baeyer {ibid. iv. 251, 438) find that siwhtiuutarin^ is 
■ modii&ition of dinitrouaphthano (molting at 214°). To pro^o it,the 
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loiK' w'liS nddeJ to sulpliuric acid Jioatod to 200®, and tlien zinc in small portions ; tho 
li.niivr.ituiv WHS kept constant for about twenty minutes, and then themiiEtiire was 
iiiloffcd to cool ; when cold it was treated with boiling watca? and left at rest for 
■is lioui-s. The precipitate was then filtered off, slightly washed witli cold water, and 
tRMU'd wtih strong aqueous potash, any traces of unaltered dinitronaphthalene being 
,MrM)ved by filtration. The beantifully coloiirod blno liquid was now supersaturated 
villi ililiitc sulphuric acid, whereby the crude naplithazarin was slowly precipitated ; 
ii v,;s tliuii filtered off and dried at 100®. As thus prepared it contains a black sub- 
fciiiiifo. which cannot be separated by sublimation, as a largo portion of the naphtha- 
zariii becomes carbonised at the same time. The purification may, however, bo 
iC'i'Lcd by dissolving the crude naphtliazariii in warm glacial acet ic acid, filtering 
from thi) 11 udissolved black substance, and distilling at a temperatiiro a little above 
]a0^ The naphthazfirin is thereby obtained as a crystalline substance having a 
nirUllic lustre. 

The snnio result is obtained^ by heating a-dinitronnplithalcno with sulpiniric acid 
wiiliont the aid of zinc. In this case it is not nccossai'y, as stilted by Persoz {Compt, 
lii. 1178), to raise the temperatiiro above 200°, but tlio heating must bo con- 
fimiud three times as long as when zinc is employed. When i giams of dinith)Daph- 
thnUnifl were boated with snlpliuric acid to 200° till the whole was converted into 
ii.inhthazariii, iHO c.c. of gas were obtained, containing in 100 volumes 8G‘lfi vol. SO*, 
7 01 N., and G*54 00-. 

Ill tlu! blue liquid above mentioned, from which naphthazarin separates on boiling, 
tilt) foi'ijiatioii of that substance likewise goes on in the cold, inasmuch as the blue 
lolour giMihuilly changes to red. Nevertheless, the blue solution does not contain 
iiaphllmzarin ready formed, and it contains only a small portion of ammonia, the 
(juaiitily of which is, however, considerably increased by boiling. If the sulphuric acid 
he removed by barium carbonate, a Iduish- violet liquid is obtained, which, after removal 
of tlio Ciirbonate, still contains barium. It turns blue when acidulated, and red w'hen 
lunlt'il, aiiiuionia being then formcfl and naphthazarin becoming recognisable. From 
tliu acidulated liquid containing barium, and likewise from tho original bluc<viulet 
liquid, there is deposited, on standing, a second com|X)nnd distinguished from naph- 
tliazariii botli by the violet colour of its solutions and by its different chemical be- 
haviour. This body likewise yields naplithaziiriii, with separation of ammonia, but 
thc! transfoimation is somewhat slower tlian that which takes place in the solution. 
TIuk hist.-nu'nLionod compound is usually present in naphthazarin prepared byBoussin’s 
rroceirs. Tlio greater part of it carbonises when heated (Dc Aguiar a. Bayer). 


Trioxynaphthaquinonet = C*H*(OH)* | This is tho 

fillief constituent of the bhwk substanco above raentioneil. To prepare it the cooled 
product of thc action of sulphuric ttcid on dinitronaphthalene is mixed with water, and 
till! black precipitate filtered off from tho blue-violet solution is repeatedly boiled with 
water acidulated with sulphuric acid ; much ammonia then passes into solution. The 
pnxinct is dissolvod in soda-solution, again precipitated by sulphuric acid, the pre- 
well washed with hot water, and then dried at 100°. The product thus puri- 
fml luis the compo.sition of trioxyuaplitliaquinono. The same body is obtained by the 
'u'linn of sulphiu'ic acid on pure nnphthaz^in, its formation, in this case, being possi- 
• ■y 111 accordance with tho equation ; 


C>®JlXIIO)-0= + SO^H* - C>®H>(HO)»Os + 80* + H*0. 


Ihus prepared it is amorphous with a reddish metallic gloss, cannot be sublimed, 
nissolvcK in alkalis with a dirty blue-violet colour, and tinges hot water pale-rod. On 
refluctiou with zinc-dust it yields naphthalene. 

In an operation in which the heating had been carried too far, a body was obtained 
after purification in the same manner, gave on analysis loss C and H than tlio 
“wvf*, and appoiirecl to consist of a mixture of tri- and tetra-oxynaphthaquinono (Do 
■^g«iiira.Bayer). 

ITA^BTBOXO ACIB, C"H*0* s C*®H'.GOOH. Bespecting the formation, 
proV^rtics, reactions, and salts of this acid, see Ut SttppL p. 861. 

“ acid, oxidised with potassium permanganate, is converted into an acid 

after purification, crystallises in slender needles, yields an easily soluble potas- 
‘“•a salt, and fioceulent, nearly insoluble lead and barium salts (Garstanjen ai 
•- Jirtcl, j; pr. [2], iv. 49). 

i itronaphthoic acids.-^a^Monoftiironaphthoio acid, G'*H*(NO*)6*, » propaied 
fixture of o-naphthoic acid and potassim nitrate to sulphuric acid^and 
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tufts of slender noodles, haying a faint yelloTvish colour; molts at 194^. 
napAiAoio acid is prepared in like manner from ^-naphtlioic acid, the mixture heine 
however, finally heated over the open fire to complete the action. It resembles the 
a-acid, but melts at 288®. Both tlioso nith>-acids dissolve sparingly in water, more 
freely in alcohol. Their alkali-salts have a yellow to orange-yellow colour; the 
barium and silver salts are faintly yellowish fiocculent precipitates, slightly soluble 
in cold, more soluble in hot water. Tho lead and copper salts are precipitates only 
sparingly soluble even in hot water (0. Kuclienmoistor, Chem, Ges, Ber, iii. 739 { 
When ^-nitronaphthoic acid is treated with tin and liydrochloric acid, a violent 
action takes place, and on boiling tho product with ammonium carbonate and filtering, 
tho liquid, on cooling, deposits a substance which, when recrystallisod from weak 
alcohol, has the composition C"H*NO or and probably the constitutional 

formula : 

CO CO. 

Ci»ii®r 

\NH»— 


Tho same compound is obtained by tho action of iron and acetic acid on iS-nitronaph- 
thoic acid. 

This substance docs not combine either writh acids or with bases, and is not 
precipitated from its solution in hot water by tho addition of metallic salts. It is 
scarcely soluble in cold water, but more soluble in that liquid when hot, and is 
deposited, on cooling, in microscopic flexible needles. Ether and alcohol dissolve it 
readily, and the latter deposits it in tolerably long prisms. It melts at 174®, solidities 
at 165®, and begins to sublime in small needles at 126®. Goncontrated sulphuric acid 
dissolves it, and it is precipitated from tho solution on the addition of water. When 
potassium bichromate is added to its solution in sulphuric acid, the liquid becomes 
dark blue, and the addition of water causes the separation of violet flocks. 

jB-Nitronaphthoic acid, treated with ammonium sulphide, yields, not amidonaphthoic 
acid, but a small quantity of azonaphthoic acid, CO®H — C*“H* — 

00*H (P. V. Bakowski, BeuU Chem, Ges. Ber, v. 1020). 

Oxynaphthoio Acids, C“H«0* « C*®II®(OH.COOH).~The 80 acids are produced 
by fusing the potassium salts of tho corresponding sulphonaphthoates wiUi potassium 
hydrate. The «-acid dissolves freely in alcohol^ and with moderate facility in boiling 
water, and crystallises from a hot aqueous solution in long interlaced needles, molting 
at 234®-237®, and subliming, when carefully heated, in feathery crystals. On boiling 
do^n tho aqueous solutions of its salts, the liquid darkens and a dj»k amorphous mass 


0 j3-acid crystallises from boiling water in long needles, melting at 212®-213®. 
Its salts are as unstable as tho a-oxynaphthoates ( J . P. Battershall, Ann, Ch, Bharm. 
clxviii. 114). ipnoTT 

Bulphonaphthoic Acids, C»H»SO® = (BattorshaU. he. cit.; 

also ZcUschr.f, Chem. [2], vii. 673).— Fuming sulphuric acid converts naph^rac wid 
into a mixture of at least two sulpho-acids, both of which yield crystallisable baniim 
salts, 0*®H®(S0®)(00*)Ba. On neutralising the mixture of tho sulpho-aciM witn 
barium carbonate, the a-salt cijBtallisea out first, and this when deromn^ed by sul- 
phuric acid yields a-sulphonaphthoic acid. This acid dissolvoB readily in 
crystallises t^eref^Kim in colourless needles, melting with slight decomposition at im - 
240®. M j 


is moderately seiuble in water, ana ciysiaiiises m tnin piawB. 
C'®H®(S0®KX00®K) + 2H*0, forms thin tables and is freely soluble ® ^.1 

i^pric salt, 0«H:®CS0®)(C0*)Cu, is a bluish-green precipitate, i^ingly soluble iu w” 


ing water. . j . a. w inl- 

floid is produced by dissolving ^-naphthoic acid 
phuric ateid. It forms a very characteristic aaid barium salt, (C‘WSO*)?^t ^ 

which is aimost insoluble in cold water, and ciystallises from a lyiliy gda 

platen The neutral ealt, 0 »H*S(>Ba+HK),i.*Mda 7 MluW«M^^ 
and forms obl^ue crystals. 

WMnmmta X&sansa, CHK) (BattenhaU, /. 

th. alddiede. whSh may he pluMW Iv 



NAPHTHOLS. 


B89 


ndium bisiilpliite, 'nrashing tlio resulting cr^’stalline mass wiUi ether till it becomep 
* rtiid distilling the crystals with dilute solution of sodium carbonate. The 

■ tlien ijasses over with the vapour ot water, and solidiiles in the condensing 

I'ubo in dazzling white crystals. It is very nearly insoluble in cold water, somewlmt 
solal'lo in boiling water, very soluble in alcohol and ether. It ciystallises from boil- 
infr water in very bulky, thin, shining laminae, and is obtained in the same form by 
(intuit ancons ev:i\x)ration of its alcoholic solution. It molts at 69*6®. Potassium per- 
maiigauato oxidises it readily when heated with it, forming potassium 3-naphthoate, 
villi separation of hydrated manganic oxide. Strong nitric acid dissolves it at a gentle 
hcit. I’oriniiig a crystalline non-acid compound which separates on Uie surface of the 
ji iikl. Nascent liydrogeii converts it into uncrystallieablo compounds difficult to 
|.mity. It dissolves easily in alcoholic ammonia, and is thereby converted into ^-hy- 

a~Niiphthoic aldehyde. — A mixture of calcium formate and pure calcium a-naph- 
tlioato yields by distillation scarcely anything but naphthalene, only the merest traces 
of tho jildch} do being formed, if any. The cause of this negative result is doubtless 
tliiit calcium o-iniplithoato is resolved into naphthalene .and calcium carbonate at a 
ii iiipiTaturo lower than that which is required to bring about its reaction with the 
f.iriiiiitc, "Wlicii, liowevcr, a mixture a-uaj.>hthoato containing /B-naphthoato is iis^, a 
distillate is obtained which, when purifiod as above with sodium bisulphite, yields 
linuid o-iiaphtlioic acid containing a certain portion of Uio /3 compound, which after a 
while separates ill crystals. 

a- Naphthoic aldehyde is a somewhat thick liquid having a peculiar faint smell, and 
lii:c*>miiig coloured on exposure to tho air. It is heavier ihau water, boils at about 
2, SO®, hut i-annot be distilled without forming a small quantity of condonsation-prd- 
(lucls of higher boiling point; with steam, however, it volatilises readily and without 
alteration. 

WAPBTHO&Bf C'^II^O •= C*“H‘'(OJT). Beacti(yi\& of a-Naphthols with Poly~ 
Jmic acidst ilteir Anhydrides and Chlorides ( J. Grahow'ski. I)eut. Cheni. Gea, Ber. iv. 
Cf)l. 72.); vi. 1065). — a-Naphthol, like other phenolic bodies, unites with many poly- 
liJiHc acids (or their anhydrides), with elimination of water, when the two bodies are 
hefited togetlier in presence of glycerin or sulphuric acid. ^ Tho resulting compounds, 
wliicli belong to the class of B.aoyer*8 phenolic colouring matters, are not true 
i tiu-rs, but cither compounds which retain tlie phenolic character of the naj>hthol, and 
ilissoh'u in potash with a deep colour which disappears on reduction, or indifferent sub* 
(•liiiiccs which may be regarded as tho anhydrides of. the former. The coloured^ com- 
j'omuls are designated, according to Buoyer’s nomenclatiiro, bynames ending inriiit, tho 
iftluecd compounds by names ending in in, 

-Ml tlicsu compounds are formed in such a manner that tho OH-group of tho acid 
iiiiites with an atom of hydrogen from the naphthalene nucleus, forming water, which 
is cliiniilatcd, and the two residues unite together forming a kotonic compound. Thus 
carhmic acid forms with naphthol a compound having the formula, C**H”0'* : 

a COC “ C0(0H)* + 2C^*ir0H-3H»0. 

PhihaliG acid yields two compounds, via. — 

« C*H«(COOH)* + 2C>*H»OH - 2H*0 j 
= C«H«(COOH)* + 2C>»H:»0H - 811*0. 

Jitaciio7i with Phthalio Anhydride, — ■ When o-naphthol is boUod with phthalio 
‘laliyilride, the liquid acquires a dark green colour, and on exhausting tee cooled mass 
vith alcohol, thoro remains a white substance, C**H**0*, which is the anhydtidc ■ of 

^f^phthot-phihakiniX^', 

C*H«0* + 2C‘*H®0 « 2II»0 + C“H«0»- 

Tliifj compound separates from hot benzene in faintly yellowish crystals having a 
splendid vitreous lustre. It is insoluble in aqueous potash, and is iSonv^rted by 
iiohc potish into a green substanoe. Heated with sulphuric acid, it yields a red sub- 
stance, which appears to have the composition 

Mih Phthalio Chloride.-^On heating a mixture of these two bodies on the v&ter- 
'Uh abundance of hydrogen chloride is evolved, and a men mOM remains, pMually 
soluble in cold dilute potash. The dissolved substance is purified bjr ^wted ftac- 
'loiial precipitation with hydrochloric acid and reciystUUsation firom Wnrona. TM 
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small brown cPTstals so obtained dissolve in potash, with, prodmction of a flue blue 
colour; their composition, when dried at 100°- 110®, is (?*H *0* + ^Aq (2). Leaving 
the half-moloculo of water out of consideration, the formation of this body, called 
lem-a-dinaphthol, may be represented by the equation : 

C*II^0-C1* + 2C**It’*0 = + 2HCI 

With Oxalic Acid.— On heating a mixtui»e of oxalic ncid, naphthol and sulphuric 
acid for two iiours at 100°-115° a dark mass is obtained only partially soluble in 
alkali • tlio portion insoluble is ilissolvod by hot benzene, and crystallises on cooling 
in coloiirlosH, warty groups. These are a mixture of vunous substoncos, but after oft. 
rcneatfd recrystallisation they are eonvortod into beautiful, colourless, glistening ciys- 
tafs of carhaLin-n^naphtholanhydridx, (3). This body boars exactly the same 

relation to carbonic anhydride as the previously described phthalic compound docs to 
phthalic anhydride : 

C“H*0=* + + 211-0 ; 

C03 + 2C“’H«0 = C*‘K'-0- + 2IPO. 

The bdiaviour of the two substances is also identical (Grabowski, loc. crt.) 

With Puromcllitic The reaction between tliis siciiland a-naphtliol is very com. 

nlex srivini; rise to a large number of compounds, the most imporbint of which, from 
it»s analogy to the phthalic anil carbonic acid compounds, is pyromelUtem-tetra a-miph^ 
iholanht^ride {\)\ 

QjojjadQfl ^ C®IP(COOH)* + 4C*®H^OH — 6H®0. 

This compound is formed when one molecule of pyromellitic add is heated with fonr 
molecules of o-naphthol in on oil-bnth to 300®. The Wuct ofter being 
with boiling acetone ami purified by fractional crystallisation Irom pbeMl, yicWs 
microscopic crystals, which liavo the com}xmidon C‘*H*‘0*.C*H*0H, and lose tlioir 
nlienol when heated to 260®. From tho mothor-liquors tho compounds o^ned, 
Sie first 2C“H»0’ C*H*01I. in thin piatos, the second in very slender needles ; they low 
tlieir phenol when dried at 280®, and are reduced to o- and ^pyromMttew^ror*- 
^pMluAhemianhyiridf, C^H^O’. In the acetoM solution the compound y-W™- 
m^Uteiu-Utra-n-fMphtholhemianhydride is found. It melts nt 26 j , and when 

has tho comp^ition C"^^. On heating one molocwlo of pyromeUitic M'dwtb 
three of a-naphthol to 260“ as long as water escapes, and remoTinff “ W" 

thol by distillation in a current of aqueous vapour.a brownish-black mass is 1^. Thi^ 
when purified by repeated solution in potash, precipitation ^ acid, and solutio^a 
ether, ^ornis a hrown powder, tri-a-nai>At^jpyro^tteK acid (6), which 1ms ' 

position C'"H*‘0*, nnd is readily solnblo in alcohol, other, and acetone. It dissolves 
III alkalis with a deep green colour, 

Tri'ii‘ 7 iaphtMkenaanhydropyromeUiteic acid, C«n«0^ (7), is 
with the la^mentioned compound, when a mixturo of one moleculo rf 

wid nnd three of a-naphthoru heated to 280®-300®. » « » 

TOlnbla with difficulty in cold alcohol or ether. It yields a fine blue solution with 

‘^^ramellitic anhydride and o-naphthol fused together form a bla<* 

wlS!^ when purified by solution in potash and fractional precipitation, yields A-®- 

fiaphtholpyrometlUeio acid (8), ^ iv„ fnllowinff cftM" 

The fOTination of these several compounds is represented by the following eq 

tions : — 

(1) . Phthalein-di-a-naphtholanhydride ; 

C»H«0* + 2C^®H*0 - 3H-0 =* 

(2) . Phthalein-di-a-naphthol : 

C*H®0® + 2C'®H®0 - 2H»0 = C"H*®0®. 


(8)a Carbonoin'O-naphtholanhydride : 

CO(OH)* + 2C*®H®0 — 311*0 - C**H'*0*. 

(4) , Pjiomollitein-tetpa-a-naphtholanliydride; 

C*®H®0® + 4C*®H®0 — 6H*0 ■» C*®H*®0*- 

(5) . 3 * nnd 7“ Pyromellitoin-tetra-a-naphtholhemianhydride J 

C^IPO® + 4C»®H®0 - 6H*0 » 

(6>s Trirci-imphtholpyiomelliteic acid : 

C*®H®0® + 80‘®H®0 - 3H*0 0‘®B^0*r 
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( 7 ). Tri-a-nophtholhemianhydridopyromolliteic aciil : 

+ 3C'‘*H*0 - 4H-0 = C^®IP=0^- 

(3). Di-o-naphtholpyromellitcic acid : 

C'oiPO* + 2C>"IPO - 211=0 « 

SUtronapbtbolaa Dinitro-a’^ftphthol^ C“'H*(NO'"y-OH, is formed by treating 
l)u 8 art ’9 nitpoxynaphtliolic acid (iv. 117) with dilute nitric acid, whence it inay bo in- 
forrod that Ousart’s compound, to which lie assigned the formula C*®I][*N®0*, is really 
jnon«nitro-a-naphthol, C*®H"NO= s= C^®lI“(NO-)OIT. The latter melts at 151^-152 , 
not at 100=^, ns stated by Dusart (Dannstadter a. Njithan, Deut. Chem. Ges. Her, 943). 

J)inUro-fi‘tuiphtkol . — -A solution of /3-naphthol in a largo quantity of alcohol is 
liuatml with dilute nitric acid, and the product, separated by water after the greater 
piirt of the alcohol has been removcjl by distillation, is purified by solution in dilute 
soiliiun carbonate, separation by liydrocdiloric acid, solution in alcohol, boiling w'itli 
:iiiiiii:il cliai-coal, reprecipitation by water, and finally by roi^eated crystallisation from 
rJilorotbrm. 

biiiilro-iS-naplithol, C)*"H*(NO=)"OIT, tints produced, crystallises in highly lustrous 
li^rlit yellow neodies, ■which appear under tho miei*oscupo as truncated prisms, and melt 
M'itli brown colonifion at lOfi®. It is very sparingly soluble in w'ater, more soluble in 
filcohol, very soluble in other and in chloroform. These solutions, as well as the salts, 
live deep yellow. The ammonium salt crystallises in shining red needles, which de- 
coiiiposo partially in contact with the air. The silver salt is a scarlet fiocciileut pi*e- 
ri|iit.ate; the bririuin salt forms ytdlow needles which turn rod at 100°. All these 
salts are very slightly soluble in water (Wallach a. Wichelhaus, ibid. 846). 

Amldo- and Zmldo-naplitliola. These compounds, which were first obtained 
friim dinilronaphthol by Martins a. Griess (Is^ Suppl. 857), have been further studied, 
tnp-i’llujr with some of their derivatives, by Graobo a. Ludwig (An7i. Ch. l%artn. cliv. 
303), who infer from their results that these bodies have a quinonic constitution as 
indicated by the following formulae : — 

Diumidonaphthol 
C>«U«(OH) j™; 

Oxyamidoniiphthol 

C'»H»(on) 

Dloxynaphthol 
(Triuxjiiaphthalene) 

C'*H*(OH) {g“ 

1. l^ia^nidonaphthol^ — ^Tho free base has not been prepared. The 

f^tannoohloridc, C‘®H*®N*0.2HCl.SnCl* + 211*0, is obtained by heating 1 part of dinitro- 
“•'vphtliol with 2 parts of tin and 7'5 parts of hydrochloric acid, .and cr^'sta-llisos from its 
ii^ueouH solution by spontaneous evaporation in large monoclinic piisms. Another 
KbuiTiochloride, having the formiiLa 2(C‘®H*®N*0.2HCl).SnCl* + 4H=0, is converted 

former by heating with stannous clilorido. The sulphate^ C*®H*®N*O.H®SO® 
ll'O, is formed when the solution of the base in hydrochloric acid is mixed with sul- 
phuric acid. It dissolves easily in alcohol and in hot w'atcr, less easily in cold water, 
by the action of the air or of ferric chloride it becomes deep red, from formation of 
hwmulonaplithol, 

2 . J>\-imidonap%thol ^ C*®II®N=0. — This base is best prepared by precipitating 
win solution of its hydrochloride willi ammonia. It forms small needles, insoluble in 

water, easily soluble in alcohol. Heated with alcohol or water it gives off 
ammonia, and is converted Into oximidonaphthol ; reducing agents reconvert it into 
1 '“**!'*^onaphthol. It unites with acids, and is converted, by boiling with alkalis or by 
h) 120° with dilute hydrochloric or sulphuric acid, into o:^naphthaquinono. 

I ^ydrwhhride, is prepared ftom the stannochlorido of diamidonnphtliol 

J pr^ipitating tlio tin with einc, adding ferric chloride, washing hydrochloride 
1 - . ^''^idonaphtliol thereby precipitated with dilute hydrochloric acid, and recrystal- 
It from water. 

salt is nearly insoluble in s^ng hydrochloric acid, but dissolves easily, in 
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water and in alcohol, and separates from the aqueous solution by spontaneous evano- 
ration in monoclinic prisms, wliieh are dark red by triinsmittod light, and exhib^ 
green metallic lustre by reflected light. The platinocJdoride has the comDositimi 
2(C*»H*N*O.HCl).PtCO*. The mlphate, C*»H‘‘N*O.SO*H=, forms red prisms liaying a 
metallic lustre. 

3. Oximidonaphtkol, C*®H'NO*, is obtained by boiling a hydrochloric eolation 

of di-imidonaphtliol, made alkalino with ammonia, as long as ammonia resulting fmm 
the decomj^sition of the di-imidonaphthol continues to escape. It forms yollowish-rcil 
needles quite insoluble in ether, nearly insoluble in cold water, slightly soluble in hot 
water, easily in alcohol. Hy boiling hydrochloric acid, boiling alkalis, or strong sul- 
phuric acid, it is converted into uaphthalic acid (oxynaphthaquinone) ; by reducing 
agents into oxyamidonaphthol. 

4. Oxamidona^hihol, — Tho hydrocUoride^ C'®II®NO®.HCl, is formed by treating 

oximidonapbthol with tin and hydrochloric acid, and crystallises from tlio stinniferons 
solution in well-defined, very soluhle tables; tho solution alters quickly in contact with 
tho air. * 

6. Oxynaphthaquinone or Naphihalic acid^ C*®H®0®, is formed by heating 
di-imidouaphthol hydrochloride to 120^, witli dilute hydrocliloric or sulphuric acid (seo 
Naphthaquikone, p. 836). 

6. Dioxynaphthol or Trioxynaphthalenc^ C'®H®0*, is formed by reducing 
oxynaphthaquinone with tin and hydrochloric acid, and may be exiractod from tho 
liquid by ether after separation of tJio tin. It crystallises in yellow needles, is ix- 
trcniely oxidahlo, reduces silviEir and mercury salts, and alkaline cupric solution. 

Blnapbtliolip « (C»®II»)*0* (Dianin, Deut. Chem. Ges. Her. vi. 

1262 ; vii. 125, 487). Those compounds are pi“oduccd by tho action of ferric chloride on 
the aqueous solution of a- or ^-ua}>hthol, ferrous chloride being formed at the snino 
time, the solution assuming a rose-colour, and tho diuaphthol separating in tho solid 

StiltC — 

2 C>®I 1«0 + Pu^Cl® = 2FoCr- + 2nci + 


a-Binayhthol forms small silvery rhombic plates molting at 300°. It strikes a red 
colour with ferric chloride and forms a violet precipitate with nitric acid. Trcared 
with hensoyl chloride it yields dibenzoyl-dinaphthol, C*®II**(C’H®0)*0“, which is 
insoluble in water and in alcohol, dissolves with difficulty in benzene, and crysulliscs 
out in warty masses made up of small rhombs. An alcoholic solution of caustic bo(U 
decomposes it completely into benzoic acid and a-dinaphthcl. 

/3-Dinaphthol crystallises from alcohol in broad four-sided, pointed prisms, melting 
at 218°. It gives with ferric chloride a greenish colour, which on heating Iiecomcsr^ 
and brown ; nitric acid colours it dark-green. On passing its vapour, mixed with air, 
through hot tubes, a yellow body, probably a nnphthaquinono, is formed, 
chloride it forms tho two compounds, 0=®11»«^C^ITO)0» and 0*®H*-'(C'H*OyO» tho first 
crystallising in rhombic luininse melting at 204°, tho second in four-sidod prisms which 
molt at 100°. Both are resolved by alcoholic potash into benzoic acid and 8-dinnph- 
thol. Tlio formation of these two l^nzoic derivatives shows that the jS compound from 
which they are derived, and therefore also the corresponding a compound, is really a 
dinaphthol, 

The two dinaphthols are insoluble in water, sparingly soluble in benzene andchloro- 
form, freely in alcohol and etlicr. They also dissolve in alkalis, forming onstablD 
salts. They are not changed by tho action of tin and hydrochloric acid, hut aie recon- 
verted into the mononaphthols when distilled. 


ACZBp = C*®H®(CX)*H)® yapbMm 

diearboxylic acid . — This acid, which Darmstiidtor a. 'Wichelbaus obtained hy boiliop 
dicyanonnphthalene with potesh Suppl. 852), is likewise produced by hoih°ff 
aconaphtheno with chromic acid mixture. It sublimes in brood, serrated ^teSi inci^ 
ing at 266°, and is precipitated by odds from its alkaline solution in slwer noeelds^ 
melting at the same temperature. Its potassium salt, C'*H®K*0* + 
tatod by alcohol in small pearly plates. The barium salt, C**H*BaO* 
according to J). and W.), is a precipitate consisting of small compact 
The i»ddi heated to 140°- 150°, is converted wiwout melting jhto the antew ^ 
C^-n®0*. The citSeium salt distilled with slaked lime yields naphthalene 
vail'Doip, Dent, Chem. Ges. Her. vi. 60). , ’ 

jrAPHTSTli^ B C^®H^Oi®H^ Of thi8radi<deinthe 

fications are known, distinguished ns dinaphth;jrl and isodina^ 
former, discovered by F. Lossen, is produced bv oxidiring naphtluilene:;#)IVn^ 
of manganese dioxide and dilute sulphuric acid (le^ Supply Tha 
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ty Watson Smith ifihcm, Soo. J. p], ix, 1184), is obtaiiiod, together with hydrogen, 
by ptissing the vapour of nophtholone through an iron tube heated to bright red- 
ness \ 

2C“‘H« == (CWH»)a + H=. 


The naplitlialone collected in the receiver has a dark-brown colour, and, when re- 
distilled, from a retort, always leaves a minute quantity of liquid boiling at a tempera- 
ture above 350*’ ; and by repealing the distillation a curtain number of times, a 
quiintity of this substance — which consists of impure isodinaphthyl — ^may be obtained 
sufficient for further ticatinont. It is purified by first distilling off the small quantity 
of iiaplithaleue which it confciins, and then distilling over the body itself, the tempera- 
ture rapidly rising from 220°, bolow which the naphthalene comes over, to abovo 360*^. 
A minute quantity of pitch is left in the retort. The solid, hard, yellowish substance 
is now crushed in a mortar with shale-spirit, and made into a thin homogeneous paste, 
lliuu washed repeatedly on a filter with the spirit, drained, pressed in blotting-paper, 
iiud dried at a temperature fully suffidont to volatilise the spirit. By this washing it 
is froed from a small quantity of a resinous bfidy, and from a lemon yellow substance. 
Theso wash-liquors nil exhibit blue fluorescence. Tho dried substance is finally siib- 
bliiTiod at as low a temperature as possible, and is then obtained as a faintly yellowish- 
vhito inodorous powder. This sublimate, by very careful and slow sublimation, may 
nUo bo obUiinod in small, dblicfito plates. When possessing tho faintest yellow tint, 
it imparts a beautiful and delicate-blue fluorescence to any liquid in which it is dis- 
solvi d. Wicn a very high temperature lias been applied (a white heat), tho substance 
obluinod is always more largely contaminated wdtli the resinous and lemon-yellow 
liodios, and on careful sublimation the first jwrtions subliming are almost colourless, 
but tho further tho sublimation is carried on, tho deeper is tho yellow tint of the pro- 
duct. A small quantity of tho latter portions of a sublimation-product of a sulphur- 
yellow colour, when warmed witli concentrated sulphuric acid, yield a very fine purple 
solution, passing on further heating into an indigo and then to a dull green tint. 
This reaction is mentioned by Liobermann as characteristic of chry8ci\e\ probably, 
therefore, this yellow substance contains chrysono. 

With a quantity of tho pure re-sublimed substance the fallowing results were ob- 
taiiiod ; — 

No rod or brown compound is formed with a benzol-solution of picric acid. Tho 
nioro thoroughly tho substance ia purified, tho less \h tho fluorescence imparted to 
sclvnnts. 

Isodiiiaphthyl sublimes at a temjwrature considerably below its boiling point, 
iniutod with two parts of potfiB.sium dichromato and sulphuric acid, it is oxidised at 
oiico with oxtroiuo energy. From tlio oxidation-product obtained, no colour, nor any 
subfitauco bearing any resemblance to alizarin, could bo obtained. 

Sulphuric acid does not act on isodinaphthjd in tlio cold, but dissolves it when 
hwited, forming, if the isodinnplithyl bo quite pure, a very faint purplish-tinted solution ; 
It, however, it contains a trace of the yellow body before mentioned, a violet or purple 
sdliition is formed, becoming green and then roddish-broivn on further heating. Tho 
product is a sulplio-acid which forms a soluble barium Sialt. The sodium salt formed 
tion^ decomposition is very soluble in water, yielding a fluorescent solu- 

Hot oxidises isodinaphthyl with liberation of nitrous fumes, andforinine in 

tile hot liquid heavy oily drops ; these on further heating dissolve in tho acid, and a clear 
soiTitioii is obtained. On pouring this liquid into water, the nitro-compound is procipi- 
ted abundantly in a light yellow floccular fonn. Chlorine has no action upon it, when 
jttffiod over it in a glass tube, and even on warming. When it is treated with bromine 
" a bromiiiated compound is formed with very energetic action. 

jmssed over isodinaphthyl contained in a glass tube does not act upon it, 
even on application of heat ; but when dry chlorine is passed through a solution of the 
,^io8tancQ ii| carbon sul^hid^ it is absorbed, with evolution of hydrochloric acid, and 
* ^iien the alworption is oompleto, the liquid be agitated witli caustic soda solution, a 
liquid is obtained which solidifies to a resinous mass soluble in ether and 
i “ procipitated from its alcoholic solution by water. The white precipitate 
Hriod at 100® has tho composition of tetrachlorisodinaphthyl, 

violently on isodinaphtliyl, with ovolution of hydriil^mic add ; and 
linn J®** ^‘^solved in carbon sulphide and purified as above exhi)>its tho composl- 
Sor 0**^*®*?’ (Watson Smith a. Poyntiug, Chm, 

Th. ®S6). 

between dinaphthyl and isodinaphthyl are exhibited in the 
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Oofaparatilte behaviour of Dinaphthtfi and Jsodinnphthgl mth Solvent*, ge. 


LoHscii'sDinnphthylj 


Solvents 


Proof spirit 

Kther 

Absolute aleoliol 

Metliylatetl spirit 
Wood spirit 


Light petpoleiim 
spirit, sp. gr. 
« 710 

Light shale siurit, 
sp. gr, = 737 

Carbon tctrachlo- 
rido 

Benzol 


Oirbon disul- 
phide 

Oil of turpentine 


Chlorine 

Bromine 


Molting point 
Boiling point 


SoliibiUty, Cry.stalliuc 
form, i&c. 


IsodiiiapUbliyl 


i 


Solubility 




M*'ro soluble than 
ill aleohol 
Less soliiblo thay 
in other; sepa- 
rates in niosB- 
liko el listers 


From ethor-aleohol 
mixture; crystal- 
lisos in oetoho- 
drons 


About the same as 
ill alcohol 


Easily soluble 


Forms C=®H“Cl“ 
„ C^H^Br* 
and C«“Ji“Br“ 


151” 
above 360® 


Scarcely at all so- 
luble, even on 
lioiling with ex- 
cess 

Very slightly ; less 
than ill alcohol 
Slightly in the cold; 
soluble on boil- 


Ibitht^r more so- 
luble 


Still more soluble 
than in the above 

Rather more so- 
luble than in 
petroleum spirit 
Not quito so so- 
luble as i n benzene 
Sjiaringly in the 
cold, iiieoly iu tlio 
hot fluid 


Easily soluble, ovon 
in the cold 
Very easily soluble 


Forms 


Crystalline form, 4e. 


On cooling, a few 
plates sepnratu 
out 

Im plates 

Beautiful rlioni- 
boi'dal plates, 
which, on (hy- 
ing, overlap, and 
present a bean- 
tifiil silky ap- 
pearance. ' They 
have a very 
faint dcliivite 
greenish colour 


Rhomboidal plates : 


Fine largo fluores- | 
cent plates hav- 
ing when drj' n - 
silky luminated 
uppeurailco 
In plates 

Delicate white 
lance - shaped 
crystals 


204® 
above 360*® 


b:LCOBO&S. See Naphthols (p. 830). 

WAPBTBn CYBBATS, CONG*®H% formerly obtained 
heating dinaphtliylcarbamide with phosphoric anhydride (iv.^W), i8 moro e^w i 

duced by similar treatment of naphthyl-urethane, CO | iaa 

liquid, haVing a faint odouy and boiling at 2fl0®-270®. It waclj 
water, alcohols, and amines, and solidifies instantly with triefliylFbosp^W 
ProG.Bosf.Soe,m.l0S). . 

WABBTBn amVBZBBfl (H. E. Armstrong, Ikut. 
a-naphthyl sfllphide, (C»®H»)*S, is obtained on distaiing ii 

snlphocyanate and o-naphthalene-sulphonate. It cryBtollweji^ / ii^c 

difficuldy soluble in alcohol, but very soluble in carbon 
acid. It melts at about 100®. The corresponding i^naphtoyi 
formed when /B-naphthalene is distilled with potassimn sjuonoc 
melting point and is less soluble than a-napnthyl sulphid 
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VAVBTBTLACSTAMXBB or ACBVOVAPHTBTUMZDBp 

(C^H“0) (Rothor, I)eut. Chem. Ges. Ber. iv. 860 ; Tommasi, Compt rend. Ixxvi. 1267)* 
Tins L'ompouud is produced by treating uaphthylamino with acetyl chloride, acetic 
jifiJiydrido, or glacial acetic acid, most cun venieotly with the last (Tommasi) ; by heat- 
i]a])hthylamine with glacial acetic acid for several days (Rothor). It cry.stallises 
iiMvhifco silky needles niblting at 162° and subliming at 160° (Tommasi) ; melts at 
loi}° (Kotlior). It is only slightly soluble in boiling water, but dissolves easily in 
iilcoliol and in dilute acids (Tommasi). 

yapUhjlcJdoracctamide, C'®H’.NH(CPH®C10), prepared by the action of chloracctyl 
chknido on naphthylaminc, crystallises in colourless silky needles melting at 121°, 
soluble in alcohol .and in acetic acid (Tommasi). 

Jirtmoiwphthtilfwetanmkj G'®Il®llr.NH(C''IPO), formed by passing brcniinc through 
iiriplitliylacefcimido suspended in carbon sulphide, is a heavy amorphous substiince 
juiltiiig iit 94°. Jly Ixiiliiig with strong potash-loy it is converted into inoimbromo- 
iiaphtliylaniino, C’*II''’I3r.Nn®; .nnd on converting the latter into the corresponding 
(liii/o-cumpound, and heating this diazo-compouiid with alcohol, ii innuobromonaphtha- 
is obtjiinod which, from its boiling-point (277°), molting point, and tho crystal- 
linufurinsof its derivatives, appears to be identical witli tho bromonnphthalcne obtained 
l.y tho direct action of bromine upon naphthalene (Bother). 

jyuiitronaphihylacetamidc, C*“H®(NO'‘‘)®NH( 0*11*0), is precipitated as a yellow mass 
j'roni a solution of naphthyhicetiimidc in cold fuming nitric acid (Bother). 

IVAPBTBYBAMIBTII, C*“n“N « C’®1P.NIP. For the preparation of this base 
frnru nilronaphthaiie, Ballo {Lent. Client. Ges. Her. iii. 288, G73) reeotnmends Reclmmp's 
niviliijd of rodudiuLi with iron and acetic acid at a moderate heat, Avith this dilfercm-c, 
lifavcviT, that tho product, after reduction, is to be supersaturated with soda-ley and 
(JiMillod with steam, with tlie aid of good condensation. 

rm,’ ]5oitg(‘i'’M mode of preparation with zinc and bj’drochloric acid, see let Suj>pl. 
&G1. 

Nuplithybimino, heated to boiling with dry ethyl oxalaiet yields ethyl naphthyl- 
nxiiinate; hut Avhe a heated to 90° with tho same other in presence of alcohol, it is 
cnivertcd into naphthylanimonium naphthylosamate. See Napiithyloxamic Acti> 
(f. 8 18). 

yapJuhylaMhtc Bisulphite, C'®IPN.H*SO*, is prepared by passing a stream of sulphur 
difjxido into water contiiiniiig naphUiylainino in suspension, assisting tho action by a 
p«»tl(i heat and frequent .agitation. Tho base then slowly dissolves, and the solution, 
oil cooling, leaves the bisulphite in Avhitc rosettes having a nacreous lustre. This salt 
tli'os not bccoiiio coloured ou exposure to light so readily as other salts of luiphthyla- 
iiiiiK*; neither docs it docoui pose if kept in tho solution saturated with sulphurous acid, 
but if taken out ^nd quickly dried, it gives up its sulphurous acid and leaves pure 
uaiilithyLiniine. This dccompositiou may perhaps afford an easy method of obtaining 
tho basic pure and white. 

Xaphthyliimino bisulphite unites with aldehydes, forming compounds analogous to 
those of the aldcliA’dos Avith tlie bisulphites of amylamine, phenylamino, &c. (Is^ Suppl. 
920). 

Ihn^yUimdpkite of Kaphthylamhie, C“H®N.H*S0*.C'H®0, is formed on pouring 
benzoic, aldehyde into a hot aqueous solution of naphthylamine bisulphite, and scp<a- 
on cooling, in ramified group.s of small crystals which, if driod and placed in a 
;ull-closcd ves.sel, in .ay bo kept for a long time Aivitbout sensible alteration. It dissolves 
>n ’tlcoliol, but not in ether or in water, Tliis compound,. wdicn gently heated, gives 
•>lf tho wliole of its sulphurous acid, leaving u resinous, vei^ fusible compound, very 
fl'Jiuhlo in ether, luoderatclv soluble in absolute alcohol, insoluble in Avatcr. The 
»JilierL‘al solution, mixed with alcohol of ordinary strength, deposits the compound ns 

'vlutisli-yellow crystalline pOAvder haying the <K>mposition Its form- 

‘ition may bo reprosontod by tho equation ; 

C'"H"N.IP80» + CWO = 2H*0 + SO* + C‘"H»N.C»H®. 
ith .acids or AA'ith platiuic chloride. 

bisulphite unites also with cumic, cinnatnicl salicylic, and aiiisic 
cxystalline compounds analogous to the benzoic compound above 

^ aldehydes of tlio fatty series, on tho contrary, similar compounds aro nut 
aldehyde acts very strongly on naphtliylamino bisulphite, producing 
rwi ^ *^^^®hydo. BatyrUi, valeriti, and cmantkylic aldehydes form rcsiiious garimt- 
liquid at first, but afterwards solidifying to very friable crystalline 
es, very soluble in ether and absolute alcohol. 


It doc.s not uni to ai 
?Pi»%lamine 
l^hdcs, forming 
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KAPHTHYLAMINE VIOLET. 

Tha (enwtliylie aompound .Urns obtained gave by anolyais 82-70 and 88-2 m 
carbon, 0-1 and 9-8 hydrogen, agrodng approximately -with the formula C”H’'N ni 

/QIOTIT ’ 

N ’ 'which requires 86'37 C. and 8 79 N. It appeared to bo contaminated 

with a small quantity of a sulphuretted compound. The same compound is formed 
with separation of water, when a solution of naphthylamino in anhydrous ether is mixed 
witli oenanthol : 

C‘«H’.n*.N + C»H'^0 « 11*0 + N(C*«H*)(C*H»y'. 

It does not possess basic properties. 

Acetone does not act on naphthylainine bisulphite (O. Papasogli, GcLzzeita chimica 
iialianaf iii. 384). 

Substitutioifderivaiives of Naphthjflamine. 

Girard a. Vogt (BtUL Soc. Chim. [2], xviii. 67) have obtained several secondary 
monamines containing naphthyl by heating a primary monamino with hydrochloride of 
naphthylamino to 280^-300^ in a closed vessel for SO hours. 

Phenyl-naphthylaminc, (C*H*)(C’®II*)NH, i.s thus produced from aniline : — 

HCl = H»N.HC1 + (C*H»)(C»®H')NH. 

From the products of the reaction, the phcnyl-naphthylnmine is isolated by treatment 
-anth water, which loaves the base as an oily liquid which soon solidifies ; by washing, 
pressure between bibulous paper, and crystallisation from alcohol, it is obtained in 
small crystals fusible at 60*^, and soluble in alcohol, benzeno, and ether, its solutioiiM 
exhibiting dichroism ; it distils unchanged at about 315° under 628 mm. pressure. 

Its hydrochloride is obtained in small crystals by passing hydrochloric acid gns into 
a solution of tho base in benzene ; by ebullition of the l)onzene liquid it is inastly 
decomposed ; alcohol also partly decomposes it, whilst water resolves it wholly into 
hydrogen chlorido and the free base. 

Cresyl-naphthylaminet (C’H^)(C*®H')NH, is similarly obtained by the action of 
toluidine on naphthylamino hyd^hloride at 280° for 36 hours ; it molts at 79° and 
distils at 290° under 528 mm. pressure, and at 236° under 15 mm. pressure. Its liy- 
drochloride is obtained by tho same moans us thoso used for phenyl-naphthylamiiiQ, 
and is also decomposed by water. 

A baso isomeric with crosybnayhthylaminc is formed by treating naphtliylamiuo 
witii benzyl chloride in presence of a small quantity of zinc-dust. It has a deep 
brown colour, and is unciystallisablo, but may bo obtained in scales like those of potassio- 
fcrric tartrate. With faming nitric acid it forms a yellow nitro-derivativo (FroU a. 
Tommasi, CompU rend, Ixxvii. 57). 

Xylylnaphthylamine^ |n, has not been obtained solid, but in tlie form of a 

viscous liquid, rapidly becoming brown, and boiling at 243°-245° (16 mm. bar.) It 
is no doubt a mixture of isomeric bodies, arising from tlie isomeric xylenes contained 
in the hydrocarbon boiling at 139°. 

Dinaphthylnminef | N, prepared by heating naphthylamino hydrochloride with 

naphtlwlamine, forms crystals, apparently quadratic, with truncated edges. It melts 
at 113°, and boils at about 810°-316° (15 xnm. bar.) 

SrJLnmXJkMXm VXOUR. a. Kielmayer [Vinyl, polyt. J. excri. 67) 
prepares this colouring matter for calico-printing by boiling toother 466 8™®!! ” 
starch, l‘l litre of water, and 118 grams of dry naphthylamino dissolved 1'° ".Jr 
of water and 79 grams of hydrochloric acid of sp. gr. 1’12, and f^ing to the 1*9.® ^ 
after cooling, 13*6 grams of potassium chlorate dissolved in 0*8 litre, of wattf* J ^ 
printed goods are hung for three days in tho oxidising room, then drawn 
soda-batih, and finally through a soap-bath, whereby their greycolmiT'is 
the pure violet isjhado ; this, however, is much influenced by the temperature » ^ 
oxidation-room, and of tho dry rollers, &c. Naphthylamino violet does not 
bo the final product of a chemical process, like aniline-black, but merely » 

^A^ording to A. Scheurer (ilnd: cxcvii. 443), the dirty-grey 
fabrics issue from the oxidising-room is chang^ by allbitts; u ^uidhy 

tially decolorised 1^ tin-salt, and turned grey by a mnliiig sqlutipE “ 
sulphurous acid. Dilute acetic acid does not affect the colopyj 
and solution of chloride of lime turn it brown. The oxidatii^ 
when the oxidising-^amber is kept cold and contains Tapotttfr.'or . 
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likcwiso regards the violet as only an intermediate stage of the Qzidiition, and attrl> 
hntcs the beneficial action of the acetic acid to retardation of the oxidation which it 

^^lumcr-Zwcifol (tdid, exevi. 66) produces naphthylamino violot directly on the fibre, 
1,y printing linen or cotton stuffs witli a solution containing, in a litre of suitable 
thickening material, 30 grams of naphthylamine hydrochloride and 1 5 grams of cupric 
chloride solution of 15 For dyeing, the thickening material is omitted, and tho 
quantity of cupric chloride reduced by a fourth. If only 15 grams of naphtliylnmiiio 
Kilt Jiro used in the mixture, light shades are produced ; 45 grams, on the other hand, 
prodiieo dark shades. Tho printed or dyed stuffs are left for two or throo days in the 
osidising-cliamber at a tempercature of 25 C., and tho colours are fixed by washing with 
soap-water. Alkaline batlis render the colour reddish ; acid baths make it bluish. 

VAPBTBTXifln-BZAMnrBB, = C«H»(NH*)* (A. do Aguiar, 

J)euf. Ckom. Ges. Ber. iii. 27). These bases, a and /8, are formed by tho action ot 
phosphorus iodide on tho corresponding dinitronaphthalones. Tho dinitronaphthalcnc 
must be pulverised, and only a small quantity of water added ; the reaction then goes 
oil quickly, and the resulting naphthylene-diamine, which is ^most insoluble in the 
iii'id liquid, is precipitated in tho form of small crystals : 

c'®H«(N02)* + 12HI = + 4H«o + gp. 

The di'kydriodide of ^-naphthylc^in-diaminc, C^®H“(NH*)“.2III, is not a very stable 
loinpoiind. When gently heated it gives off liydriodic acid, and is converted into tlio 
moiio-liydriodide. According to Costa, it crystellises in tho rhombic system, exhibiting 
I he combination OP. oopn. ooP. oopoo , The crystals aro small prisms wth rectangular 
kse, tho longer sides of ^ which are slightly truncated ; they aro trcansparcnt with a 
faint fiitty lustre and white colour inclining to straw-yellow; cloavablo parallel to tho 
I'acca of a rhombic prism. When well-defined and neutral they dissolve readily in 
Mjitor, but tho solution turns red when heated and decomposes after a v'liilo. Freo 
hvdriorlic acid diminishes the solubility, but increases the stability of tho compound. 
Till’ salt dissolves freely in alcohol, and may bo obtained, by evaporation of the aqueous 
fjr alcoholic solution, in finoly-dovoloped but somewhat coloured crystals. When dry 
it changes colour by keeping, or under the influence of light, to yellow and red, and 
finally to black, but may for tho most part bo regenerated by treatment with hydriodic 
acid. Tho dry salt is decomposed by heat, giving off iocline and hydrogen iodido, 
■tt'liilo a subliniato and a brown oil distil over, and a carbonaceous residue is left bc- 
liind. It reduces silver and platinum salts. Alkalis form with it a whitish precipitate 
which become.s coloured in conUcb with the air and melts to globules when heated. 
Oxalic acid produces no reaction in cold dilute solutions, but on evaporating to a cer- 
tain degree of condensation, a i*ed precipitate is obtained which becomes ficiy-red on 
exposure to the air (this reaction is characteristic of the iS base). Sulphate of fi-naph- 
thylmc'diamine sepiratcs, when a strong solution of tho preceding suilt is mixed with 
sulphuric acid, in small white crystals, which may Ix) punfied by washing with dilute 
sulphuric acid, then with alcohol and ether. The salt is soluble in water, and is pre- 
cipitated frwi its solution by the fixed alluilis, tho precipitate redissolving in ammonia. 
It is procipiuitcd without alteration by strong nitne. hydrochloric, and sulphuric acid. 
I'uming nitric acid blackens the liquid and forms a black precipitate. Potassium hy- 
pochlorite forms a blue precipitate turning red in contact witti tho air. Potassium 
nifrjto forms immediately a cinnabar-coloured precipitate insoluble in hot water, sol- 
uble with yellow-red colour in alcohol or ether. The hydrochloride of fi-naphthylene^ 
C'®II"(NH-)®.2HC1, may bo prepared by decomposing the sulphate witli barium 
cQlonde, or better by precipitating dio hydriodidc with fuming hydmhloric acid, and 
punned by crystallisation, or by washing with dilute hydrochloric acid, and drying on 
•I porous tile. It is more stable than the hydriodide; when heated in tlie dry state, 
’t gives off hydrogen chloride, and yields a sublimate, with a residue of difficultly 
onibustible charcoal, lii other respects it resembles the preceding salts, excepting 
hypochlorite immediately produces with it a black precipitate, and 
reddening of the liquid, whereas with tho sulphate this reaction ^cs place only 
acidulation with hydrochloric acid. 

^^J^^V^^hylenc-diamine hydriodide is prepared like tho iS-salt, but crystallises better 
alcohol. In most of its properties it closely resembles the 
- According to Costa the crystals are monoclinic, liaving the angle of tho inclined 
exhibiting the combination OP . ooP . ooPoo . ( ooPoo ). The 
thonii ' small thin tables, appearing under the microscope as obbque prisma with 
Till V rhomboi'dal base, the plane angles of which differ but little from 00®. 

brittle. Theeuhhaie, prepared like tlie ^-salt, crystal- 
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a fine violet coloialion, changed to red by ezecsa of the reagen^ while red flodu 
depraited. On addition of hydrochloric acid the liquid resumes its former colour' t1i 
precipitate which is thon formed becomes durker on exposure to the air. Fuminc 
nitric acid produces a red colour ; potassium nitrite produces the same effect iu 
solutions, but iu concentrated solutions stUI containing crystals it produces a violet 
colour and a violet prccipitato which becomes darker on exposure to tlie air. Tho 
hydrochloride of a-naphthyleno-diamino crystallises in prisms and exhibits the same 
reactions as the sulphate, excepting that it gives an immediate violet precipitate vith 
potassium hypochlorite and likewise with ch]orine<^wator. 

VAtBTBT&OZAiaiO AOXS, (BaBo, jOeut. Ciem. 

Jler, vi. 247). Ethers of this Jtcid are produced by the action of ethyl oxalatoon iiujili. 
tliyhimine, the ju'tion being different according as it takes place between the diy sub- 
sUnces or in j^ruseiicc of alcobul. 

When 1 mol. of ethyl oxalate is heated to 00® with 1 mol, (or better with 2 mol.) 
of uaphthylamiiio and a little 9U p.c. alcohol in a sealed tnbe for two or three hours 

the product is iiaphthylammonium naphthyloxamate, formed according to thd 

equiition : 


+ H«0 = 2C»n»OH + C^O^loHC^^^NIF- 

Naphthylammonium naphthyloxa mate crystallises from alcohol, and better from hot 
water, in dry, fine, white needles, which melt at lu4®, undergoing rapid decompositioji. 
It is soluble in chloroform, carbon sulphide, and ethor. Warm diluto hydrochloric 
acid dissolves and decomposes it, sotting free naplitliyloxamic acid. The aqueons 
solution gives with ciileium chloride a precipitate of calcium naphthyloxaraate. 

When, on the other hand, na])htliylam)nc is heated to boiling for some time with 
excess of dry ethyl oxalate, and the product, after cooling, is oxhaustwl with boilinij 
alcohol, the solution thus formed do|X>sitsci'ystalsof o thy 1 uaphtliyloxaniate, whiht 
the undissolved residuo consists of a white pulverulent substanco nearly insoluble in 
ordinary solvents, molting at 231®, and subliming at a somewhat higher temperaturo 
in delicate, white, often iridescent, crysttls. Tbo reaction iu this case is represented 
by the equation : 

+ C'«U’NU» = + en'OH. 


Ethvl naphthyloxamato crystallises from alcohol in needles. It melts at 106®. It 
appears to be insoluble in water, but dissolves easily in chloroform and carbon sulphide, 
sparingly in other. 

Free naphthyloxamio acid, C^O* , « obtained by dissolving tlie foregoing 

naphthylammonium salt in hot w-eak bydrophloric acid, from which solution it crystnl- 
lise^B in tufts of fine white needles. It dissolves easily in alcohol, less freely in etlior, 
and with difficulty in water. It molts at 180®, undergoing decomposition. Its wits 
decompose when heated, evolving vapours which smell strongly of naphthylamino, and 
lejiving a residuo of carljou. Tlio potmdum salt is obtained by dissolving the ncul in 
hot solution of potassium hydrate, hot too strong. It is deposited, on cooling, m 
beautiful anhydrous crystals. The harinm salt, obtained by saponifying the ethjl- 
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compound wth baryta-water, is a white cr 
calcium salt is obtained by adding calcium chlori( 
ammonium salt. 


iwder, insoluble in water, 
to n solution of the noplitlyfl* 


mmOniUUl D*V1U 1 t . 'nrt 

Wlion alcoholic solutiori.s of 1 mol. of methyl oxalate and 2 mol. of naphtliyltt»H»“ 
re mixed at ordinary temperatures, a mass of crystals is fbrmcd consisting, w jj 
derivative of oxaniic acid, but of naphthyl ami no oxalate. The ^^stalswncB 
heated give off carbon oxide and dioxiae, and luiphthylamino, whilst Zinin 
thalido and formamidc are produced. The reaction between methyl oxalate and nsp*** 
thylamine is represented by the equation : 

2C‘»H''N H- 2H*0 =. (C«H®N)«H»C*0* + 2CH*0H. 

Soo pHENYL-NAPirrBti.AMijrx(^ 


^ ^ jocji* 


vMBVHTft-VBSinri^avAjriiiiira. »eo GtrANxoiKx (p. 583)v 
JTAffttVVn-VXBinnEi XBroira* See Pkxmtl KEnrdpiriiS. 

Bn*‘VVBVtDiUO AOn. See Fubfubio Acth. 
WAVBMn-VBBSBAWli. See Cabbamatbs (p, 250)* 
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jj ^n cBiyg^ On the detection of this alkiil(^ in chemico-legal investigationfft 
BOO V. Salomon {ZeUsckr, and, Chem, x. 454; Chm. 8 oq. J. [2], z. 331). 

ffABCOTlNS. See Opiuic Alkaloids. 

irATAKOXV* The aloin of Natal aloes (p. 53). 

irSPBUZTlIa Necent analyses of this mineral from various localities lead to the 
ronclubion that all nephrites consist essentially of a calcium-magnesium silicate 
((rriimmiitito or tromolito), the variations in the analytical results being duo to tho 
uiscuL'c of small quantities of other minerals (Vellenberg, c/aAriMcA./ Mincralogie, 
1871, 173 ; Konngott, ibid. 293 ; Chem. Soc. J. [2], ix. 324, 673). 

srZCKEli. Aiomifi Weight.—^. H. Jieo Am. J. [3], ii. 44) has determined 
llic situmic weight of this metal by tho analysis of its crystalline double cyanides with 
fitrvchnino and brucine. Those coifipounds, prepared in tho same way as the corro- 
sttlDcling cobalt salts (p. 362), have the fonnulae Ni*Cy'“(C“H-’«N2d^)H® + lOH^O 
and IIi>Cy'=(C*'Il**N*0*)IP + 8H=0. •Six analyses of tho brucine salt gave, for tho 
atomic weight of nickel, numbers between 57*79 and 58*20 ; moan 57*98 ; and six 
aiiiilysesuf the sti*ychnino salt gave 57'72-.')8'21 ; mean 58*04. Tho moan of the whole 
is 58‘01, or very nearly 58, which is considerably below tho number determined by 
llusscll {Ut Suppl. 865), viz., 58-70. 

ttvwrctttr.— -Nickol-linnaeito, or Siegonito (iv. 44), containing .30 p.c. nickel, has 
I)ccn found in tho mine of La Motto in Missouri, already known for its richness in 
copper, lead, and iron ores. 

llfaction of Nickel and its Oxidee with the Oxides of Carbon. — N ickel monoxide 
li«itcd ill varhod monoxide is reduced, with sopanition of carbon, to a compound whoso 
proportion of oxygen agrees with the formula Ni‘0. In this respect nickel acts like 
iron (p. 209). Nickel sesquioxido is rodiiceil to metallic nickel, with separation 
ot'a largo quantity of carbon. Metallic nickel, heated in carbon monoxide, sopa- 
i-iites only a small quantity of carbon, and remains for the most part unaltered. Spongy 
metallic nickel, heated for 40 minutes to low redness in carbon dioxide, gave off 40 c.c. 
gas, 90 p.c. of which consisted of tho monoxide. In the gases evolved by the decom- 
position of oxalic acid this kind of nickel remained unaltered (L. Boll, Chem. News, 
xxiii. 208). 


lieaciUm with Ammonium Sulphide. — Nickel immersed in yellow ammonium sulphide 
coinlmies with the sulphur and colours tho alkaline sulphide, ovontually turning it 
deep black. Cobalt, on the other hand, is but very slightly acted on, even after several 
mouths’ immersion (E. Priwoznik, Ann. Ch. Phami. clxiv. 46). 

Fdimatiou a7id Separation, — On the estimation of nickel by electrolytic precipita- 
tion, see Merrick {Chem. News, xxiv. 100; Cliem. Soc. J. [2], ix, 1091). 

Tho several methods proposed for tlio separation of nickel from zinc have been 
«amincd by Khiyo n. Dous (Zeitschr. anal. Chem. 1871, 190 ; Chem. Soc. J. [2], ix. 
9''0). They give the preference to tho method of Smith a. Brunner {Dingl. pol. J. cl. 
3fi9), which consists in passing sulphuretted hydrogen through a very dilute solution 
ol Die two metals in hydrochloric or nitric acid (1 gram of tho oxides to at least 500 
grams of liquid), nearly saturated with sodium carbonate ; and when a lar^ portion of 
the zinc is precipitated, adding a few drops of a very dilute solution of sodium acetate, 
which precipitates tho whole of the zinc sulphide; filtering after 10-12 hours; and 
precipitating tho nickel with potash after expelling the sulphuretted hydrogen, 
^uiyo a. Dcus observe that tho saturation of the free acid in tho solution of the two 
metals must bo very carefully performed, so that only a ti*aco of free acid may remain, 
tlio precipitation of tho zinc will not bo complete; care must also be taken 
, 'idcl only a very small quantity of sodium acetate, us the least excess of this salt 
precipitation of the nickel on subsequently passing sulphuretted hydrogen 

On the distinction of nickel from manganese, zinc and cobalt by moans of 
lum sulphocyanato and potassium ferrocyanide, boo Cobalt, p. 362. 
ectrolgiie Deposition of Nickel. — ^To precipitate nickel in dense layers capable of 
polish, Isaak Adams {^Ompt. rend. Ixx. 123, 137) uses a bath con- 
of chloride of ni(iel and ammonium, and free from ovoiy trace 

the presence of these latter gives rise to tho formation of nickel 
the for ' to E. and Ch. Becquerel, on tho other hand {ibid, 124, 137i 181), 

trdlis peroxide may be prevented by continual addition of ammonia, to neu- 

‘ionbl . *ts it 18 sot free by deposition of the nickel, in which ewe the 

E. ^ nickel and potassium will also give a dense metallic precipitate, 

the bin contrary {ibid. 181), defends Adams’s view, observing that, to ke^ 

a proper degree of concentiatioit by means of an anode of nickel, it is 
31 
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Becc^sBATv that only aitunonium double Balts bo present. df metallic nic^i 

as anode is also recommended by Jacobi {ibid, 1386) and Bemington {pingl, folgti J. 

*^*Tho^followingmetliod for the electrolytic deposition of nickel on wrought iron, cast 
iron, stool, copper, briiss, zinc, and lead is given by F. Stolba {Dtngl. pol. J. cci. I45). 
A saturated solution of zinc chloride is mixed in any convenient vessol, best in a copper 
kettle, with about twice its volume of water ; the solution is heated to boiling, and 
any turbidity that may arise is removed by addition of hydrodilonc acid. The objects 
to bo coated with nickel, after being carefully cleansed, are immersed in the zinc 
solution, and on adding to the boiling solution a little pulverised zinc, they become 
coated with a thin layer of zinc, to which tho nickel adheres well. Niokol sul- 
phate or potassium-nickel sulphate in the solid state or in solution is then acMed tothe 
boiling liquid till it exhibits a green colour, a few euttnigs of zinc are added, and the 
boiling is continued. If care be taken that tho liquid remains clear, a closely adher- 
ing yellow deposit of nickel is obtained, shining or dull according as the metal siirfiico 
on which it is deposited is polished or iinpolisbeJ. v .. j . 

Cohalt may bo ppecipit.atwl upon metals in tho same manner, out the aeposit is not 

so bo.aiitiful as that of nickel, and is more easily attacked by the air. 

An apparatus for coating tho insido of metal tubes with nickel is doscribedbyloivlo 
{Engineering t May 1871 1 p. 3C9). 

The following alloys of nickel havo been analysed by A Ilosslcp(CAtfiH. 
JVcwj, xxi. 218). 

1 a 3 4b 8 6 

Copper . . 88-00 68-0 43-8 40-4 65-0 SO-0 

— - - 8*75 16-8 lfl-6 31-6 20*0 26 0 

130 40‘6 26*4 26*0 25*0 

1*75 3-4 2;6 — — 


Nickel 

Zinc 

Iron 


No. 1 is so-called v>m copper, which has been prepared in Suhl for ahOTt 100 
years. No. 2 is an alloy from Paris distingnishod by its enracity for polling .id 
ffllding. Nos. 8 and 4 are Cliincsapmf^onS'a. No. 5 is used for knifo-tancllM, and 6 
for forks. In many countries alloys containing nickel are used for small 
tho idwiss pieces of 20, 10, and 3 ceiitimes contain nickel and me in ‘J*® , 
1 ■ 1-25, together with copper and silver. In tho United States small coins are 

which had.collected on ths bc^ of » 
nickel-smelting furnace, used for tho routing of mai^etic. p^tM * K; 

nickel and cobalt, were found by J. Wharton [Sill, Am, ,1. [2] xlix. 865) t 
composition A ; the granular ground-mass had tho composition B. 

S 

8*00 
7*60 

Some of tho crystals were cubes, others wore octohedrons grouped in spikes or den- 



Cu 

and Co 

Fo 

A. 

1*85 

26*22 

64-10 

B. 

1*74 

28*20 

62*60 


cipitated from tho nitrate with caustic soda quite free ^ 

with cold water till all alkaline reaction has disappourod then with ammonia 
and finally with boiling water to remove any fixed alkali still by 

According to W. Wernicke (Pogg. Ann, cxli. 109) Pf 

electrolysis from a neutral or alkaline solution, is a hydrate having ™ 

Ni*0*.2H*0, and specific gravity - -2*744. 

On tlio Chromalea of NkM, see Chromium (p. 336). i vMiUofnidtel 

Sulpbldea (K. Liebe, Jahr^wh f. Mineredogie, 1 871 , caj^wT 

have lately been obtained from a mine in tho Westerwald, vi*. 
pyrites, NiS (iv. 42), and beyrichito, a mineral not 
Boyrichite forms radiate groups of macled crystals, luade up niki: 

lone and 8 mm. thick, some of whidi have a helicoidarciirvatnro- . _ 
groups have mostly a single end-fow, indined 81" 
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bout 3'2 to 3'3. Sp. gr. 4*7. Colour, rod-groy, with faint metallia lustre, stronger 
In tho cleavagB'fHoes. When heated in a tube, it decrepitates, and at a dull red heat, 
Ijycs off sulphur, without fusion, and is thereby converted into a pyrites, having a 
iark pinchbeck-brown tarnish on tho surface, speiss-yellow to brass-yellow internally, 
I'lnler and nioro brittle than tho original mineral. On charcoal, beyrichito melts 
>isily and quietly, with evolution of sulphurous acid, to a strongly magnetic bead, having 
^ j^jHiss-yollow colour internally. It gives tho nickel reaction with borax and plios- 
,|,„rus sail, and dissolves easily in hydrochloric acid, ospocially on mldition of nitric 
iciil, forming an einerald-groen solution. Pure specimens yield by analysis 42 85 p.c. 
luli'lnir, 2’70 iron, and 11)4*23 nickel. If the iron be supposcil to replace an equivalent 
luaiitity of nickel, the.so numbers lead to tho formula NPS’ or 3NiS.2NiS2 (calc. 43*21 
S, and 56*79 Ni). Tho presence of tho iron may, however, be duo to tho admixture of 
niii pyritos, and in that case the composition of beyrichito may be represented by tho 
;urmuU2NiS.NiS‘^ 

Tlio crystals of beyrichito are coated by millorito in oxti’oncly thin yellow laminae, 
ir mure rarely in dendritic or thin crystaliino forms, often penetrating them in the 
jireetion of tho cleavage-planes, in tho form of sbirply separated lamollm, sometimes 
[0 the eonipleto di.splacement of tho beyrichito. Tho millorito has a sp. gr. of 5*7 to 
[i- 9 . hardness between 3*6 and 3*8, and coritsiins 35*27 p.c. S, M6 Fo, and 63*41 Ni. 

hi-yrichite, as appears from the facility with which it gives off sulphur when heated, 
is vury easily converted into niilloritc, a circumstance which may perhaps account for 
i!ii‘ groat variations in the .st:itcmont.s respecting tho spi^ciflc gravity and other proper- 
lies of I ho latter (i. 12). _ T’lioso diversities may l)e due either to the presence of beyri- 
ihito ctidoscd ill tho capillary pyrites, or to tho diffoTcnt conditions under which the 
trinsformiition of beyrichito into millorito takes place. Poyricliito is, in fact, converted 
into milhirito by Inking up nickel from tJie vein-water, ami tho more compact iiud loss 
piiruus the structuro of tho boyrichitc, tho denser and heavier will be tho millerito 
I'oruii’d from it. 

yickl-gyinnUc or Genthite . — This mineral was originally found as a yellow-green 
iniTustation on chromo-iron ore at Texas, Lancaster Co., Pennsylvania, and was ox- 
.'iininud by Gontli {KmngoUs Ueberskht^ 1852, 45), who found it to have a sp. gr. of 
2109, and to contain — 

SiO' NiO MgO FoO CaO 11*0 

35*36 30*64 14*60 0*24 0*26 19*09 rs 100*19 

agreeing approximately with the formula — 

2(NiO.MgO).3SiO* + 6H*0. 

A different composition has been deduced by F. F. Dunnington ( Cliem. NmSt xxv. 
290) from the analysis of a specimen from tho neighbourhood of Wobstor (sp. gr, 2*48), 
which gave — 

BIO* NIO MgO PoO H*0 

49*89 22*36 16*60 0*06 12*36 » 101*26 

numbers which are most nearly represented by the formula— 

(NiO.MgO).SiO* -I- }H*0. 

C*H'N. OccurreTice in Tobacco , — According to Void a. Eulenberg 
(jiw/i. Pharm. [2], cxlvii. 130; Chem. Soc. J. [2], ix. 1075), snuff contains not more 
tlian 0*0392 to 0*062 p.c. nicotine. Tho strongest tobacco for chewing was found to 
Main only a trace, and other specimens none at all, so that nothing like nicotine- 
roisoning can result from tho use of such tobacco. Vohl a. Eulenberg also confirm 
lie observations of Zeise, made in 1843, that nicotine is not present in the smoko of 
toWco (see Tobacco). 

ouhle salts of nicotine with zinc chloride and cadmium chloride h.avo boon pre- 
H ‘!y II- Vohl (eA pr, Chem, [2], ii. 331). Tho cine salt, (C»ffN.HCn^ZnCl» + 
iilcftl ° mixing a neutral alcoholic solution of zinc chlorido with an 

L ®^i^tionof nicotine, and dissolving tho precipitate in hydrochloric acid,avoid- 
ftdv Tiio salt is then deposited in shining tables or prisms, and may be 

casdv Mcrystallisod from boiling alcohol of 80 p.c. It is permanent in the air, 

of ^tor, almost insolublo in absolute alcohol and in ether, smells faintly 

to ioi?o “‘I a faint acid reaction. When left over sulphuric acid, or heatM 

nicothi^ *^1 Its water Of ciystallisation ; in the latter case also port of its 

salt. w (0»H»N.H01)».Gd0l* + 2BE*0, ^ppd like the zinc 

solnhu i beautiful concentric grraps of needles and prisms. It is easily 

alcohol of 80 p.c., insoluble io ether ; gradually turns brown 

«P0B(Kl to the air- 


3i2 
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tnOUZJk SBBBS or BBAOX GITMMCnr. The seeds otNigdla mim 
raminculiiceous plant growing on the Meditorranoan coasts, and in Egypt, Tran8.Ca 
casia, and India, were found by Koinsch, in 1841, to yield 35‘8 p.c. of tat oil, 0*8 pc 
volatile oil, and only 0*6 p.c. of usli. He gave tho name of NigeUin to a bitter ^ 
resembling turpcMitinc, yot soluble in water us well as in alcohol, though not in etli^ 
By submitting 25 lbs. of fresh seed to distillation, Fliickiger {Pharm, J, 'Prans. r2l' 
ii, 161) has obtained a nonrly colourless essential oil in even sniallop quantity th i 
Heinsch. It has a slight odour, somewhat resembling that of parsley oil, with a man!! 
niflcoiit bluish Aiioroscencc, as already remarked by Keinsch. In a column 50 niin’ 
long this oil deviates tho ray of poLarisod light 9-8® to the left. Its specific gravity 
is 0*8909. The chief part of it, Avhon distilled witli chloride of calcium in a current 
of dry carbonic acid, comes over at 256^. It contains : ctirbon 83*3, and hydroiren 
11*8 p.c., corresponding with tho formula 2C*“H*“.Il“0. ^ ® 

The residual portion, which was almost entirely devoid of rotatory power, yiddecl 
carbon 87'89, and hydrogen 11*72 p.c., after having l)een rectified by means of sodiiiin. 
This part of the oil consequently belongs to the torebonos C*®!!***, 

Tho fat oil, extracted by means of boiling ether from seed grown in Germany, pre- 
viously finely powdered (necessarily inelndiog some essential oil which imparted to 
the other its fluorescence) amounted to 25*6 p.c. It is a fluid fat which does not con- 
geal at 15® ; it was found to consist chiefiy of olein, besides which it yielded aconsidor- 
ubl© amount of a solid fatty acid, tho crystals of which, after reiterated pnriflciition, 
melted at 55°. The molting point did not rise by rccrystallisation, tho acid beiuiJ 
probably a mixture of ];)almitic and myristic acids. ° 

Nigella seeds, powdered and driotl over sulphuric acid, yielded 3*3195 p.c. of nitro- 
gen, answering to about 21^ p.c. of albuminous matter. 

It is stated in tho Pkarmacopma of India that Nigella seeds are carminatiro, ami 
they were formerly so reganled in Europe. In tho East generally they are used as a 
condiment to footl, and in Greece, Turkey, and Egypt they are frequently strewed 
over the surfaco of broad and cakes in tho same manner as anise ot sesame. Tho fixed 
oil of the seeds is also expressed for use. 

iriOBTBBABB. On tho variations in tho quantity of atropine in tlio leaves and 
root of tho Deadly Nightshade in different seasons, see (p. 117). 

mSB. This name is given to tho fatty product of an insect found in Yucatan. It 
is a yellowish-brown fatty mass, which has a neutral reaction, absorbs oxygon from 
the air, melts at 48*0°, and resolidifies between 26*7° and 24*9° ; dissolves easily in 
ether, benzene, chloroform, and oil of turpentine, but is insoluble in alcohol; saponifirs 
with difficulty, yielding a pungent-smelling acid called niic acid, and a volatile oil, 
together with x>ulniitic and stearic acids. Ammonia colours it rod. Its solution in 
turpentine-oil is converted, by exposure to the air, into a resinous syrup (A. Schott, 
Chem, New», zxii, 110). 

BXOBZiniK. Elaborate investigations of the composition of natural niobates and 
tantalates have been published by Hammelsbcrg (see Tantalates). 

For B. Hermann’s investigations on tho compounds of niobium and tho supposed 
element Umenium, and the method of separating tho two, soo J. ;pr. Chem. [2], iii. 373| 
iv. 178 ; Bull, Soc, Chim, [2], xvi. 266; Jahre&h.f, Ckem, 1871i 287-292. 


Syn. with Nitbomisthahe. 

BTlTBO-COMCBOirBrBB OF TBB FATTT 8BBXSS. See NitBOFAH&FFINS, 
under Pabapfin. 

BrZTBOOBXr. On tho quanti valence of this element, see Sestini (OtmeniOt 1871- 
72, p. 274 ; Chem, Soc. J, [2], x. 962). 

On tho constitution of tho Fentatomic Compounds of Nitrogen, see Blonwtraw 
(«/. pr. Clicm. [2], iii. 186). 

Preparation . — Pure nitrogen may be obtained from atmospheric air 
into a flask of 10 to 14 litres capacity about 200 grams of co|>per-turoing^ w 
other metals, and partly covering them with aqueous ammonia, the ^ ' 

closed by a cork fitted with a safety-tube and a gas deliveiy-tubo 
■with a caoutchouc-cap. If tho flask be shaken from time to time, thtt^hws^ 
oxygon, even that which may enter liy the safety-tube in consequence dTchwjgM 
atmospheric pressure, will bo completely absorbed in a day or two. Tha^tSogP. _ 
theu be transferred to another vessel by pouring in water prei ’ 
by means of copper and ammonia, and washed with strong | 

BiUl. Soo. mu 


OBJCliBS* BXonozlda, VPO. T« Willi 

21) has succeeded in solidifying this compovmd by means of 
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own inrhon in the liquid state, tho ovRporation being aided by n strong 

carrent of air. A very iiiie steel tube is directed into tho axis of a thin brass cone, 
having a small opening, about the eighth of an inch at its apox. On causing a stream 
ot'tliu liquid to issue from the jet, it is rubiincd in tho cone for a moment, and then 
forcibly blown out iit tho apex, together with a strong stream of air. Tho solid is in 
this way formed in some quantity, and may bo colloctcd in a dish lined with fllter- 
miwr, or other suitable voascl. _ 

^ The appearance of the solid is more compact than that of tho well-known carbonic 
piidv, pivjhfibly because larger particles of tho liquid are frozen, this freezing taking 
tihico with carbonic acid imniediatoly tho jet of liquid leaves tho tube, and while it is 
Vft ill dio stete of fiiio spray, but in tho caso of nitrogen monoxide, only after it has 
io suiiie extent been collected into larger drops. Unlike solid carbonic acid, nitrogen 
iiionoxiilo will molt and boil, if gently warmed before assuming tho gaseous condition. 
Huiicc., if louchod witli tlie fingers, or pbiccd in contact with tho skin, it molts, prodiic- 
ij];r a painful blister. Tho tempera turo of its freezing or melting point is —120° F., 
or -99^ C., ns observed with an alcohol thermometer. The boiling point, usually said 
lobo -88° C., soc'insto bo really —109° F. or —92° C. Tho proximity of tho boil- 
ing aiul fiMozing points renders it jmssible to freeze tho liquid by simply blowing a 
sti'L':im of air tlirough it. 

The specific gravity of liquid nitrogou monoxide is about 0‘0004 ; it is not miscible 
ulili water. 

Salts of Nitrogen Monoxide^ NOM or N-O.M-0. Hyp onitrites (Divers, 
Vroi'. Roll. Soc. xix. 425). — When a solution of nitrate of sodium or other nlkali-mctal 
is iiiixi'd Avitli a quantity of sodiiini-ainalgam, more than sufficient to reduce it to 
nitrile, rod vapours are produced with effervescence. If the liquid be thmi cooled and 
moil! of the amalgam added veiy gradually, tho evolution of rod vapours recommences 
I riskly after 2 atoms of sodium have been added, .and censes after the ndditiftn of 4 atoms 
of sodium. Tho liquid thou contains, though in comparatively small quantity, a hypo- 
niirito of sodium. Tlie corresponding sUver salt^ NOAg or Ag=0.N®0, is prepared by 
iii'ulrnlisirig with acetic acid, precipitating with silver nitrate, washing the yellow pre- 
ripiiulo, and drying at 100°. If tho precipitate should be black, as sometimes arises 
from tlio presence of a body formed from thc'.sodium, I’ock-oll, and silver acetate, it 
iiiiiy !je purified by dissolving it, after washing, in very weak nitric acid, filtering care- 
fully, adding ammonia to alkaline reaction, and then adding acetic acid. 

Tho precipitiite is stable at temperatures a little above 100° and nearly ns difficult 
of solution in water as silver chloride. It is not affected by light, is insoluble in acetic 
•idJ, but soluble in ammonia and in dilute sulphuric and nitric acids, and may bo 
si'piratcil iiiialtercd from these solutions. iStrong nitric acid oxidises it immediately 
with evolution of red vapours ; moderately concentrated acids decompose it, with for- 
luiitioii of nitrogon, nitrous acid, and nitric acid. It is also decomposed by soluble 
‘■hlorides and by hydrogen sulphide. 

The original solution of the sodium liyponitrite, mixed with acetic acid till silver 
iiitraio no longer forms with it a brown precipitate, gives insoluble precipitates with 
JiiObt metals. With potassium iodide it gives no sensible reaction, but a solution cou- 
ijniing free iodine is immediately decolorised by it, both in neutral and in acid solution. 
Heated with acetic acid it gives off nitrogen monoxide : 


2NOH = H*0 + N*0. 

Trloxide or mtroufl Anbydride^ N^O”. This oxide is formed by the direct 
of nitrogen dioxide «and oxygen in tho proportion by volume of 4 ; 1 
n. by tho combination of tho dioxide and tetroxidc when tho two 

ftiiscs in cfpnil volumes (NO : NO*) are passed through a rod-hot tube. The latter is 
jnucid a very convenient method of preparing tho pure trioxide, which, as thus ob- 
^ mo ^i^uid having at ordinary temperatures a dark blue colour, clianging at 
P] ®pleuJid indigo-blue ; it does not solidify at — 30°(Hasenbach, J. pr, Chm, 

WYsf |'>^j«xide may also be prepared by decomposing tho so-callod lead-chamber 
plium ^ ^ water. To prepare a concentrated solution of these crystals, dry sul- 
i»ilv a 1 passed into well-cooled fumiug nitric acid, till the liquid becomes 

pjQ • much gas on tho addition of water. This solu^on is placed in a flask 

repiii. t 1 ^ double-bored cork, dropping funnel, &c., and the current of gas is 

^ •'™dby the quantity of water added (H. Streiff, HmU Chan. Ges. Ber, v. 286). 

reaction of nitrous anhydride with water varies according to the 
two are mixed. Witli a roJatively small quantity of water, 
Puf# nif or the compound 2S0*.N*0*.H*0, gives nitric acid and absolutely 

^gcin dioxide. In a large excess of cold water, on thq ot-I\er hand, nitrous 
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anhydrido dissolves -witlioub decomposition. The solution tlius formed may be kent 
unaltered for several days, and when boiled gives off, thougli not iramcdiutGly, iji. 
and dioxide of nitrogen. 2. When indifferent pulverulent bodies, such as amd* 
gypsum, and especially charcoal, are introduced into the solution of nitrous acid, it Js 
immediately decomposed into nitric acid and nitrogen dioxide. Nitrous acid is a strooff 
reducing agent, and acts in this maimer on auric chloride and potassium permanga. 
natc. 3. Sulphurous acid forms Avitli nitrous acid at ordinary temperatures several 
nitrosulphuric acids ; when heated it yields the products of decomposition of the.so 
acids --viz., nitrogen dioxide, ammonia, and oven nitrogen monoxide. The action of 
sulphurous acid on the compound of nitrous acid and sulphuric acid gives rise to tho 
evolution of a largo quantity of nitrogen dioxide. When tho mixed solution of sul- 
phurous and nitrous acid is warmed, nitrogen monoxide is evolved, wherein, according 
to l'>6my, may perhaps be found the Ciiuse of tho great loss of nitric acid whieli Uikcs 
place in the manufacture of sulphtu'ic acid ; in fact, nitric field when headed witli sul- 
Ijliurous acid likewise gives off nitrogen monoxide. ]ly many reducing agents, nitrous 
acid, nitric acid, and their sfilts are reduced, with formation of ammonia and a small 
quantity of hydroxylamiiic, NII’O (Freiny, Compt, rend, Ixx. 61). 

Detixtum and Estimation of Nitrous Acid. — Tho following modes of detection aro given 
by Ghatard Acia.-*, xxiv. 225). 1. Tho liquid to bo tested for nitrous acid is 

mixed with potassium ferrocyanide and acetic acid and boiled, then left to cool and 
treated with ammonium sulphide ; if nitrous acid is present tho liquid turns blue. 
2. The liquid to be tested is cvaporaled ne:irly to dryness and the residue trituratud 
with two drops of solution of anUine sulphate, wherouixm, if nitrous .acid is present, 
a distinct odour of phenol is omitted. This reaction is rcgarilcil by Gliatanl as 
the most delicfito of all tests for nitrous acid ; moreover it affords a certain distiiiclion 
between nitrous and nitric acid, which latter gives with aniline only a yellow colora- 
tion, but n(t odour of phenol. 

3. For the detection ofnitrou.s acid in spring, rain, and river water, P. Grioss {Ann. 
Chim. Phys. cliv. 333) uses a solution of diamidobnicoic sulphate {W. 294), which, with 
a large quantity of nitrous acid, produces a brown-red amorphous prccipiUto ; with a 
small quantity, a more or less strong yellow coloration. This reaction is capable of in- 
dicating tho presence of 1 pt. nitrous acid in 5,000,000 parts of water, i.e. of i milli- 
gram in a litr(i. For quantitative estimation an aqueous solution of nitrous acid of known 
stron^h is added to a solution of diamidobcnzoic acid till a shadoof colour is produced 
identical with that which is developed by the same solution in the liquid under exami- 
nation. For this estimation the following liquids are required: (1). A solution of 
diamidobonzoic sulphate satimited in tho cold; if coloured it must, before use, he 
treated with animal charcoal. (2). A normal solution of silver nitrite prepared hy 
dissolving 0*328 gram of tho salt in a litre of water ; each cubic centimeter of this 
solution is equivalent to milligram nitrous acid. (3). Colourless sulphuric acid 
free from nitric sicid. (4). Perfectly colourless distilled water. 

Tho water to bo examined must) if coloured, bo decolorised by addition of a few 
drops of aluminium sulphate solution, and subsequent addition of sodium carlxinatc ; 
tho precipitate ihoroby formed does not carry nitrous acid down with it. After thfl 
'water thus decolorised has been passed through a filter previously freed from adhering 
nitrous acid by washing with water containing sulphuric acid, a tall glass cylinJ®^ 
about an inch in diameter is filled with it to a mark of 100 c.c., about h c-c- solution 
of diamidobenzoic acid solution is added, together with a few drops of sulphuric ncid, 
and the liquid is left at rest for alxiut a quarter of an hour, by which time the colour 
is fully developed. A eeconcl cylinder of the same diameter is then filled to the 
mark of 100 c.c. with distilled water, diamidobenzoic and sulphuric acid added os 
before, und thou a quantity of tho normal solution of silver nitrite sufficient -to prodne® 
the (fame depth of colour as in the first cylinder. The colours of tho two liquids must 
be compared together after a quarter of an hour, best near a window. Tlie quantity 
of tho normal solution of nitrous acid used gives directly tho amount of nitrous scid 
in the water under examination. 

Bespecting the estimation of nitrous acid in nitrous sulphuric add, see G. E- 
(Chem, News, xxiv. 257, xxv. 25 ; Chem. 8oc» J. [2], x. 173), and W, Crowder (Cw™* 
Nem, zxiv. 237 and 249 ; Chem, Soc, J. [2], x. 174). 

Vitriteta Ammonium nitrite. — On tho simultaneous formation of ammoniuiu 
nitrite, hydrogen dioxide, and ozone, in the combustion of hydrogen in tho sir, sw 
HyDBOGEW (p. 660). 

Cobalt nitrites (S. P. SodUer, SiU. Am, J, [2], xlix. 189 ).-^Erdmann found ^ 
when cobalt salts are tireeipitated by ^tassium iiitrito, various products 
acCoidingly as tho cobalt solution is acid or neutral, and that the - 
80oK*(NO*)‘ -f H*0, is likewise formed in an atmosphere of carbon diomde 
Chem, zcviir 885}. salt exominod by Sodtler was prepared by miziuff a soluti 
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of cobalt chloride, strongly acidulated -with acetic acid, with a concentrated solution 
of potassium nitrite. This suit, after washing with iX)taBsium ncotato and then with 
ulcohol, has tlio composition of tripotassio-cobultic nitrite, Co^O^SN'-'O* + 
3(K®0.N®0*), or Co'‘'(NO-)®.6KNO*. According to the concentration of the solutions 
employed, it contains 4, 3, 2, 1 mol. 11^0, or is anhydrous, the colour varying at the 
same time from light yellow to dark greenish-yellow. ITcnco it appears that mixtures 
of salts containing different amounts of cj^stallisation-water aro very apt to form, so 
that it is difficult to give a definite process for tlie preparation of either of them. 

When a solution of cobalt chloride, kept constJiutly acid with acetic acid, is mixed 
witli sodium nitrite, brown drsorliocobaltic nitrite, Co=(NO®)'’.4NaNO'‘' + 11*0, 
is precipitated, and on further addition of sodium nitrite, yellow trisodiocobaltic 
nitrite, Co*(NO*)“.6NuNO-’ + H'‘0. The solution of the latter Kilt yields, on addi- 
tion of luteo-cobaltic chloride, u crystalline yellow salt, in which the sodiiira is ropL-icod 
by luteo-cobalt, giving the formula Co*(NO*)® + Co*.12NIP.(NO-)® + H*0. In like 
manner are obUiinod tho corresponding rosco-cobaltic salt., Co*(NO‘-)® + Co*.10(NlI®). 
(NO*)® + H*0, and a xantho-cobaltic salt not yet analysed. The ammonium salts 
correspoiiding with tho sodium salts, viz. diammonio-cobaltic nitrite, Co*(NO*)®. 
4(NH'')N0 *-i- 2ir-0, and triammouio-cobal tic nitrite, Co*(NO*)®.6(NH^)NO* + 
211*0, have also been prepared ; but the conditions of their formation have not been 
determined further than f hat tho formation of tho triammonium salt is favoured by the 
use of concentrated solutions. 

Tho addition of potassium nitrite to a warm dilute solution of cobaltoiis chlo- 

ride produces ffrst a black or green precipitate of potassio-dicobaltous nitrite, 
2 Co(NO*)*. 2KN()‘‘ + H*0. aiul aftopwards a yellow slightly crystallino or amorphous 
precipitate of potassio-moiioco ballons nitrite, Co(NO*)*.2KNO* + 11*0. 

Kespecting tho Nitrites of Platinum-bases, see Puatinum-basrs, AmtoNiACAL. 

Silver nitrite f AgNO*, heated in an open crucible ora watch-glass, is decomposed 
eccording to the equation — 

3AgN0» = N*0* + Ag^ + AgNO*; 

iu a well-covcrod crucible, on tho contrary, tlie decomposition takes place in tho man- 
ner represented by tho equation — ^ 

2AgN0" * NO + Ag + AgNO*. 

And, lastly, wdieii tho salt is heated for a long time t() 98®-140® in dry air, or in 
uqueous vapour, it is decomposed almost completely, according to the equation — 

AgNO* = Ag + NO* 

(Divers, Chenu Soc. J, [2], iz. 83). 

Tetrozlde, NO* or N*0*. This oxide is produced by the action of nitryl chloride 
on silver nitidto : 

NO'^Cl + 0 = AgCl + 

This reaction tends to the conclusion that tlio rational formula of the totroxido is 
N0-> 

jfQ I 0 (A. Exner, CAe^n, Centr, 1872, 273). 

Nitrogen totroxido is .also formed by tlio direct combination of oxygen with the 
trioxide, which is easily effected by passing a stream of oxygon or air into the mixture 
of nitrogen trioxido and totroxido evolved by tho action of fuming nitric acid on 
nrsenioiiN acid. The liquid tetroxido thus obtained is pure enough for most purposes 
lifter one rectification (llascnbach, J, pr, CItem. [2]. iv. 1 ). 

Reactions, — 1. Nitrogen totroxido unites at high temperatures with the dioxide, 
producing the trioxide : NO* + NO = N*0* (p, 853). This seems to show that the 
molecule of tho totroxido at ordinary lomperatures contains N*0*, and that it is split up 
at liigli temperatures into 2 molecules of NO*. At comparatively low temperatures tho 
affinity of tho dioxide for the group NO* ‘does not appear to bo strong enough to split 
jy the nioleculo N*0* ; but os soon os this separation is effected by the action of heat, 
the NO® thus settee unites with NO, producing N*0*, 

In like manner, tho combination of NO* witli Cl, Br, and Cy, may bo effected by the 
action of chlorine, &c. on the heated tetroxido. N i tryl ch lo r ide, N0|C1, is easily 
nttainod in this manner. Tho bromide is formed in like manner, but, is partly re- 
aolycd into its constituents by distillation ; the iodide is not formed by the action of 
mdine on the heated tetroxido. By passing cyanogen and nitrogen totroxido through a 
lod-hpt tube, white silky needles ere obtai ned, which explode with fearful violence with- 
qut assignable cause, even at low temperatures ; in consequence of this, their c^- 
P^sition could notbodetennined,butthey probably consist of nitryl cyanide, NO*Cy. 



856 ■ 


NITROGEN OXIDES. 

Nitrogen tetroxido acts on sulphuric anhydride, forming the compound N*0*S0* 

With sulphurous anhydride, nitrogen tetroxido unites to a white solid mass, probablv 
having the composition SO*(NO*)*. Carbon monoxide is partly oxidised by nitroacn 
tetroxide at ordinary temperatures, and partly combines with it, forming a very 
volatile liquid, which is decomposed, with cfiervescence, by water. Hmsene is acted 
upon by nitrogen tetroxido, gelding nitrobenzene and oxalic acid. When sulphuric 
acid is added to a mixture of benzene and nitrogen tetroxido, nitrobenzene is formed 
probably according to the equation — ’ 

c*n* + 2NO* + so*{°” = c*n»No* + + ipo. 

Pentozldei Xritrio AnbydrldOi N*0*. Preparation. — H. Weber (Pogg. Ann. 
cxlvii. 113) prepares this compound by the action of phosphoric anhydride on nitric 
acid. The strongest nitric acid, freed as completely ns possible from nitrous acid and 
cooled by ice, is treated with phos{>horic. anhydride added slowly and by smiill 
quantities at a time. The syrupy liquid is distilled as long as anything coracs over at 
a blood-heat, and condenses in oily drops in the neck of the retort; and thotwoluycrs 
of tho distillate are separated by decantation, the lower consisting mainly of nitric 
hemihydrate, 2N*0®.II*0. The upper layer, which consists of nitric anhydride, nitrons 
acid, and some of tho hydrate, is cooled by ice-water, which renders it turbid, and 
causes a small quantity of a clear coloured liquid to separate. Tliis liquid, wliich 
consists of nitric anhydride and nitrons acid, is further cooled by ice or a freeziniy- 
mixtiiro, when some of tho nitric anhydride crystallises in well-formed, transparunt, 
yellowish prisms, leaving a liquid compound of nitric anhydrido and nitrons neid, 
which appears to bo richer in the former than nitroso-nitric acid. Lastly, the anhy- 
dride is purified by cautiously fusing it, again crystallising it by cold, and draining off 
tho mother-liquor. 

Berthelot (/. Pharni. [4], xix. 182) cools tho nitric acid by a freezing-mixture, sons 
to prevent the temperature from rising above zero, and after all the phosphoric anhy- 
dride has been added, transfers the psisty mass quickly to a tubulated retort capable of 
containing five or six times the quantity, and distils very slowly, collecting the pro- 
duct in stoppered bottles surrounded with ice. ^ 

Nitric anhydrido molts at about ; its specific gravity in the solid state is abovo 
1*64, in the liquid state less than 1636. 

It is very unstable, particularly in the fused state, but can bo prosorvod for several 
days at 10'^ in a dry atmosphere. It is volatile at ordinary temperatures, and its 
vapour condenses in beautiful crystals in the cooler part of the tube containing it. In 
a freezing mixture it is almost colourless (Weber). 

It is not explosive either in tlio solid or in tho gaseous state, but as it gradually 
decomposes even at ordinaiy tempornturcs into oxygen and tiio tetroxide, it should 
be preserved in stoppered bottles, not in scalefl tubes (Berthelot). 

Nitric anhydride acts with great violence on sulphur, forming a compound of 
sulphuric anhydrido and nitrous acid. It also acts with great oneigy on phosphorus, 
potassium, and sodium, sotting them on fire. Upon organic substances it also nets 
with great intensity. It does not act upon charcoal, but this substanco when pre- 
viously kindled burns with great brilliancy in its vapour. It .acts on zinc, caclraiom, 
morcuiy, and arsenic, and slightly on magnesium and thallium, but l^s no action on 
most other metals (Weber). 

Nitric Hemihydrate, 2NW.H*0, This hydrate crystallises out on cooling dio 
lower layer of tho distillate from nitric acid and phosphoric anhydride in a freezing, 
mixtue. ^ It can also bo prepared by adding nitric anhydride to nitric acid. The an- 
hydride dissolves, with development of heat, until the hemihydrate is produced, hut any 
further quantity of it remains insoluble. The pure hemihydrate is obtained by ciys- 
tallising it out in a freezing-mixture, draining it from the mother-liquor, allowing it 
to melt, and again crystallising it. In its chemical properties the hydrate resembles 
the anhydride. It is liquid .it ordinary tcinperatuTes, but less so than the ordinaiy 
monohy^te, and more or less yellow-coloured; solid at about —6®. , Its specific 
gravi^ at 18® is 1*642. It decomposes slowly at ordinal^ temperatures. When 
heated it partly distils unchanged, but nitric anhydride is also formed, so tliafe 
the distillate consists of two layers, the upper being the anhydride. In this decompo- ' 
sibion it resembles fuming sulphuric odd (Webmr). 

Nitric Monohydrate, Nitric Acid, N*0®.H®0 or NO*H. (hwMffsnw.r-6op- 
pelsroder [Zeitschr. andk Chem. x. 250, xi, 16) has determined the quantitiss of nit^ie 
acid and ammonium nitrate in rain-water and snow (at ]^Bel), for the twelve mostlis 
from October 1870 to September 1871i The results are prea in the foUoinsg 
table;-- 
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Minimum 

Maximum 

1870-71 

Total amount 
of raiu and 
snow-water 

Amount contained in 1,000,000 inrts ol the 
collected rain or snow-water 



N»0" 

NH‘.NO" 

N'0‘ 

NH‘.NO“ 

October, 1870 . 

101*2 mm. 

trace 

trace 

13*6 

20- 1 

November „ 

123*9 „ 

*5 

•7 

1*2 

1-8 

December „ 

01-2 .. 

*4 

•6 

5*3 

7*8 

January, 1871 . 

374 „ 

3*1 

4*6 

5*3 

7*8 

Fcbniaiy’ „ 

38*5 

2-2 

3 2 

4*4 

6*5 

March „ 

27*5 .. 

2-6 

38 

12.3 

18-2 

April „ 

107-4 „ 

2*2 

3*2 

4*6 

6-8 

May „ 

41-3 

2-2 

3*2 

10* 

14*8 

June „ 

114*5 

2*3 

3 2 

6-2 

91 

July „ 

141*4 

6*41 

0 6 

1*1 

0*63 

August „ 

26-9 „ 

0-08 

0 11 

0-98 

1*4 

September „ 

41*6 „ 

0-6 

0-87 

1*0 

1-46 


Former observers, among wliom ore Barral, Bobicrrc, 15oussiii‘iault,Bino.ni, and Knop, 
found from O'l to 16 parts of nitric iicid in a million ports of atmospheric dojposit. 

According to Chabrier {Compt, rend.) rain-water which falls when the air is tran- 
quil contains moro nitrous than nitric acid, but in storms the nitric acid predominates, 
especially if the rain is collected in the middle of the storm. 

C. Ekin \ CIicm. Soc. J. [2], ix. 64) found in the spring-water of an uncultivjitcd hill 
near Bath, not exposed to any contamination with organic matters, 65 grains of nitric 
acid in a gallon. The rocks and fossils of this hill wore found to contain the follow- 
ing proportions of nitrogen in a million parts. 


Grey chalk marl . « 

Bath oolite 

Bossils from tlic g|rcon-sand 
„ „ lias ^ . 

„ „ Fuller's -earth 

Inferior oolite , . • 


M 

1-3 

2*23 

3'6 to 4 
5*0 

6-9 to 7-6 


Formation. — When hydrogen is burnt in oxygon in a largo flask to which air is at 
the same time admitted, the flask becomes filled with red vapours, and the water wJiich 
condenses contains a considerable qiuintit^y of nitric acid (Hofmann, Deut, CJiem, Ges, 
iii, 658). 

Decomposition hy Heat. — It is well known that nitric acid is decomposed by heat 
into oxygon, water, and nitrogen tetroxido, the decomposition be^nning at the boiling 
point of the acid and being complete at a red heat. To nsccrtJiin with greater accu- 
racy the nature of the products, the gradual increase of the decomposition with the 
temperature, and the point at which it becomes complete, Carius {Deut, Chem. Ges. Der, 
iv. 828) hins made the following determinations of tlio specific gravities of the gas pro- 
duced at difierent temperatures. 
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G^ese num^rs show that the specific gravity of tlio gases produced hy the decom- 
position of nitric acid remains constant from about 2d6^ to 312°, 'whonco aleo it 
appoars that from 256° upwards no further change takes place in the composition of 
these gases. Mproovor their specific gravity, which is nearly 18 (II * 1), is J of 31-5 
the sp. gr. of nitric acid vapour, which is just what it should be if tho decom position 
takes place as shown by the equation : 

2IINO* = 2NO* + H“0 O. 

Tho result negatives the supposition — ^impxobablo also for otlior reasons— that tho 
vapours contain nitrous acid. 

To ascertain approximately the quantities of oxygon set free at differotit tempera- 
tures, nitric acid enclosed together with air in <a sealed tube was heated, and tho in- 
crease of volume of tho air on opening the tube under wat(*p was measured ; this gave 
the volume of the oxygon set free by tho decompo.sitio[i. Tho results are given in the 
following table : — 


1 gmm of Kitric acid yields of Oxygen gas : — 


HH 

■ In presence of air : 

15 c.c. 

250 C.C. 

1200 C.C. 

Calc ulu ted 



C.C. 

C.C. 

c.c. 



15-47 





33-30 






IIIHiHI 

non 


Tho quantity of oxygen increases up to a certain ‘jx>int with tho quantity of nir pre- 
sent and tho temperature of decomposition ; above 200° tlicre were found, for equal 
quantities of air added, nearly equal quantities of oxygon. I^istly, on calcidating the 
quantities of oxygen sot free, from the specific gravities of tho mixed vapours, these 
quantities below 200° aro found to be nearly equal to those obtained in presence of 
largo quantities of air. 

The specific gravities of tho mixed vapours afibrd tho means of calculating Iho 
amounts per cent, of nitric acid decomposed, accortling to tho preceding equation, at 
different temperatures below 256°, and the quantities of oxygen thereby formed. The 
results are as follows : — 


Temperature 
of decomposition 

Sp. gr. H = 1 

Decomposition 
per cent. 

Oxygen from 1 gram 
NHO^ 

0 




86 

20*6 

9*63 


100 

29-1 

11*77 


130 

27-6 

18*78 


160 

25*8 

28*96 


190 

23*0 

49*34 


220 

20*4 

72*07 

63-77 

250 

18*6 

93*03 

82*30 

256 

18*0 

100*00 

88-47 


On tho Electrolysis of Nitric Acid, see Bourgoiii {CompL rend, Ixx. 811 ; e7. Fham* 
Chim, [4], xii. 110, xiii. 266; Chetn, Soc, J. [2], ix. 886). 

Estimation . — For tho estimation of nitric acid in well-water, ]^rx in 1868 pr<^*® 
a volumetric method based on the decoloration of indigo by nitric acid. Tho water 
mix^ with twice its volume of strong sulphuric acid, whereby its temjjoraturo 
raised to about 120°, and a standard solution of indigo (4 c.c. =• 1 mgrm. ni^c aa ; 
is poured into it till a distinct green colour is produced iZeitscAr, anaU ' 

412). Several modifications of this method, witli the view of rendering it ^ 
rate, have boon proposed by Goppolsptkler {ibid. ix. 1), Trommsdorff 
Rcmmelen (t^. xi. 186 ; Ckem. &fc. J. [2], xi. 00), and F. FiachoT (J, pr.'Cn^ W 
vii. 57.;^X^h* [^]» *** 1054). 

An 


fii, SkK?. J- [^]i xi. 1054). ^ , «i*,Ai iua(l 

for tho porfonnancQ of Schlosing’s method of estimtiag W®*®? 
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based on the reducing action of boiling hydrochloric acid and ferrous chloride on 
nitrates (ir. 88), together iritli certain modifications in the method, is described 
by E. Keichardt {Zeitschr. anal. Chtim. ix. 24; Cheni. Soc. J. [2], ix. 439). Another 
modification of the method is described by E. Fleischer ( Zeitsekr. anal. Chem. xi. 309 ; 
Chem, Soc. J. [2], xi. 629). 

For the estimation of nitric acid in saltpetre, A. Wagner {Vin^L iwl. J. cc. 120, 
cci. 423 ; Cltem. Soc. J. [2], ix. 7d3, x. 323) makes use of the oxidising action of nitric 
acid on chromic oxide : 

Cr®0> + N20» * 2CrO» + N^O^; 

0 3 to 0*4 gram of the saltpetre is heated 'with 3 grams of chromic oxide .ind 1 gram 
of sodium carbonate in a tube from which the air has been previously expelled by a 
stream of carbon dioxide, 'wliich is also slowly kept up during tlio ignition to expel 
the nitrogen dioxide evolved. After cooling, tlio contents of the tube are dissolved in 
water, the chromic acid precipitated by mercurous nitrate, the preoipiuto washed with 
a dilute solution of the same salt, then ignitorl, ;in(l tlio resulting chromic oxide 
weighed. 1 part of CrO® is cciuivalcnt to 0'7068 N-0^‘ 

The estimation may also be made by collecting the evolved nitrogen dioxide over 
mercury in a tube containing oxygon gas and a standard solution of caustic soda, 
whereby the nitrogen dioxide is converted into nitric acid, which combines with the 
soda. When no moro oxygon is absorbed on sh.aking Iho tube, an aliquot part of the 
Hodn-solution is titrated back with stindard sulphuric acid. 

The presence of organic matter vi I bites tlic results of this method. In .applying it 
to the estimation of nitrates in potable 'waters, Wagner first evaporates the water with 
sodium carlx>nato and poUissiiim pc.miaiiganate. 

A method of estimating nitric .acicl in potable Wiitcrs, based on Schulze’s method of 
reduction with aluminium, and titration of the ammonia tlioroby produced, is given by 
T. F. Blunt ( ChvM. News, xxr. 205 ; Cheni, Soe. J. [2], x. 922). 

Metallic Vitratee. On the Heat of Formation of Nitrates, see Heat (p. 626). 
Aluminium nitrate, prepared by dissolving recently t^recipitatod alumina in 
dilute nitric acid, crystallises in rhombic pyramids truncated by horizontal prisms, 
dissolves easily in water and alcohol, is very hygroscopic, and has a strong acid reaction 
(E. Thorcy, Buss. Zeitschr, Bharm. x. 321). 

Ammonium nitrate. — This salt is capablo of condensing considerable quantities 
of ammonia gas, forming a liquid the properties of which havo been studied by E. 
Divers {JProc. Bay, Soc. xxi. 107). 

Ammoniated ammonium nitrate varies in composition according to the temperature 
and pressure. At a temperature of 23® and the pressure of the atmosphere, it consists 
of about 4 parts of nitrate to one of ammonia by weight; but under greater pressure 
or at lower temperatures, much more ammonia can bo coiidonsod by the nitrate. At 
0® and the pressure of the atmosphere, 2 parts of nitrate can coiulnnso 1 part of ammo- 
nia. liiko an aqueous solution, the liquid boils when heated, and, when nearly satu- 
rated with tho nitrate, deposits crystals of it w'hen cooled. It can also.liko an aqueous 
solution, bo heated above its boiling point without boiling, ami become supersaturated 
with tho salt 'without crystallising. During its decompo.sition cold is manifested, and 
during its formation heat is evolved, but not to a groat extent, because tho heat given 
tint by tho liquefaction of tho ammonia is nearly all used up in the liquofaction of tho 
nitrate. 

Tho specific gravity of tho liquid v.arios with its composition. 'Wlien it consists of 
two of nitrate to one of ammonia, it has a specific gravity of 1’0725 ; when it consists 
of four of nitrate to one of ammonia, it has a specific gravity of nearly 1-200. Its 
specific gravity can be calculated from its composition by taking 1-5245 as tho specific 
gravity of tho nitrate, and 0*671 as that of tho ammonia. 

In its rate of expansion by heat, tho liquid resembles others which exist as such at 
ordinary temperatures, rather than those which, like ammonia itself, nro retained as 
such only great pressure. Its expansivity increases with the quantity of ammonia 
prosent. 

Its action upon a great number of substances, principally inorganic, resembles for 
tho most part tho actions of dry ammonia and ammonia nitrate conjoined. The nitrate 
^Ppoirs to undergo double decomposition with most salts, and the ammonia to unite 
with nearly all, including tho salts of magnesium, aluminium.^ iron, and manmincsc. 
^lie ammoniated compounds which do not dissolve in the liquid are very bulky, 
titrates, chlorides, iodidos, and bromides, are either soluble or are decomposed into 
soluble chlorides, &e., of ammonium, and insoluble ammoniated compounds of Uie 
totals. Sulphat^, oxalates, chromates, and arsonites are insoluble, .-lud phoTOhaM» 
We aoarly.Bo. Phosphoric and chromic onhydrides do not act upon tho liquid witn 
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the energy that might be expected, but combine vith the ammonia. Iodine diasolvea 
freely. ^ Sromine generates nitrogen. Lead salts, including sulphate, chloride, iodido 
and oxide, are freely soluble as ammoniaterl compounds. Platinous chloride dissolves 
freely as tetrammouio-platinous chloride. Potassium salts are very sparingly soluble. 
Alkalis and their carbonates decompose the nitiuto; so do litharge, lime, and baiyta* 
Calomel is converted into metallic mercury and a soluble ammoniated mercuric com- 
pound. Potassium, sodium, zinc, and cadmium dissolve without liberating gas, l)y 
reducii^ the nitrate to nitrite, potassium taking fire. Magnesium slowly dissolves 
liberating a little hydrogen, reducing the nitratn, and becoming partly converted into 
Beetz*s black suboxide of mi^csium. Methyl iodido is decomposed ; butyric otlior 
and chloroform dissolve sparingly without decomposition. Ether is insoluble, but by 
its contact causes tho liquid to break up into its two constituents. ^ 

Ammoniated ammonia nitrate is a good eloctrolyle, ammonia and hydrogen appear- 
ing at tho negative electrode, and nitrogen and ammonia nitrate at the positive electrode. 
Positive electrodes of silver, lead, copper, zinc, and magnesium, are dissolved by the 
liquid as (ammoniated) nitrates. A positive electrode of mercury is converted into a 
compound almost insoluble in the liquid. When the electrode is acted upon, tho gener- 
ation of nitrogen does not take place. 

Cerium nitrates (p. 274). 

Manff anous nitrate. -^According to Schnlz-Sollack, the solution of this salt in 
strong nitric acid evaporates to a thin syrup, which deposits crystals consisting of the 
hydrate MnN*0*.3H*0, that is to say, with half tho quantity of water of the ordinary 
salt (iv. 05). 

Silver nitrate, AgNO».--On the action of Hydrogen on this salt, see IlYDiiOcniN 
(p. 660). 

The compounds of silver nitrate with silver iodide (iv. 105) have been furtluir 
examined by C. Sturenberg (Arch. Vharni. [2], cxliii. 12). AVlicn silver iodido is din- 
solved in a boiling moderately concentrated solution of the nitrate, the salt, 2.\gj\U*. 
Agl, crystallises out on cooling ; but on saturating tho solution completely with silver 
iodide, another double salt is obtained to ■wliich Stiironberg assigns tbo foimul.i 
2AgNO*.2AgI. When this latter is treated with a concentrated solution of silvtir 
nitrate, it dissolves and is converted into 2AgNO*.AgI. This salt can be obtuinod ns 
a finely crystalline precipitate by treating its solution with alcohol. When the salt 
2AgNO*.2Agl is treated with water, silver iodide separates out, but redissoh'cs partly 
on boiling, the salt 2AgNO*.AgI being thereby produced. 

When a boiling solution of silver nitrate is incompletely saturated with lead iodide, 
the hot-filtered solution deposits, on cooling, the salt 8AgNOMAgI.Pb(NO*)- in well- 
defined colourless prisms belonging to the quadratic system, with the faces ooP and 1*. 
It is decomposed by water into silver iodide and tho nitrates of sih'or and lead, hy 
prolonged boiling with load iodide it is converted into tho salt 4AgNO='.4AgI.2Pb(NO>)*, 
which, however, cannot be obtained pure in this manner. It may bo prepared in the 
pure state by mixing the solution containing the two salts with alcohol, wheroujwn 
the salt containing the smaller proportion of load is precipitated, while that which 
contains the larger proportion crystallises from the liquid in beautiful well-defined 
hexagonal prisms with tbo faces ooP and P. This salt is decomposed by silver nitrate 
with formation of 2AgNO’.AgI. 

Silver -lead nitrate, 2AgNO^Pb(NO*)®, is obtained by evaporating a solution of the 
mixed nitrates to the crystallising point. Tlic ciystals belong to the hexagonal system. 

Similar doulde salts of silver nitrate with mercuric nitreato appear to exist. An 
experiment similar to those by which tho lead salts above described were prepared 
led to the formation of tho salt 32AgNOM6AgI.Hg(NO*)». 

Uranium nitrate , — According to Schulz-Sellack (JZeUschr.f. Chem, [2], vi. 640) 
a solution of uranic nitrate, evaporated with a large excess of nitric acid, deposits, on 
cooling, beautifully fluorcscont needles of the salt (UO*)(NO*)s.3H*0 [U** = 240], 
whereas, according toDrenckmann {Jahresh. 1801, 266), tho ordinary salt (UO*)(N0T 
6H”0 ciyatallises from acid as well as fh>m neutral solutions. Good ciystalB of the 

hydrate (UO*)(NO*)*.3H®0 are obtained by evaporating the acid solution over snlphnric 

acid and potash ; they do not effloresce in a vacuum, but deliquesce in the air, and melt 
at 1209, whereas tho ordinaiy hydrate melts, according to Ordway, at 69®. According 
to Peligot the ordinaiy hydrate gives oflT half its water in a vacuum (v. 107)» leaving 
therefore a mass having the composition of tho tri-hydrate. 

Yttrium nitrate, Y(NO*)*+4H,*0, forms largo colourless crystals easily soluble 
in watOTr alcohol, and ether. It is unalterable in the air, but ^ves off 2 mols. of 
VQttor when dried at 100® (F. T. Clove, Bull, Soc, Chim, [2], xz. 198). 

Mtrlo BtbMMU According to P» Champion {Cmpt, rend* bodii. 67ii 878} tbe 
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nitrates of awyh Jiexyh and cetyU may bo obtainod by treating the corresponding 
alcohols with a mixture of nitric and sulphuric acid. 

Cetyl nitrate^ C*®H“NO», prepared by adding pulverised cetyl alcohol to the 
mixed ^ids, H ashing the separated oil with water (best after solution in ether), and dry- 
ing in a vacuum, is a colourless liquid f'olidifying between 12® and 10®, and crysbillising 
by slow cooling ill long ilattcued needles. It is slightly soluble in cold alcohol, more 
Kolublo ill warm alcohol, still more in ether, chloroform, and carbon sulphide, slightly 
soluble in amyl alcohol and methyl alcohol. Sp. gr. *-0*91. It is decomposed by heat, 
with separation of charcoal, burns with difficulty, assumes tlio spheroidal condition 
when poured upon a hot plate, and then bums with a smoky dame. It is decomposed 
by strong sulphuric acid. 

irZTXOOXa'YCBAlira On the hoatdoToloped in the formation of this compound, 
600 Hkat (p. 626). 

On tho Explosive force of Nitroglycerin, see Expi.osion (p. 498). 
HlTBOlVKAirKXTASr. See Mannitb (p. 776). 

irZTlKOXMCSTBAiril, CH’NO^. See Nitbofabaffins, under Paraffins. 

xrZTROMBTBTXiBBirZOPBEVrOM'B, Ci^II"(N0^)0 ^ C>H«NO« - CO - 
(;«]!< _ Cll*. A body formed by tho action of nitric acid of sp. gr. 1-4 on bcnzyl-tolueno 
nt tho heat of tho water-bath. It crystallises from hot dilute alcohol in long flat 
iioecllos or silky plates melting at 127" and subliming without decomposition in shin- 
hig plates. When treated with tin and hydrochloric acid, it yields au araido-com- 
pound, forming amorphous salts, from which it is precipitated by soda-solution us a 
light whito powder (/iiicko, Deut, Chem. Ges. Ber, v. 683). 

xrZTBOPBOPABBf C^H’NO^. Sco Nitrofabaffins, under Paraffins. 

BlTBOBOBZBTBYZiAMZira, = N \ C'-H\ Bitrosodiethylin, 

(NO 

HUrosethylin , — This compound, formed by the action of potassium nitrite on rliethy- 
Ijiinino hydrochloride (iv. 114), is somow’hat strongly acted upon by i>ota8h, soda, 
and other ulkalino bases, either in aqueous or in alcoliolic solution ; when it is hoatod 
tliorowith in scJilod tubes to 105® for about eight hours, the chief products are nm- 
iiioiiia and othylamino. With sodium amalgam, in presence of water, it yields diethy- 
laiiiino and nitrogen monoxide : 

2N(Cm»)2NO + 2H* « 2N(C»H»)*H + N*0 + H=0. 

Dry hydrogen chloride transforms nitrosodiethylamine into a mass of crystals consist- 
ing of dicthylammonium chloride, nitrosyl chlorido being formed at the samo time : 

N(C*H»)*.NO + 2HC1 * N(C»II“)®II*.C1 + NOCl, 

(Goiitlior, Jenaiachc Zcitschrift. vii, 118). 

arZTBYB CBZiOBZSSf BBOMZDE, ZOBZDE, and CYABZDSp NO-Cl, &c. 
On the formation of these compounds by tho action of chlorine, &c., on nitrogen 
totroxide, see p. 855, 

BOOTZXiVCZB. This name is given by T. L. Pliipson {Chew, Bews^ xxvi. 130) 
to the peculiar organic substance which causes the production of light in phosphores- 
cent fish, tho glow-worm, and probably all other phosphorescent animals ; it appears 
also to bo formed, under a variety of circumstances, at tho expense of dead animals and 
Tegetablo tissue, and even by certain living plants {Euphorbia^ Jyaricus, &c.) 

Animal noctilucin at tho ordinary summer temper.uture is a semi-fluid, almost 
liquid substance, containing nitrogen ; it is white, contains a considerable amount of 
Wiitop, and has a edight odour resembling that of caprylic add ; it is only slightly 
Bolqblo in water, and insoluble in alcohol and ether. SuliDhuric and nitric acid dissolve 
und decompose it; potash evolves ammonia from it. When moist it absorbs 
®*yeon and evolves carbonic acid, and, when left to itself, dries up to thin, shiuing, 
transparent films, devoid of structure, and resembling tho mucin of tho prden snail. 

When recently produced, it is highly phosphorescent, and the production of light is 
owing to oxidation. It is secreted in phosphorescent animals by a special organ, 
und appears to bo consumed [? by oxidation] in producing light nearly as fast 
it is formed. Its light is nearly monochromatic, and its spectrum pnnapally do- 
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velc^ed between the linog E end F, In an impnpo state noctilucin can bo obtained 
from the surface of various fish when highly phosphorescent, also from tlie glow-worm 
by pressing tho luminous matter collected by the scalpel through porous filtering- 
paper, It is secreted in a pure form by tho luminous centipede {ScdopendfaeUctnca), 

If OBXiZTBa This mineral, from Nohl near Kougelf, Sweden, very nojirly resembles 
tlio Biimarskilo fi*oiii the Ural, but is distinguished from it by a rather considemblo 
percentage of water. It is compict, of a bluck-brown colour, and is opaquo and brittle. 
The fracture is uneven and splintery, and tho lustre highly vitreous. Hardness 4 5 J 
6*0 ; specific gravity 5 04. llefore the blow^ipo it slow'ly molts at Uio edges to a dull 
glass, and feebly decrepitates through loss of Avater. 

Analysis gave the following numbers 

Nb-O® ZiO* UO yo CflO CaO MgO.MnO FcO CiiO n«0 

50-43 2-96 14-43 14-3G 025 467 0-28 8*09 0*11 4-02 =s 100 20 

agreeing approximately with the formula 2(KO.Nb*0*) + 311*0, (A. E. Norden- 
skiold, JahthiKchf, Mineralogies 1872, 552), 

VOITAirBf Sco Paraffins. 

NOBTYUC ACID, 0*II><>03. Hce PELAaaoNic Acid. 

SnrcXiBZB. A substanco resembling mucin existing in pus-corpuscles and in 
the nuclear structures of the yolk of tho hen’s egg. Seo F. Mieschor, ‘Ueber dio 
Chemisclio Untorsuchung dcr Eiterzelicn’ {Mcd.-chem. Unters, 1871, 411). ‘Dio 
Kerngcbildo im Hotter des lluhnereics * (dnd, 509). Hoppe-Seylor, ‘Ueber die 
Cliomischo Zusammcnsetziing des Eiters* {ibid. 486) ; also Chcin. Sue. J, [2], ix. 742- 
747 . Gmlin'a Handbooks English Edition, xviii. 407. 

BflTTMBO on (Wright, Chm, Soc. J. [2], xi. 549). Tho purest comm 0 rci. 1 l oil 
of nutmeg is resolvablo l)y fractional distillation into the following bodies : 1. A soft 
brown resin (about 2 p.c. of tlio oil) not volatile at 300“^, and having tho composition 
2. Liquids boiling at 260^-280° and 280®“290°, wdioso composition imiy 
be ropresentod by the formula (C‘®ll‘*0*)". 3. Au oxidised oil, boiling at 

212'’-218°. 4. A mixture boiling iit 173°-179° (about 15 p.c. of the original oil), of 
a terpenc, C'®!!'", with a small quantity of c 3 nneiic. 5. A hydrociirboii boiling at 
16d°~164, consisting of a terpeno Avitli a trace of cymciio, amounting to 70 p.c. of the 
original oil. 

From these results it may be inferred tli.it the hydroc.irbon boiling at 167°, called 
by GLidstone myristicono {Cbem. Soc.J. [2], x. 3), is a inixturo of two or moi-o 
terpenes with perhaps a little cyiucDO. 

The oxidised body, C'®H'®0, is myristicol (p. 833). It is converted by heat 
into an isomeric (or polymeric) modification boiling at a higher temperature, and 
subsequently into a resin having tlie same composition. Myristicol treated with 
dehydrating agents yields cyme no, and when treated Avith phosphorus pentachloridu 
it is coDvorted into a compound C^®11'^C1, which is resolved by prolonged boiling into 
hydrogen chloride and cymeno. 

Tile cymeno contained in tho portion of the imtmeg hydrocarbon which boils at 
163°-164°, may be isolated by treating the mixture Avith sulphuric acid so as to poly- 
merise tho terpene present (the cymeno is not altered by the treatment), then shaking 
with water and distilling in a current of steam. Tho cymeno thus obtained is quite 
pure, and amounts to about 8 p.c. of tho hydrocarbon boiling at 163°-164°. 

Tho terpeno of nutraog-oil may bo converted into cymeno by combining it with 
bromine and distilling the resulting dibromide C*®H*®Hr*, whereby it is resolved into 
2H]3randO*®H>®. 

jnFTBlTZOBT. For the most important contributions to the chemistry of Aninul 
Nutrition since tho publication of the First Sumdmsnt of this Dictionavyi sea the 
articles Gastric Jvtce, Glycoqen, Musculab Tissue, Eespiration, and UBimBf in 
the present yolumo, - 
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OATS (Fr. Avoine, Ger. Hofeii). Cultivated oats includo Avena sativa, the common 
oat; A. orientaliSf Tartar oats, also largely cultivated; and A. brevis, find other species 
grown for hay in some parts of tlio continent The variotios, especially of the first- 
named species, Are very numerous, and dificr much from each other us to tho colour of 
tlic husk, the weight per bushel of tho grain, the length and character of the straw, &c. 
OiiU having a high weight per bushel (44>46 lbs.), owe this quality in great measure 
to tho thinness of their husk and skin ; they yield the best proportion of meal, 00 p.c. 
and upwards. Oats with a low weight per bushel (some varictios .^5-38 lbs.) have a 
thicker husk and skin, yield a smaller proportion of meal, and are used as food for 
horses. From this difforenco in tlio character of tho Inisk, oats present a wide range 
in chemical composition. Tho following table shows tho average composition and 
extent of variation of oat-grnin and straw of good quality. Tho composition of oat- 
Iiusk is takon from old analyses by Norton ; the figures for oat-chaff are Wolffs average. 



Number of 
analyses 

Water 

Albumi. 

noids 

Fat 

Carbo- 

hydrates 

Fibre 

Ash 

Outs . 

.4 1 

12*97 

12-87 

6*05 

S3-85 

10*76 

3*60 

10-5-14-8 

8*6-18*5 

4*2-7*l 

6*3-13*4 

2*7-5*l 




Oat-husk 



11*09 

1*67 

1*07 

80*21 

5*96 

Ont-cliaff . 


14*30 

4*00 

1*50 

28*2 

1 34*00 

18*00 

Out-straw • 

10 j 

14*68 

11*3-19*0 

3*69 

1*1-70 

1*60 

1*1-27 

1 S4-47 1 

1 40*46 
|31*8-48‘0 

5*10 

36-6*3 


When tho husk is removed from tho oat, in making oatmeal, tho proportion of fibre 
nod of ash is greatly reduced, wliile the amount of albuminoids and carbo-hydrates rises. 
Thomson gives 10*G1 p.c. as tho average of alhuminoids in oatmeal; Voelckcr, 15'68; 
some chemists place it as high as 17; very few perfect analyses have been published. 
The fat in oatmeal is a1x)ut 7 p.c., the ash 1*5. T>om its liigh contents in albuminoids 
and fat, oatmeal is probably tho most concentrated food supplied by cereal grains. It 
h interesting to observe that, while the removal of tho bran from wheat reduces the 
nitrogenous and fatty contents of the floiur, tho removal of tho husk from oats has pre- 
cisely the opposite effect, so that tho ffner the oatmeal tho richer it is in tlicso ingredients. 

Tliu embryo of tho oat, as probably of all other seeds, is especially rich in nitrogen ; 
Lenz {Jahresh. Agri, Ckem, 1870-2, 4) found it to contain nitrogen equal to 267 p>c. 
of albuminoids. 

TJio nature of the albuminoids in outs has boon thoroughly studied by Krousler 
{J-pr, C^Tu evii. 17). The principal albuminoid is oat-legumin, thoaveninoof 
Johnston ; it is obtained by acting on oatmeal with very weak solution of potash in 
tho cold, precipitating tho solution with acetic acid, and purifying tho precipitate by 
resolution ami precipitation, treatment, with ether, and finallv by boiling with 60 p.c. 
alcohol to remove gliadin. Thus purified it contains, ash doductod, C. 51*63, H. 7*40, 

1716, 0. 22*93, S. *70. It agrees in most respects with the legumin of pons, but in 
its high percentage of sulphur, and some of its properties, moro resembles tho gluten- 
casein of JRitthausen. Oatmeal also yields by extaiction with alcohol a small quantity 
of oat.-gliadin, similar in proporties and composition to the gliadin of wheat, but con- 
taining more hydrogen and sulphur ; it is indeed tho richest in sulphur of the vege- 
table albuminoids. The percentage composition of purified oat-gliadin, ash deducts, 
U C. 52*69, H. 7*66, N. 17 71, 0. 20*39, S. 1*66. 

For the composition of the fat of oats and oat-straw, see the article Fat in this 
volume, 

Oat-straw hs ji ^ on an average, a higher nutritive value than the straw of wlieat or 
contains less *voody fibre and a laiger amount of soluble carbo-hydrates and 
^albuminoids, Tho albuminmds vary greatly, being high when the straw is green, and 
diminishing rapidly in quantity as the straw ripens ; for tho sake of tlio improved 
‘luality of 5io straw oats are frequently harvested before ripenmg is coropletod. The 
straw at the time of harvest contains 30-40 p.c, of water even when fulW ripe, and 
y^rch more if eut earlier ; the analyses quoted above refer to straw which has become 
dry m ths p tru c k- . 

Way found in six specimens of oats an average of 2*34 p.c. of sulphur, and in four 
specimens of straw an average of 1*68 p.c., both on the diy substance. . 










Tho variations in the ash of oats are seen to be very considerable ; they are mainly 
due to tho vai^ng proportion of husk. Oats with thin liusk give an ush with lii<'h 
potash and low silica, but when tho husk is thick tho silica is high and tho potash low. 
This is made evident by conip«aring tho ash analysis of the liusk with that of oats de- 
prived of husk. Tho ash analyses of husked outs are by Norton and Johnston, and 
the ash analyses of the husk by Norton and Fromborg ; tho methods used for these 
analyses were voiy imperfect, but the general diameter of tho ash is made evident. 
The ash analysis of Avena nuda^ in which tho husk is naturally sopirated from tho 
grain, is by F. Schulz. Tlio ash analyses of oat-chaff are by Way and Marcluuid, willi 
ono quoted by Anderson; they vary greatly. Norton found in seven specimens ofoat-chall 
a mean of 16-94 p.c. of ash in tho dry, containing CO'80 p.c. of silica; ho detected 
manganeso in soveral specimens of grain and husk. Tho analyses of oat-straw with 
chaff arc by Way and Ogston, Tlio results of Bretschnoidor and Arondt nro very 
different ns regards potasli, lime, silica, and chlorine ; the explanation lies in the fact 
that Bretschneider operated on an average sample of an oat-crop, Arondt on selected 
vigorous and perfect plants. Areudt showed tho great difference which the luxuriance 
of tho plant makes in the composition of tho ash by examining separately very vigorous, 
strong, and weak plants at different stages of growth ; tho analysis of the whole plauts 
at the time of blossom gave : — 



Very luxuriant oat-plant 
Strong oat-plant 
Weak oat-plant 


Luxuriant plants always contain a greater amount of soluble ash constituents than 
they actually require. , , • j 

Arondt found that in the stem and leaves of tho oat all the sulphates and chlond^ 
and nearly all tho phosphates, existed in a soluble condition, but that nearly all the 
silica, save in tho lower part of the stem, -was in an insoluble state. By dotermimng 
sulphates in tho green plant, he ascertained that tho distribution of sulphates ^ 
sulphur was very different. Thus, immediately after blossom, tho lower part of tne 
stem contained no sulphates, while they were abundant in the upper leaves ; bota 
parts, however, contained suhihur in considcmblo quantity. ^ . . 

The composition of the different parts of the oat plant at different ^ \ 

growth has been thoroughly studied by Norton (Amer. Jour. Sei, [2], iii. 222, 8181» 
Bretschneider (J. pr. Cheai. Ixxvi. 193), by Arendt (Wachtthum der Hqfcrpfl^^ 
and Jahresb. Agn. Cketn. 1868-0, 124), and bv Fittbogen {Jahn^. Agn. Chem. i^i 
128). From this abundance of material we select Bretschneider's fl^es waling wi 
the oat crop as a whole, and Arendt's results for the various parts of the ^ £ 

Brets^ueidor analysed the stem, leaves, and seed of an oat-crop in nyo^sta^B 
growth->I. June 19, 68 days after sowing ; the fourthandflfth leaf jg:enei«lly develop 
XL . June 29 ; the ear bad left its sheath. III. July 8 ; flill }Aoom. IV. July liriod 
' mencement of ripening. Vi. August 8 1 ihlly ripe. The results for the . second p«*y“ 
-were imperfect. 























CmposUion of an Oat Crop in various Stages of Growth, 


Oontents In 100 parts of the drjr crop 

Contents In kllcB. per hectare 


I. 

III. 

IV. 

V. 

I. 

III. 

IV. 

V. 

Oiwanic matter 

91*43 

94-04 

94-67 


1087 

3817 

4758 


Ash . 

8-57 

6-96 

5-33 


102 

242 

2G8 

344 

Carbon . 

46-22 

48-76 

47-91 

46*80 

650 

1079 

2408 


Hydrogen 

6-23 

6-53 

6-33 

5-88 

74 

265 

318 

376 

Oxygen . 

35-39 

3506 

37-65 

39-40 

421 

146U 

1892 


nitrogen . . 

3-59 

2-70 

2-78 

2-43 

43 

113 


155 


ro-80 

73-47 

63-77 

35*17 

4608 

11241 

8846 

3459 


Composition of the Ash, 


In 100 parts 

In kilos, per bectoM 


I. 

III. 

IV. 

V. 

1. 

III. 

IV. 

V. 

Potash • • 


28-06 

25-60 

25-90 

19*14 

29-52 

61-93 

69-38 

66-91 

Soda • • 


6-40 

8-67 

4*16 

5*29 

Km] 

wmi 

11-17 

18-19 

Lime 


5-66 

6*46 

5-19 

5*43 

6*77 

15-62 

13-90 

18*69 

Magnesia . • 


5-34 

5*25 

4-98 


5-44 

12-70 

13-34 

17-29 

Ferric oxide • 


1-22 

•39 

•31 

■39 

msn 

1-04 

•83 

1-34 

Phosphoric acid 


7-96 

9*17 

9*61 

nan 

8-10 

22-18 

25-74 

34-88 

Sulphuric acid . 


6-67 

2-46 

1-99 

3-89 

6*67 

5-95 

5-33 

13*39 

Silica . » 


36-28 

40-00 

45-67 

49-17 

36-97 

96-77 

WSSMk 

169-28 

Chlorine . 


3-38 

2-58 

2-94 


3-45 

6-25 

7-90 

6-88 


From these figures it appears that the crop attains its maximum weight at the time 
of blossoming, after whicm the amount of water rapidly diminishes, while the organic 
matter and ash continue to increase. Assimilation is most rapid shortly l^fore 
blooming. The organic matter of the crop increases fiir more quickly than the ash, 
tlio percentage of which at first rapidly, and tlien more slowly, diminishes. The in- 
dividual oiganic elements are assimilated in different proportions at the yarious stages 
of growth, which will be most clearly seen by the following statement, showing the 
proportion of Mch taken up for 100 of carbon assimilated. 


Period 

1. 

Carbon 

100 

Nltrogm 

7.81 

Hydrogen 

13-4 

Oxygen 

73-6 


III. 

100 

4-92 

13-3 

72-6 


IV. 

100 

6*15 

12-3 

100-8 

If 

V. 

100 

2-61 

10-6 

106*5 


It is evident that the formation of albnminoids takes ] 


^ jr in the earlier part 

the plant's life, while car^-hydratos are the principal formation in the later stagee. 
Ihe low proportbn hydrogen assimilated at the close seems to point to the forma- 
tionoflignoae, ... 

Among the ash constituents of the oat-crop it appears that but little potash or hme 
'8, assimilated after the time of blossom, while of magnesia, and especially of mos- 
phoric acid and of silica, more considerable quantities are taken up daring the later 
‘tages of growth. . 

Arendt, as alrei^ mentioned, selected vigorous and perfect oat-plants, and det^ 
®med the cmnposition various parts of the plant in five stages of growth ; his rMUlts 

given in the table, p. 866* At Period J. theplants were 0’31 meter high ; three leaves 
^reunfoldedv At Period IL the height was d-6S m.; the ear was 
Jt Period IIA tho heiglrt was 0*84 m. ; blossoming hod just finished. At Penod Iv. 
bright was andumged; ripsmng had commenced. At Period V. pet^ 


Jo attained. 
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opwatod on by; the last-named invostigator. Only a fev points in the table can be n. 
ferrod to. 

The amount of woody fibre apparently roaches its maximum at the time of bios. 
SOming, after which other carbo-hydrates ere deroloped. Fibre reaches its highe^l 
percentage in the dry matter of the stem, especially in the lower part. Fjit is most 
abundant in the leaf, the lower leaves after blossoming containing 9-10 p.c. of fat and 
wax. Albuminoids in the young plant are most abundant in the leaf, in the ripe 
plant in the ear; a transference of nitrogen from the leaf to tho ear is evident aftei 
blossoming. Tho leaf is the part richest in ash ; after blooming the upper leaves cou. 
tain much more ash than the lower onos. Norton even found that tho upper half ol 
an oat-leaf contained more ash than the lower half. The ash of the stem is exceed- 
ingly rich in potash, that of the loiif contains* less potash, but a much larger quantity 
of lime (compare Ulbricht’s results with clover, Foddisb Plants). Tho ash of tho 
stem, contrary to popular notion, is poorest in silica of any part of the plant; tlio 
maximum of silica is in the leaf. Phosphoric acid and magnesia find their maximum 
in the ash of tho car ; a transference of phosphoric acid from the leaf and stem to tho 
ear is plainly soon. This relation of tho ash constituents of tho stem, loaf, and oar h 
abundantly confirmed by Brotschnoidor. In Arendt's ‘ash * carbonic acid is deducted; 
the ash of the ripo stem must have contained a large quantity. 

^ Fittbogon is tho only experimenter on the oat-plant who has included tho roots in 
his investigation ; his plants wero grown in glass pots and examined at throe periods. 
Froin the time when three loaves wore unfolded, the roots 'diminished in weight, nml 
especially in ash constituents ; the transference of iirnttor from tho root took phii’a 
chiofly just before the time of blo.ssoining. llollriegel examiiiod tho plants grown hy 
Fittbogon, and found that each oiit-plant (grf>wing at tho rnto of 32 in a cubic foot of 
soil) possessed an average of 150 feet of rcot fibre. 

The influenco of different classes of manures on the growth of oats, and tlioir oflwt 
OB the^ composition of tho crop, are best illustrated by tho results of Messrs. Laves 
and Gilbert. Tho following figures, kindly commnnicated by tho nuthors, show the 
average produce of black Tartarian oats grown for five successive years on tho Bamo 
land. 


Produce of Tartar Oats mth various Manures, 


Manures per acre 

Pressed 

corn 

Straw and 
ohaflC 

Total 

produoo 

Corn to 
100 straw 

Weight 

per 

bnshcl or 
dressed 
coni 

.No manure .... 
Mixed cinereal manure 
Ammonium salts, 400 lbs. 

Nitrate of sodium, 650 Ibs^ 
Ammonium salts, 400 lbs. with \ 
cinereala . • . ( 

Nitrate of sodium, 550 lbs. with ) 
cinereals . . . ( 

bushels 

195 

24i 

47 

50 

57-5 

cwts. 

10» 

19| 

28i 

m 

41i 

35 

1 . 

lbs. 

1988 

2532 

5186 

5110 

7100 

6317 

, 72 

70 

66 

60 

68 

67 

1 


The mixed cinereal manure consists of superphosphate, with potassium, sodium, and 
magnesium salts. The ammonium salts are mixed chloride and sulphate ; they supply 
the imme quantity of nitrogen as tho 650 lbs. of nitrate of sodium. . 

The insults plainly show that the 'oat-plant« like other graminaceous crops, is unable 
to supply jtself from the natural rosources of the soil and atmosphere wii^ AU 
Of nitro^n sufficient to produce a full crop, even when abunmatly ^’*5 

ash eonstituents. The best result in the experiments is obtained where hitrogei^ ftoc 
eiaeveal manures are applied together. ^ ^ . 

The ef^t of the above manures on the composition of riie crop ^ 

isg tabl^ which shows that the dry matter in the com Is pracUc^ly not at *7 
mannripg, while in the straw the dry matter ici Ulittle lower in the mow 
The aiimht of dry matter is, however, <Km$kimbly affinstiSd i^W 
"“ntest ifi the straw. Ths percenGsgtPof ash in the 


vnriatj^ by mannriiqf, but the variatidtt'tt not sd mufjh 
ash opnsMtaehl^ to the plaot with the tfelght per 
gl^n is best develop^, qiul 


. >sh^ is at a: nrihuhum; ihd the^ ^ 
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Vereeniagt Composition of OaUwm variously manured. 



Dry matter 

■ Ashln dxy 

Nitrogen in dry 


Highest 

Lowest 

Mean 

Highest 

Lowest 

Mean 

Highest 

Lowest 

Mean 

Vo manure 

86*1 

81*6 

84*1 

4*75 

3*86 

4*29 

__ 




86*4 

81*7 

84*1 

4*51 

3*69 

4*07 

2*13 

1*47 

1*85 

Ammonium salts . 

mmmi 

82*2 

84-7 

3*69 

3*22 

.3*50 





Xitrnto of sodium . 

86*5 

80*9 

84*2 

4*01 

3*42 






Ammonium salts ) 
nnrl cinereals. ( 


82*7 

84*7 

3*51 


3*32 

2*34 

1*83 


Vitrato of sodium) 
and cinereals. ) 

86*4 

82*8 

84*0 

3*81 

3*30 

3-62 

2*35 

1*83 

2*10 

Verceniage Composition of Oat-straw \ 

variousiy manured. 



No manure • 

82-4 

77*8 

ffiW 

11*54 

8*03 



— 


Cinereal manure . 

83*1 

78*1 



7*68 


mtniM 

*326 

•461 

Ammonium salts 

82*3 

77*8 

Htgll 

9*88 

7*69 

8*73 

— 

[ 


Nitrate of sodium . 

82*8 

76*6 

79*5 

8*21 

6*57 

7-30 







Ammonium salts ) 
and cinereals. { 

82*6 

75*3 

79*4 


7'38 

8*64 

*574 

*344 

.481 

Nitrate of sodium) 
and cinereals. ) ' 

82-7 

76*0 

79*1 

8*44 

6*68 

7*57 

•674 

*356 

*504 


gravity is lowest, and the proportion of husk greatest, tlio ash roaches its maximum'. 
In the straw the percentage of ash varies even more than in the corn. The supply or 
non-supply of ash constituents has hero clearly some ciTect on the result, especially in 
seasons of defective ripening, as soon in the column of highest percentages ; but in 
favourable seasons the percentago is mainly affected by the bulk of the crop, the heavier 
crops containing least ash. The straw manured with nitrato of sodium contains dis- 
tinctly less ash than that manured with sulphate and chloride of ammonium. The 
percentage of nitrogen both in grain and straw is but little affocted by its supply, the 
effect of season is far more considerable ; nitrogen is lowest in both grain and straw 
in seasons of favourable ripening, and high when ripening is incomplete. 

An average oat-crop of 45 bushels of grain, at 42 lbs. per bushel, and 2835 lbs. of 
straw (3 of straw to 2 of grain), will remove from tbo laud in lbs. per acre about tlie 
following quantities ; — 



Nitrogen 

K»0 

Na*0 

CaO 

MgO 

Fe»0“ 

P“0» 

BO" 

Cl 

6iO« 

Total 

ash 

Grain . 

87-8 

8*5 

1*4 

20 

3*0 

*4 

11*8 

•8 



24*8 

54*3 

Stxaw 

14*2 

gjg 

m 

9*8 

5*3 

2*1 

7*1 

f8 

6*6 

69*3 

139*7 

total 

52*0 

38*1 

7-3 

11*8 

■ 

2*5 

■ 

$•6 

6*6 

94*1 

194*0 


B. W. 


OBO&m. Analyses of Oholus shells firam the lower Silurian sandstone of Esth- 
land have been! made by A. Kup^ffer {Jdhresh f Chem, 1870, 1337); they consist, 
mainly eff a ilucirapatite, having the composition CaF*.8CaP®0®. 

OOtfAirBt 0®H». Ootyl Hydride, Normal Octane, or dibutyl, prepared by tlie 
Action of sbdium'On nownal butyl iodide, obtained by Lioben a. Bossi’s process from 
l>tttyric aeid, boils at 1 23^-1 25^ and has a specific gravity of 0*7032 at 17®. It ap- 
P®ap 8, thetefiftCi & be identical with the octane obtained from mothyl-liexyl carbinol 
aod from isahift fhafc whioh Sndice obtained from primary octyl alcohol 

(i*«%>pfc877V. 


OOC4 


ointoMZinic«ooi0Oirii3>8i See 
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OOTAVO^-TSVAAMOXPiinra. Seo Mokfhiich (p. 823). 

OCrrflmv 07 0,CTT&iariI-COMPOinnB.— The ohlorhydrin, G"Hio(OH)CI,i8 
fprmod treating octeoe with aqueous hypochlorous acid not containizig more than 076 
p.c. HCIO. The product freed from uiialtorod octyleno by heating it to 125^ and passing 
a rapid stream of carbonic anhydride through i^ is a mobile slightly yellowish liquid) 
having a camphorous odour and burning taste, insoluble in water, but soluble in ether 
and in alcohol, decomposed by boiling. Sp. gr. » 1‘003 at 0^, and 0-087 at 31^ 
Heated to 180*^ in a digestion-tube with sticks of potash and ii little water, it yields a 
liquid which boils at 146®, has a specific gravity of 0’831 at 15®, and yields by analysis 
72’9 p.c. carbon and 11*7 hydrogen. Now octono oxide, C®H*"0, requires 75*0 C. and 
12'6 H., whereas heptono oxide, requires 73-7 C. and 12-3 H. Probably, 

therefore, the product consisted mainly of heptono oxide, resulting from the oxidising 
action of the hypochlorous acid on the octono chlorhydrin. When octeno was treated 
with a 2 to 3 p.c. solution of hypochlorous add, no octene chlorhydrin was obtained, 
the hypochlorous acid in the more concentriited state exerting an oxidising as well as 
a substituting action. The product yielded, by fractional disLiUation, a liquid boiling 
at 206°-208®, and having the composition of hoptene-chlorhydrin, C^H*^(OH)Cl. Tlio 
portion boiling above 208® contained a still larger proportion of chlorine (P. do Cler- 
mont, BuU. Soc, Chim. [2], xiii. 404). 

Octene glycol, C*H**(HO)^ boiled for ten hours with nitric acid containing rather 
more than 4H®0 to each ^*0', yields a solution of oxalic acid on which there floats an 
oil containing, besides unattackocl octono glycol, . -in acid which'romains liquid at —10'^. 
A barium salt prepared from it contained 22-05 p.c. mrtal, and. could not therefore be 
either a suberato or a aipiylnto. In another oxidation not carried quite so for, a solid 
czystallino acid was formed, the barium salt of which contained from 38‘8 to 38'7 
p.c. metal (P. do Clermont, loe. cit.) 

OOTaTBTab-BXLZClC BTBSa. Seo Silicic Etjiebs. 


OCTTB ABOOBOBSf G”H*”0. Primary iso-octyl .alcohol or isoheptyl carbinol, 
obtained by Zincko from the volatile oil of the seeds of Hcracleum sphondylium 
Suppl, 878), may also be obtained from the oil of Herackum giganicunit whieli contains 
the corresponding acotic ether (Franchimont a. Ziucke, VcuU CJiem. Gea, Ber, iv. 420). 

Secondary Octgl Alcohol or Methyl-hexyl Carbinol ^ | CHOH, is produced, to- 

gether with methyl-hoxyl ketone, by distilling sodium ricinoleate with excm of alka- 
line hydrate; and Nelson has lately shown, by a very careful investigation, that those 
are the solo products of tho reaction (Chem, hfc. J. [2], xii. 837-851). The alcohol, 
when purified from the ketone as completely as possiblo, boils, according to Schorlom- 
mor^s latest determination, at 177®-! 78® {Chem. Sac. J, [2], xii. 1020). Former deter- 
minations gave 181®, but Schorlemmer regards the recont determination as the more 
tmstwortliy,. first because the puro alcohol had been prepared from a larger quantity 
of material, and secondly, because it appiears to be a general law that a normal second- 
ary alcohol containing the group — CHOH — OH", boils at the same temperature as 
the normal primary alcohol which contains 1 atom of carbon less. This may be seen 
from the following table, including only such alcohols as havq been most minutely 

Bolllns-point Boilbig-pcAnt 

CWtt'.OH . . 97®-98® CWOH.CH* . 96®^-08® 

0»H»>.OH . , 187® C»H’»(OH).CH> . 136® 

C»H»».oS • . 115-6®-177*6® 0»H>*(OH).CH» . 177°-178®, 

OflTBJrTKOBf or ^ABTBTBZO AWBBTBB, C'H>«0. 

ijZeitsehr, /. Chem, v5. 74) prepares this aldehyde by distilling half a 
castor-oSl i|i a 2^-litre vessel over a gas fiame till the moss just begins tp froth up. Tm 
distillation^vesmis then emptied, again charged with ^^lifre of the previously vnirmvi 
oil, and this operation is repeated till 10 kilQ^ains of materiU hate bcefi treaieo. 


Tho products consist of 1-27 kilograms of purified mnanthol, 50 | 
mnanthol, to be purified by combination with sodium blsu}phlte> 


oily bye-products. The viscid! sp 
"by gentle heating, and uitii 


acrolein, and d quantity 
filiation may be 
without residue* 
frothing, 

abaction «rfifc---Willmnu»n, ty 

th^gh an al^hoUc splutlpn of manthol, and 


„pMesspui« 
100 gPBffl? « 
residue of thedi^ 
^distflledAlin^ 
the 
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tsined an oily liquid which he rognided as oenauthylic ether, C®H*.0*II“0* ftr. 178). 
Schiff. on the other hand {Zeitschr. f. Clum, vi. 74), finds that the chief product it 
this reaction is hoptene-chlorethylin, or hepteno-methyl chloride, C’H** 

joC*H»* compound is a light oil insoluble in water, easily soluble in alcohol 

and other, gradually decomposed by contact with warm water. It could not bo obtained 
pure, as it is completely decomposed by distillation. The decomposition, which is veiy 
complicated, may, according to Schiff, be approximately represented by tlie following . 
oquAtions : — 

2C’H“(OC*H*)Cl - C’H‘ + C»H*C1« + 2H«0 + C'*H“ ... (1) 

C»H»(OC*n‘‘)Cl » C*H* + H*0 + HCl + C»H'= ... (2) 

3, 4 . . «C-H« = (C'H»)* . . (3) 

(C'H**)' « (n-2)C»H» + ^ 4 ) 

If the first distillation be interrupted at 320^ there remains a brown viscid residue 
consisting of hydrocarlwns, C**H**-*“, and othcr8,whicli residue, when lieatod, is resolved, 
:is indicated by equation (4), into bodies of relatively lower boiling point. Hence, by 
continually separating from tho resulting distillates the portions which go over below 
320°, and again distilling the residues, tho relative quantity of tho lower-boiling 
hydrocarbons udll continually inere;iso at tho expense of those of higher-boiling point. 
From a product thus obtained, tho following compounds were isolated by repeated 
finctiormtion : (1.) Heptenc, from fractions 90°'1()0°; (2.) a yellow oil, 

from fractions 245®-260°; (3.) a very viscid oil, having the consistence of 

turpentine in tho cold, from fractions 320°-330° ; (4.) a pitch, C'*H**, ns residue of 
tho distillation when carried on to 350^. The formulas assigned to these bodies are 
supported by closely agreeing analyses. Tho four boclie.s just mentioned constitute, 
however, only tho smallest portion of tho entire product of tho decomposition, the 
principil portion consisting of mixtures which could not be separated into definite 
products. 

Tho product of tho>!rs^ distillation of the hepteno-clilorethylin contains an aldehydic 
body boiling at 240^, the separation of which succeeds only when tho product is dis- 
tilled by itself. It slightly reduces ammoniacal silver nitrate on boiling, and unites 
with sodium bisulphito to a scarcely ciystallino mass. Its analysis gave numbers 
which agreed with the formula : 

C«IJ«0 * 2C*H»910 - (C»H«Cl* + H«0); 

considering, however, the imperfect purity of tlie substance, the result might also be . 
represented by tho formula : 

. « 2C'H“0 - H*0 

which requires the same amount of carbon and 1 p.c. less hydrogen (Schiff). 

(Enantliol, treated in the cold with solid potassium hydrate, is converted into two 
polymeric modifications, one a crystalline solid, the other an oily liquid. Both jield, 
un distillation, ocnanthol and condensation-products formed from it by abstraction of 
watei* (Borodin, Deut, Chan. Ges. JBcr, v. 480). 

Cnr^UTTHTliXO Acn>, C»H”0* = C«H».CO=II. This acid, first obtained by 
Tilley in 1841 by oxidising castor^oil with nitric acid, is also produced by oxidation 
of mnanthol with nitric acid or with chromic acid; by the oxidising action of nitrio 
iicid on oleic acid and on Chinese wax ; by that of chromic acid on heptylic alcohol 
from heptane ; and by the action of potash oncenanthol (iv. 177). The boiling-points 
of the acid obtained by[ these several processes havo been variously stated at 212°- 
222°. Tilley’s acid, which boiled at 148°, was doubtless impure. Franchimont (Jnn, 
pm converting hexvl alcohol from hcracloum oil into the nitril, 

and decomposing this compouna with cai^stic potash, obtained a heptylic or 
(Bcanthylic acid, wmrii boiled at 223°-224°, tho whole column of mercuiy being in the 
vapour. 

To obtain more precise data as to tho identity or diversity of the adds from^ those 
BCTeral sources, a nv^er examination of oenauthylic acid produced by oxidation of 
®nanthol has been made by Grimshaw a. Schorlemmer (C^em. S^. [2], xi. lOW). 

lo prepare the ooid, 800 grams of mnanthol from castor-oil, boiling at 160°-160°^ 

* paroi but atill containing aome acrolein and other products— was gr^ualy 

to a warm solution of 800 grams of potassium dichromato, 400 ralphuric aci^ 
JJc 000 water, After the action was over the flask was conncctoil with a reversed 
®°Weaser, gad tbe liquid boiled for some hours. After coding, the two leyen of 
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liquid were separate^ the lower one, containing some cenanthylic acid in solution, 
distilled, and the distillate saturated with k>dH. The upper layer was well shakon 
with caustic soda, to remove chromic oxide, and the solution of the sodium salt ovapo- 
rated. On adding sulphuric acid to the concentrated liquid, oenanthylic acid separated 
out as an oily layer, which was washed with water and dried over phosphorus pent- 
oxide. 

The acid thus obtained contains some acrylic acid, and begins therefore to boil a 
little above 140^ ; the boiling point soon rises to 200*’, and then more slowly to 230°; 
at the same time tho liquid bl&ckens, and a dark residue is loft in the flask. On tec’ 
tifying the higlior-Loiling portion, it again leaves a dark residue, and water is formed; 
tho distillates must therefore be dried over phosphorus pentoxido, and the fmctional 
distillation continued, until tho acid has a constant boiling point, docs not act any 
longer on phosphorus pentoxidc, and volatilises witliout leaving a residue. 

Properties . mnanthylic acid is a limpid, oily liquid, boiling under a pressure 
of 703 mm. at ■223®-224®. The cold acid has a faint smell, like that of tallow, 
but on heating, it becomes unpleasantly sour and pungent. In a freezing mixture it 
soon solidifies to plates, or largo broad nocdlbs. It molts and solidifies at -]0‘5° 
Franchimont’s hoptylic acid molted at — 8*’, but he adds that, from repeated experi- 
ments, tho melting point seemed to bo two degrees lower. Schorloinmer's heptylic acid 
from heptane did not solidify in a freezing mixture ; but ns tlio hopbine from which it 
was prepared had to be separated by fractional distillation from nn isomcridc boiling 
at 7° lower, and from an octano boiling about 17“ higher, it probably still rebiincd 
some of these hydrocarbons, and would yiold an licptylic acid contaminated with tho 
corresponding acids. 

The specific gravity of mnnnthylic acid, compared with water at 4°, is 0'9350 at 0°, 
0'9!288 at 0°, and 0 9235 at 28° ; that of heptylic acid at 24° is 0'0212. 

Ethyl (Enanthylatc^ prepanxl by mixing equal volumes of the acid 

and absolute alcohol with half a volume of strong sulphuric acid, and purified by 
washing with water and dilute soda-solution, drying over calcium chloride and finally 
over phosphorus pentoxidc, and fractional distillation, boils at 187“-188°, witli the 
whole mercurial column immersed in the vapour. It has a specific gravity of 0'8735, 
and does not solidify at 20°. Ethyl lioptylato boils at about tho same temperature, 
has a specific gravity of 0*874, and does not solidify at — 18°. * 

MetiJllo CBnantliylatea. The poiassiu7n salt was obtained only as a tmns- 
pnront jelly. The sodium suit crystallises by slow cooling in slender ramified needles ; 
from a strong solution quickly cooled it soparates in a golatinous mass in which distinct 
needles may bo recognised by tho microscope. Sodium hoptylato from Franchiniont’s 
acid possesses similar properties. 

Barium (Enanthylate, Ba(C’H’®0*)*, crysUiIlisos in thin plntos or flat needles, 1700 
grams of which dissolve in 100 c.c. of water. Tho barium sjilt of tho acid from hep- 
tane lias very similar ivopertios : 100 c.c. of W’ater dissolve 1*744 grams of it. TIjo 
b^um salt of Franchimont’s acid also crystallises in anhydrous thin plates ; its solu* 
biiity was not determined. 


Ckdeium (Enanthyl^i Ca(C'H*®0®)* + H-0, forms very thin, flat, fascicular noodles 
which dry up to a silky mass. } 00 g.c. of its solution saturated at 8*5“ contain 017 
gram (^O. The calcium salts of the acid from heptane and from Franchimont’sacid 
exhibit similar. properties and composition; 100 c.c. of the solution of the former con- 
tain also 0'17 gram OaO. 

Ztfic (Enanthylatet Zn(C^H**0*)*, obtained by adding zinc sulphate to the sodium 
saltt ani crystallising the. dried precipitate from absolute alcohol, separa-tes in small 
noodles or short four-sided prisms, accordingly as tho solution is coolbd quickly or 


s^otrly. 

The crystals, which contain neither alcohol nor water, melt at 130® and decomjposo 
fit higher temperatures. Fimndiimopt’s sine hoptylate crystallises also in short pnsms 
melting at 181®-132® ; they contain, however, 2 molecules of alcohok 
lead OSiWiUhiflaU, Pb(0»H‘*O«)«, is « hesvv ptecifitato not very freely 
boiling water, but it m^be ciystallised therefrom, and is thus obtained in tnin»f^< > 
irideroent, rhombic prisms, or in stellate groups of flat needles. The precipita^ 
softens at 79®-80®, and melts to a transparent liquid at 90®. The (Wys^U^^ 
begins to soften at 88®, liquefies completely at.94®-0fl®, and resolidifies * 

JxBd hoptylate Is a similar salt, molting, according to IFranchimont, at r . ^ 

. (jopper (EkanthylatSi Cu(0’H**0*)*, falls down as a soft 
SiUlphate to a 8<flution. of the sodium salt, but on atanding the 
gtonulari It is quite insoluble in 'lxnliog water, Imt Asapltos 
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alcohol, and is obtained by spontaneous evaporation in green silky needles, or short 

piismSt , 

The copper Mlt of the acid from heptane, and Francliimont’s copper hoptylato, are 
similar precipitates. Tho^ former could not, however, be obtained in crystals, but 
Goparated from the alcoholic solution as a liquid, drying up to an amorphous mass. 
]^anchimont's copper hopty late also is first obtained in drops, which afterwards solidify 
to groups of short prisms. 

SUver (EnanthylatCf AgC“fl”0*, is a white precipitate, crystallising from boiling 
■nrjiter, in which it is but sparingly soluble, in small, woolly needles. 

From the facts above detailod it appears most probable that the hoptylic acid pre- 
pared from heptane is identical with ccnantiiylic acid from castor-oil, the barium and 
calcinm salts of the two acids having tlie same properties, composition, and solubility. 
Jlcplylic acid prepared by Franchimont's method also b(;ars the greatest resemblance 
to ceuanthylic acid, only the coiiper and zinc salts exhibiting slight differences. Whe- 
ther tlieso are cssontia.! or not, can be decided only by preparing the salts under 
exactly the same conditions, and comparing them directly with each other. 

There can be no doubt tliat omaiitliylic aicid and heptylic acid are both normal com- 
pounds ; this, however, does not imply that they are really identical. It is not only 
possible, but even very j)robnblo, that the hexyl alcohol from hcrucleum oil, as well SB 
tho heptylic acid obtained from it, arc optically active, while ocnantliylic acid probably 
docs not possess this property. 

OI&Si On tha Spectra of Fixed Oilst seo J. Miillcr (DingL poU J. cxcviii. 629; 
Jahresh.f Chem. 1870, 176). 

Oil t/ie Testing of Fixed Oils: Fliickiger (Arch, Pharin. [2], cxliv. 120; Jahresb, 
1 S70, 1049); II. laidwig (Arch. Phanu. [3], i. 1-33). 

()a the Valuation of Oil-seeds: II. Void (Bin^. poL J. cc. 110, 236; Jahresb, 
1871, 1097; Chem. Soc. J, [2], ix. 761, 960). 

On the Quantity and Composition of Fixed Oils t» Various Sceds^ boo Fat (p. 606 
of this volume). 

On the Specific Oravitice and Expansion-Coejficients of Fixed Oils : Stillwell (American 
Chemist [2], i. 407 ; Jal^resb. 1871 > 109). 

On the Ileactions qf Fixed Oils with Sulphuric Acid: Cl. P. Clarke (Chetn. News, 
xxiii. 116). 

On the Properties qf Prying Oils : Sq/^q (Compt. rend. Ixxiii. 1274; Chem. Soc. J, 
[•2], X. 183). 

^ On the Boiling of Prying Oils for the preparation of Varnish: C. W, Vincent (Chem. 
Kews, xxiii. 197, 207). 

OILS VOKATZliB or BSflBNTXABi The essential oils of plants consist 
for the most part of mixtures of hydrocfirbons with oxidised constituents, tho latter 
hoiiig sometimes products of the direct oxidation of the hydrocarbon, in which case 
they are usually viscid resins, while in other cases tho relation between the two 
constituents of tho oil is not'flpparcnt. 

Hydrocarbons (Gladstone, Chem. Soc. J, [2], x. i\*-The specific gravities, 
boiling points, and optical properties of several of these nydrocarbons, -were deter- 
mined liy Gladstone in 1864, and are f^ven 19 the table on p. 188, vol. iv. of this l)ic- 
tiomiry. GLadstono now proposes to distinguish tliem by the following names : 

Hydrocarbon from Bay . Laurylcne. 

„ „ Calamus Calamene. 

„ „ Dill . . . . ... Anetheno. 

II „ Elder Sambucene. 

It „ Eucalyptus amygdoliua . • . Eucalypteno, 

II „ Myrtlou . . , . . ■ . ’ Myrtono. 

II „ Nutmeg . . . . • . ' Myristiceno. 

II . I, Rosewood Rhodiene. 

polymeric Tho hydrocarbons from essential oils may bo arranged in thiw 

polymeric groups having tho. formula C*"H»*, C>»H“, C*»H« ; the. first comprising the 
great mass of these hydrocarbons— turpentine, orange, caraway, nutmeg, amse, thyme, 
*''yrtle, aiid twenty others ; the second, those derived from cloves, rosewood, cubew, 
CHlanius, cascarilla, and patchouli; whilo the third group is represented only by 
olopheno, It is probable; howerer, that paracajputeue lielongs to this last group, 
wo that pQjj^ of tbo BUbstoces named colbphone, obtained various souicos, are 
ot identical, bub only ifiomeric, with coloj^one from turpentine. 
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These groups are distln^lshod &om one another by sereral properties, especiallT 
by the vapour-density of the hydrocarbons belonging to them, that of the first beine 
nearly equal to, though generally a little above, the theoretical density for vi^ 

4 '71- Among the bodies of the second group, which should have theorotical density 
7*06, cedrene was found by Walter to nave a vapour-density of 7'6, and the hydro- 
carbons from calamus and patchouli have, according to Gladstone's determinations, 
the vapour-densities 6‘80 and 7*2 respectively. The experimental vapour-density 
given in Gmelin’s Handbook for colophene exceeds that which would be required br 
the formula ^ ^ 

The following table gives a general view of the properties and reactions of the hydro- 
carbons of the three groups — 




16- Carbon group 

20-Carbon group 

Formula .... 




VapouT-donsity . 

4-7 

7-1 

— 

Character of liquid 

limpid 

viscid 

more viscid 

Specific gravity at 0° . 

0*846-0*880 

0*904 0*027 

0*939 

Refractive index for A, at) 
20® . . . ( 

1-457-1-467 1 

1-488-1-497 1 


Dispersion .... 

about 0*027 

about 0*020 


Sensitiveness ... 

about 48 

about 43 

41 

Boiling point . , 

160®-176® 

249®-260® 

316 

Action of sulphuric acid 

polymerises 

doubtful 

none 

Solubility in aqueous ul-> 
cohol * • • . $ 

freely 8oluble| 

sparingly 1 1 
soluble ' i 

insoluble 

Combination with HCl. | 

C>®H«.2HCI 

and 

C*®H»*HCL ■ 

C>»H«.HC1 ’ 
and in 
smaller pro- 
portions 

very small 
quantity 


There is no difference in specific refractive energy between the several groups. The 
various members of the 10- and 10-carbon groups have pow-orful odours and rotate the 
plane of polarisation strongly, sometimes in one direction, sometimes in the other. 


Oils contaxmiko Oxyoxn* 


on 

Specific 

gravity 

at 

20® 

Boiling point 

Bofmo- 
Uve 
Index 
A, at 20® 

Disper- 

sion 

li 

r 

Spoclfio 

refnctlTe 

energy 

Circular 

polari- 

sation* 

Citronellol, Penang 




1*4663 

0*0251 

50 





0*875 


1*4594 

0*0262 

46 


— 13 

Absinthol . 




1*4543 

0-0243 

43 

0*4008 

-fl84 

Cueputol, from the' 
leaves of MdaUuca 


n 


1-4632 

0*0213 

45 


- 2? 

UuGOdendr<m . 
MddUuea eridfdia 



173 

1*4560 

m 

48 


+ 80 

MdaUma linatifdui 


0*8985 

173 

1*4651 


46 

— 

+ 11 

JE^ealyptus oleosa 



171-176 

1*4568 

0*0227 

44 

Befmcllre 

+ 10 



■ 





eantToleiit 

- 

Carirol 


r r 1 

227 

1*4880 


46 

61-2.0 

•h 145 
+ 108® 
-103^ 
-lii® 
+ 31® 

Dill carrol • 



— 

1*4801 


45 

51*15 

* Henthol I. • 



225 

1*4830 

0*0826 

44 

50*86 . 

Menthol 11. . 




1*4701 

0*0311 

42 

51*00 

Myristiool . «' 

Oil of Hose • 



224 , 

1-4848 

0*0812 

46 

61-31 



216 

1*4647 

rjjivyj 

47 


m 

Indian geranium 




1*4602 

Qggi 

50 

Bi 

. „ Atherosperma 
moschatum. 

! 



1*5143 


46 

H 

„ Isgn aloes • 


640 


1*4601 

0-0280 

. . 

BH 



Mttthol L was by, dlstqiotlon i ^ InW ^ 

bjdwiiia 
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TMng of Volatile On tho mode of distinguishing volatilo oils one from the 

other by mixing them 'with strong sulphuric acid, or vith sulphuric acid and carbon 
Bulphide, whereby mixtures are produced varying in colour and transparency, see Hager 
tzktschr. anal, Chem, 1870, 634); Fliickiger {^Areh, Pharm, [2], cxliv. 144; also 
Jahrcisb.f. Chem, 1870, 1048). Hager finds that many of tho xnoro oxponsivo oils are 
adulterated with sassafnis-oil, which addition may easily be detected by the cherry- 
rod colour produced on diluting the sulphuric acid mixture with alcohol. 

To detect oil of turpentine in other essential oils, Zeller some years ago proposed 
the use of alcohol, the slight solubility of turpentine* oil in that liquid giving rise to a 
turbidity in the mixture. This test has hitherto been regarded by many who have 
tried it os applicable only when tho turpentine is present in considerable quantity ; 
but, according to Dragendorff {N, Rep. Pharm, xxii. 1 ), this want of delicacy arises from 
the use of alcohol in an undiluted state; for when tlio oil to be examined is miscible 
in all proportions with absolute alcohol, it forms math this liquid a mixture capable of 
dissolving a very considerable proportion of oil of turpentine. If, however, tho alcohol 
bo diluted until 2-4 volumes of it are required to dissolve 1 volume of tho oil, it will 
be found that tho presence of a small quantity of turpentine is indicated by tho 
decreased solubility of the adulterated oil in tho diluted alcohol. 

To determine tho solubility of an oil in alcohol, 2 c.c, of it aro placed in a stoppered 
bottle, and the alcohol is CTadually added from a buretto, tho mixture being well 
shaken after each addition. The termination of tho experiment is known by the liquid 
becoming clear. A suspected sample being now similarly treated, it will bo found that, 
if turpentine bo present, a larger proportion of alcohol will be required. 

In testing essential oils for turpentine by means of alcoliol, it must bo borne in mind 
that somo other oils, sucli as those of juniper, savin, eucalyptus, and copaiba are but 
slightly soluble in dilute alcohol, and that they may, when mixed with other oils, givo 
rise to appefiranccs similar to those produced by oil of turpentine. Moreover, in some 
OAsos changes take placo in oils which have been kept for a long time, and these must 
be considered in applying the alcohol' tost for turpentine. 

For tho details concerning each individual oil we must refer to the original paper, 
which also contains a table showing tho solubility of turpontinc-oil from various sources 
in spirit of various degrees of concentration. 

For tho detection of alcohol in essential oils, Hager {Chem, Centr, 1871, 821) 
adds to tho oil a piece of solid tannin, which becomes moist and slimy if any spirit is 
present. 

For the estimation of tho alcohol, Bdttger {ibid, 1872, 742) agitates tho Oil in a 
graduated tube with an equal volume of pure glyconn. On loa^ing tho liquid to 
sepimto, the increase in uie volume of the glycerin indicates the amount of alcohol 
present. 

Essential oils, prepared by distillation with water, often retain some of that 
liquid oven when they appear quite clear. Tho water may bo dotecicd by mixing the 
oil, with several times its volume of petroleum ether (tho so-callod benzin), whereby 
a turbidity is produced, owing to the separation of globules of W’atcr (G-. Leuchs, J, pr. 
Clmn, [2], vi. 160). 

OKBFIirBfl. On tlie Production of Olefines from Famffin by Distillation under 
Pressure, see Fabaffik. 

OUbawoM. By distilling this gum-rcsin with water in a cast-iron retort, an 
oil is obtained constituting about 7 p.c. of tho resin taken; alcohol extracts from tho 
residue about 72 p.c. of resin, and the remainder is gum. Tho crude oily distillate 
boils between 160*^ and 170°, and contains oxygen, as Stonhouse previously observed 
(iv. 198). By fractional distillation a hydrocarbon, olibono, boiling at 166°-168°, 
of turpentine-like odour> and ep. gr. 0'663 at 12°, is obtained, togetJier "with a small 
quantity of an oxidised substance boiling above 176®, and not yielding a hydrocarbon 
^hen treated with sodium. Olibene is soluble in alcohol and in other, and is rosinised 
by nitric acid ; it absorbs 1 mol. of hydrogen chloride, giving, on standing, a crystal* 
camphor-like body, C*®H**.HC1, which melts at 127®. 

The resin, exhausted as above by alcohol, melts readily, and yields by dry distiUa- 
taou traces of an organic odd and an oil which boils above 360®, and contains loss 
®*ygen than tlie resin itself (Kurbalow, ZeUecht,/, Chem, [2], vii. 201). 

O&XOOOliABB. See Phufaii (pp. 520J514). 

O&xva-on. This oil in its natural state contains in solution aprellowish snb- 
^’jeo which, when the oil is treated with acids or with caustic soda, gives nse to tlis 
^ell-kiiown greenish coloration, By exposure to sunshine this colmmng matter is 
CBsentially alttted, tho oil hoisg thereby ueoolorised and no longer exhibiting a green* 
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ish colour when treated with the reagents above mentioned. Moreover, other chanMg 
take place at the same time in the constituents of the oil, the olein in particular bel^ 
greatly altered, and acquiring the fundamental property of eldidin^ namely, tiiat 
of not solidifying in contact with nitrate of mercury mixed with nitrous products. 
At the same time free acids are formed, and the oil acquires a rancid taste and 
odour. 

From those results it appears that the method suggested by some authors of dig. 
tinguishing olive-oil from other oils by 'moans of sulphuric «icid, oiustic sodn, and 
nitrate of mercury, can be depended upon only when the oil is in its natural not 
altered by exposure to sunshine (L. Moschini, Gazztita chimica italianat i. 580). * 

On the detection of Earthnut'ml in Olive-oil, see p. 443. 

OMVMr. The olivin of the Fallas meteoric iron has been examined by N. v. 
Kokscliarow {JaJurb, /. Mineraloaie, 1870, 778), vr lio, in addition to the forms discovered 
by G. Rose, has observed the following JF, AF, Jpoo , ^Fco , and Fao , which, 

excepting the last two, are now for olivin. Numerous nionsun'mciits gave, for iho 
ratio of principal axis, macrodin goual and bracliydiagonal, 1 '25928 : 2*14700 : 1. An 
examination of thin sections showed that the channels ohsorved by G. Rose are empti-, 
and run pirallel to the principal axis. An analysis by N. v. Leuchtenberg gave: - 

BiO* SnO* MjrO FcO MnO A1»0> S„. 

40-24 0-08 47-41 11*80 0'29 006 = 99'88 3*3398 

The following analyses by Philipp of the olivin in the olivin-rock of tlio Dreisrr 
Wqphor Basalt, in the Eifcl, is given by Rammolsborg (Zeitschr, gcoh Gescllschs. \\ 
899) : — 

SiO» MjrO FcO Sp. gi-. 

41-25 48-85 9*90 1000 3-36 

The analysis gives Fo ! Mg « l-Q. 

The olivin-rock above mentioned has been analysed by Rammelsbcrg witli the fol- 
lowing results : A. Decomposible portion ; B. iindccomposible ; C. The decomposiblo 
portion calculated to 1 00 parte. 



SiO' 

AFO*, Cr*0’ MgO 

CaO 

FcO 

Cliromo- 


A. . 

B. . 

C. . 

27-41 

15-67 

40-02 

-1 34-24 

1-74 8-35 

— 49*98 

trace 

2*29 

trace 

6-85 

1*74 

10-00 

iron 

1-00 

= 68-60 ?on.io 

= 30-69 
« 100 


The numbers in C, compared with those intthe analysis of olivin above given, show 
tliat the latter only is decomposed by acids, while the aiigitic substance, as shown hy 
the mere tfhco of CaO, is scarcely attacked. 

Kraubat, in Upper Styria, is mentioned by R. v, Drascho (Min. Mitth. 1871, 57) .is 
a new locality of olivin rock. 

F. Sjindbcrgep (Jahrh.f. Mincralogie, 1871, 622) mentions apatite as a hitlierto 
overlooked constituent of olivin rock. In the rock of Lherz, A. Hilgor found 0'096 to 
0-112 p.c. F*0*. Traces of cobalt were also found in it. 

An elaborate investigation erf numerons cmals has boon made by H. Beh- 
rens (Wim. Acad. Her, 2te. Abth. Ixiv. 519; Jahrb, J\ Mineralogies 1872, 316). The 
following minerals occur as admixtures with the opal muss; hydrophano (recognisable 
by impregnation with colouring matters), quartz, ferric oxide and hydrate, nontronite, 
green earth, serpentine, arsenic sulphide, and lime. Organic matter occurs but rarely 
and in small quantity. 

. Opals may be distinguished, according to their microscopic structure, as homo- 
geneous and mixed opals. To the former belong fire-opal, glass-opal, noble opftlf 
and hyalite ; the latter sometimes exhibits an irregular, mostly stratified, occasionally 
also an oolitic structure, due in some cases to concretions of tridymite. The play 
of obloun is attributed by Behrens to their reflecting lamellee, which appear to have 
been originally imbedded horizontally in the still soft opal maw, but a^vvaids to 
have become fissured and notched dunng the irregular desiccatloU of the mass. That, 
an unequal contraction has taken place » shown the strong double refwtion. All 
noble opals are biaxialv The horizontal^ arranged cavities to -which Brewster ascribed 
the play of colours, Behrens was unable to detect. . . 

. “An opal fronii Wnddela plain, Abyssinia, has been anaiysed by Maskelyne a. Flight 
(Cheni* Soe, J, 12], izii 2). It is of a dark smoky green colour, with occasioiml 143?^* 
of white opal, Bke the prase-opal of Faroe, weawer^ on the exterioTi eud 
intoyelloerish^iwhito ca^long: v ^ ^ 
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HO" H*0 Fe“C? Mti=0* CaO MgO 

BOl, iiisol. 

90-562 2-040 5*666 0*933 traco 0 137 0*311 = 99'648 

Most, if uot. all, of the water, is given off at 100*^. 

Opal from S. Kero in Elba is described by Gl. vom Ilatli {2^tschr. qchL Gcselhch. 
xxii. 643). It occurs in flat lumps collocted in veins in a disintegrated sorpentino 
buTficrijig on grniiito. The fresh nearly colourless opal has a sp. gr. of 1*090 (at 21°), 
and loses 9*48 p.c. by ignition. After ignition its sp. gr. is 1-815. No microscopic 
tridymito was found in it. Black apal containing garnet, like that of Mcronit;! in 
llohomiH, also occurs in loose blocks at S. Piero. Sp. gr. before ignition, 2*062 (at 
21°) ; afl®^ ignition, 1*953. liOss hy ignition, 6*36. 


OPXAXrXC ACXDf I3y the action of snlphiiric acid upon opiauic acid, 

Anderson, in 1855, obtiined ii colouring matter which yielded with alumina and iron 
monlnnts, colours like those of madder, and was regarded by him as probably identical 
with alizarin (Chem. Soc. Qu. J. viii. 277). This colouring ran tier Jias been further 
investigated by Inebormann a. Chojimcki {JDciit. Chc7n. Cres. Bcr. iv. 194). To prepare 
it, opianic .acid is heated to 180° with 30 times its u-ciglit of strong sulphuric acid, 
wh(!r(jupon the liquid l)ceomc.s violcL-rcd. On pouring the cooled mass into water, the 
impure colouring matter seii.irates in black Hocks, whicli may bo obbiined of yellow- 
brown colour by repeated solution in caustic soda, filtration, and precipitation with 
iicid. By dissolving them in ether and evaporating, yellowish-rod crusts are obtained, 
wliii’h may bo purified by several repetitions of the entire process. 

This colouring matter distilled with zinc-dust yields a colourless sublimate which 
has not boon analysed, but appears from its properties to be anthracene. The colour- 
ing matter dissolves in jKitaali with the colour of purpurin, but is distinguished from 
tliis compound, ns well ns from alizarin, by the violet-red colour of its solution in strong 
siilpliiiric acid, which, on the otlicr hand, exactly resembles that of rufigallic acid. 
This acid, however, dissolves in potsish with blue colour, and is quickly precipitated 
from the solution in contiict with air, a reaction not exhibited hy the colouring matter 
from opinnic acid. With lead and barium solutions coloured precipitates arc obtained ; 
mordants are dyed with colours resembling those prodticed by rufigallic acid more than 
those of alizarin. On subliming the colouring matter, tlio greater imrfc of it is car- 
ionised. Tho analysis of the uiisublimed substance gave numbers agreeing no-irly 
with the formula 0“li*0*, but Liobermann a. Chojnacki are of opinion tliat thi^ 
formula does not express the true composition of tho substance. 

llypogallic acid treated with sulphuric acid docs not jield any colouring matter, but 
is decomposed, with evolution of gas. 

Licborraanii a. Chojnacki assign to opjaiiic acid the constitutional formula 
f(OCIP)* 

C"1I=- COH . They find that, when heated w’ith gotla-linic, it yields a difficultly 
COOH 

volatile oil having exactly the odour of methyl-pyrocatechin. IIc.atcd to 200° with 
dilute hydrochloric acid, it yields, with elimination of carbon dioxide, several well- 
ci'ystullisecl acids of more simple constitution. 

OPXUMt On the estimation of Morphine in Opium, see Moiiphinu (p. 818). 

In opium grown at Hancock, Vermont (tJ.S.) W. Procter (Arch. Pharm. [2] cxlii. 
237) found 16*76 p.c. morphine, 2*00 tiarcotine, 5*25 nioconic add, 11*00 caoutchouc, 
fatty substances and resins, 22*00 insoluble matter, 38*50 substances soluble in water 
iind dilFeronb from the salts of morphine and narcotino, and 6*00 water. 

In opium from tho south coast of tho Victoria Colony, J. S. Ward (Pharm, J. Trans, 
[3]i i. 628), found 9 p.c. morphine, 4 narcotino, and 6 meconic acid. 


OPXirM SASas. O, Hesse {Ann, Ch, Pharm. Snpplrhand viii. 261 ; H^itsehr.f. 
CAc;». [2], vii. 641 ; Deut, Cheni. Oea. Bcr. iv. 693). Tho papers here cited contain a 
continuation of Hesse's o^orvationa on the rarer opium bases (Ut Suppl p. 883). 

lu these later experiments Hesse has examined tho mother-liquors obtained the 
^beitson-Gregory process (iv. 1051), for extracting morphine (conversion into hydro- 
cnlorides by addition of calcium chloride to the opium extract, and crystalbMtion of 
tile morphine, psoudottiorphine, and codeine salts from the liquor). On addition oi 
Mcess of ammonia to tho mother-liquor diluted with its own hulk of hot water, an m- 
considerable resinous preeipitato of laUtli opine is produced, tho other bases rcmai^ 
in solution. By agitation of the filtrate with ether, and of the ethereal extinct 
^tli acetic add, a mixture of acetates is obtained.. Caustic soda added m 
ttpitates papaforine, narcotino, thebaine, some cryptopine, and the threi 
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newbasdBt protopine, lalldanosine, and hydrocotaruine, vhile the alkaline 
filtrate contains in solution lanthopine, laudanine, some cryptopine, meconi. 
dine (?) and codamine. These last are again convcrtod into acetates by the ether 
process, and the liquid is neutralised -with ammonia. A little ianthopine separates 
after twenty-four hours, and the filtrate yields, with ammonia, a precipitate soluble in 
boiling dilute alcohol. On cooling, crystals of a mixture of laudan i ne and crypto- 
jjine separate. The alcoholic filtrate was found to conhiin no moconiclino, although 
this base should bo here obtained, whence Hesse concludes that the mcconidino is 
decomposed by the Hobortson-Gregory process, though not by the process adopted in 
his former experiments. By evaporation of the alcoholic .solution, and treatment with 
ether, a solution was formed, from which codamine was obtained, cither by addition 
of fused calcium chloride, which causes water, colouring matters, and crystals of co- 
damine to separate, or by conversion into acetate, thence into hydriodido, and purifica- 
tion of the latter. 

The precipitate insoluble in caustic soda is digested with diluted alcohol, and 
acetic acid added till litmus-paper is faintly redden^ by it. Addition of three times 
the volume of boiling water produces a crystalline precipitate of papaverine 
and narco tine (these bases not neutralising acetic acid). The filtrate freed from 
alcohol by evaporation, gives, on addition of strong hydrochloric acid, a precipitate 
of cryptopine hydrochloride; but this method is not to be recommended, as 
the acid converts some of the thebaine into thobaicino (n non -crystal line isomeridc), 
which interferes with the separation of the other bases. A better plan is to add tar- 
taric acid, which causes a copious cr^'stallisation of thobai'ne bitartrate. The 
mother-liquor of this is neutralised by ammonia, and mixed with 3 p.c. of its weight 
of sodium bicarbonate made into a paste with water. After about a v'cek, a black 
pitcliy mass separates. The filtnite from this gives with ammonia a precix:>itato whicli 
is treated with boiling benzene, the filtrate being also extracted with benzene. Cryp- 
topine and protopiuo then remain undissolvcd, while on shaking the benzene 
solution with a saturated aqueous solution of sodium bicarbonate, laudanosino crys- 
tallises out ; and the benzene filtrate from this, treated with gaseous hydrogen chlo- 
ride, yields hydrochloride' of hydrocotiirnino. 

Hesse describes narceine ns existing in tho mother-liquors of the Bobortson- 
Gregoiy process, but does not state how, or at what stage, it is separated from tho 
other bases. 

Peeudomorp^ine, is found only occasionally in opium, being obsorred 

only once in good Smyrna opium during four years. It*gives crystals with H’O and 
4H'0. It forms a nitro-substitution product, which rapidly disappears in nitric add. 
Beducing agents (sulphurous acid, sulphuretted hydrogen, nascent hyyrpgon) have 
no action on it. 

Lanthopine^ like pscudomorphine, narcotino, and papaverine, does not neutraliso 
acetic acid. It gives no colour witli ferric chloride. 

Laudanine, and Oryptomiie are separated by dilute caustic soda, which 

dissolves tho latter only sparingly. Tho filtrate is treated with sal-ammoniac, the 
precipitate thereby formed is dissolved in acetic acid, and potassium iodide added, 
whereby a hydriomdo of laudanine, free from cryptopine, is obtained. Concentrated 
caustic potasll solution gives a crysttilliuo compound with laudanine. Hesse formerly 
found C*®H“NO* as tlie formula of laudaniiio, but he now adopts C"H“NOS For 
cryptopine he ^ves tlio formula C**H*®NO*. Tho body analysed by T, and H. Smith, 
to which they attributed tho formula (?*H**NO*, was contaminated with thebaine. 
The observation of these chemists, tliat the buso forms two hydrochlorides, the one 
containing C*»H“N0*.HC1.6H*0, the otlicr, C«H"N0\2HC1.6H''0, is erxonoous, only 
one, C**H*"N0*.HC1.6H*0, being produced. Nitric acid of ro. gr. 1*06 forms nitro- 
cryptopine, which forms well characterised salts, the base being anhydrous, crystsl- 
line, and melting at 185^. Its formula is C**H’”(NO^NO®, which is the same as that 
cd crystallised nitropapaverino, with which, however, it is not identical, the latter con- 
taining water of crystallisation « C**H*®(N0*)N0*.H*0. 

Codamine, 0**H**NO*, meltqat 126® when crystallxsed from benaene^ and at 120® 
when from alcohol or ether; ferric chloride gives a fine darje-gvoeU colottr, With 
' separation of ferric oxide; it appears to form compounds with caustic alkalies 
now adopts the fionnula instead of the earlier one, 

yareodine, Hesse oorroboratee the formula ascribed to ihifi base by 

Matthiessen and Foster, in place of the older ope, C”H“NO^; the base ” 
from papaverine by solution in boiling water containing one-tU^ part of oxalic wdl 
on coolmg, the acid papaverine oxalate crystaHises out; this prmes U 
eevexal tlmei, aiid> fipally, the mwcotine is precipitated by ammonia an^ 
fam boiling nhiohol. . It mAte at 176®, and decompoBea at a Im degteei : 
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:^th boi^ta-Wator, narcotino forms a base much xesombliDg hydrocotarnine 
readily soluble in other, which Hesse supposes to bo formed by the reactiou'- 

C*»H"NO» + H*0 - C'*H»NO» + 

Hydrocotarnlue Opiauic acid 

and he infers that narcotine. is decomposed by water in the same way, and not in the 
monnor stated by Matthiessen a. Wright (Ist 'SuppU 863), viz 

Cotornlne Mecor.in 


Papaeer «»e, C**H**NO*. — Hesse formerly showed that the pure base has this compo- 
and not tJiat which was formerly attributed to it, viz., and ho con- 

siders that the sup^sed now dorivativo obtained from it by E. L. Mayer iJDeut, Chem. 
Ges. Ber. iv. 128), by the action of zinc chloride, and considered by him to be formed 
bv the reaction — 

^ 2Cr'®H“NO* « H*0 + C^»H«N*0^ 

Papaverine (Mayor) Kow dorivativo 


is nothing but papaverine, Mayei^s numbers agreeing well with those required for the 
formula C«H*‘NO<.HCl. 

Papavorino treated with nitric acid of sp. gr. 1*06 is converted into nitropapa- 
vorine, CJ*‘n“(NO*)NO‘ + H*0, which, when crystallised in the dark, is colourless, 
but becomes yellow in the light ; the water of crystallisation is given off only at 163^, 
when the substance melts and b^omes coloui-cd. 

Protopine, C'-‘'H*”NO^ is separated from cryptopine by precipitation of the solution 
of the mixed hydrochlorides with strong hydrochloric acid ; the protopine salt is horny, 
and adheres to the sides of the vessel, and is easily freed from the cryptopine salt by 
a little washing with water : a quantity of material that gave 80 grams of cryptopine, 
gave only about 1 J of protopine. It gives no colour with ferric chloride. 

Laudanosine, G^'H^’NO^ crystallises from alcohol, hot bonzono, or ether ; it melts 
at 89°, and gives no colour with ferric chloride. 

nydroeotarnine,C''^li}^^0^ + ^H-O, dissolves readily, and without coloration, in 
alcohol, acetone, chloroform, benzene, and ether, and crystallises readily from tlio 
latter. The crystals melt at 50*^, losing all their water of crystallisation at 67°. At 
100°, a great loss of weight is perceptible, without any appreciable alteration in 
composition ; it cannot, however, be distilled under the ordinary pressure. 

Pure sulphuric acid gives, on warming, distinctive colorations with the opium 
alkaloids, the tints being much altered in many cases by traces of impurity of iron op 
oxides of nitrogen. By this means Hesse diviaes' the opium alkaloids into groups 


I. a. Morphine, Fseudomorphine, Co- 

demo. 

$. Laudaniuo, Codamine, Laudanosine. 

II. Thebaiuo, Cryptopine, Protopino. 

III. a. Papaverine. 

3. Narceine, Lanthopine. 

IV. Narcotine, Hydrocotamine. 


Dirty dark-groon (morphine group). 

Dirty red-violet (laudanine group). 

Dirty green to brown-green (thcbaiue 
group). 

Dark violet (papavorino group). 

Black-brown to dark-brown (narceine 
group). 

Dirty rod-yiolot (different shade from that 
of I. fi) (narcotino group). 


. Oionp I. 0 give a dark-violet tint with add containing iron, while IV, pvo still a 
diity-ied violet, as with the pure odd. 

OPzmMI WAac. See Ci«YX.io Etbbiui (p. 276). 


. OSAJrCHUBU OI&. (Wright a. Piesse, CJtem. Soe, J, [2], ix. 1186; Wright, 
xi. 662). It has been shown by Souboiran a. Capitaine, also by Gladstone, that 
the essential oil of orange-pool consists mainly of a hydrocarbon C'®H”, called 
hesperideue, boiling at 174°. This result is confirmed by the experiments w the 
authors above cited. The pure oil begins to boil at 175®» P*c- goes over wlow 

180°, the remainder consisting of a soft yellow resin, inodorous when quite free t^roin 
liosperidene, having a bitter aromatic taste, and only slightly soluble in alcohol either 
« hot. It contains 76-6 p.c. carbon, and 9*7 hydrogen, "fiweing wito toe formula 

C“pO». OndistUlingi^ afewdropspossodoverW^^ 

coU6ctedat240»-4860°n^ the composition C^«H«0». The small portion distilling 
between 210° and 280° appeared to be identical with mynsticol, C H O. 

“ tubes «»^ As. /. pj, lx, 72#). 



878 ‘ OECIN. 


Henperidene does not contain cymCne, for on a^ptating it 'with strong sulphuric acid 
(to polymerise tho torpono), dihiting with water after 24 hours, and distilling in a 
current of steam, a distillate is obtained which docs not yield a truce of tcrcphthalic 
acid when treat^ with chromic acid mixture. Nevertheless the heat developed hy 
agitating hesperideue with sulphuric acid is sensibly lesa than that which is evolved 
by the action of sulphuric acid on an equal quantity of the nutmeg hydrocarbon boil- 
log at 163®- 164®, although this latter contains a considerable quantity of cymenc 
which is not acted on by the sulphuric acid (p. 862). A similar difference is obsen'ed 
when bromine is dropped into tho two hydrocarbons, the nutmeg product developing 
much more heat than that from orange-oil, although the product in each case is a di- 
bromide, C'®ir**Br®. This diiforonco in the quantities of heat ovolvocl from the two 
isomeric hydrocarbons under similar circumstances is doubtless related to tho diver- 
sities in their boiling-points and other physical properties. 

Hesporidene dibromide is resolved by heat into hydrogen bromide and cymeno : 

= 2llBr + G**II'* (p. 419). When hesporideno is boiled for several days 
with a largo excess of dilute chromic acid mixture, about 1 p.c. of it is oxidised to 
inyristicol ; tho greater portion is, however, completely oxidised to carbonic aoid 

and water ; and, on distilling tho product, a distillate is obtained contsdning acetic acid, 
with perhaps a trace of formic acid. No tcrcphthalic acid is produced (Wright). 


OKCZir, C^I1®0^ This compound may be formed synthetically from toluene. On 
heating chlorotolucne, C®1I^C1.CH®, to 100® for somo hours with sulphuric acid, two 
isomeric chlorocrcsylsulphurous acids, C^11*C1.S0“II, are produced, which may ho 
separated by the fractional crystfLllisation of tlicir Ijarimu salts. Tlio less suluhlo 
salt, barium a-chlorocrcsylsulphitCt (C'Il‘'CiSO®)-Ba+ 2IPO, forms beautiful colonrloi^s 
rhombic plates, whilst the ptlier, viz.: barium ^-cklorocreaylsulphite (C’lPClSO^y-Jla 
+ which is much more soluble, crysbilliscs in maniinellated tufts consisting of 

small crystalline grains. The potassium a-chlorocrcsylsulphitet obtained by double 
decomposition from the corresponding barium salt, forms nacreous plates, nioderatoly 
soluble both in cold water and in boiling alcohol. When this salt is fused with tvripo 
its Weight of potassium hydrate, it becomes brown, and gives off hydrogen, while orciii, 
salicylic acid, and crcsol are produced. Tho aqueous solution of‘ tlio fused muss is 
agitated, first with benzene to remove the salicylic acid and cresol, then with otlier, 
which dissolves tlic orcin and loaves it in an impure state on evaporation. Tliisoi\‘in 
when purified is identical both in its properties and crystalline form with tho orcin 
prepared from tho lichens, which is therefore a toliioiiodiphonol, 

Orcin is tho principal product of this reaction, tho cresol and salicylic acid formed 
at tho same time resulting from tho action of the potassium hydrate on the pottissinm 
cresylsulphito ; tho latter is produced from tlio potassium chlorocrcsylsulphito by tho 
reducing action of the hydrogen formod during tlio fusion (Vogt a. Ilcuiiingor, CompU 
rend, Ixxiy. 1107). 


Cblor* and Brom-orolns. Those compounds, somo of which are described in 
vol. iv. pp. 213, 214, have lately boon furtlior examined by Stenhouso {Froc,Roy. Soc. 
XX. 72), who has also obtained tho ponta-conipouuda. 

Pentachlororcin, C^H*C1*0*, is formed when a solution of orcin is added to a 
pulpy mixture of chlorine hydrato and water, or to a mixture of potassiuin chlorate 
and hydrochloric acid, care being taken to keep the chlorinating mixtm*e in excess. 
The crude product is then purifiod by crystallisation from carbon sulphide. _ It forms 
large colourless {u^isms, which molt at 120 r)®. It is moderately soluble in carbon 
sulphide and benzene, readily in other. It is but very slightly soluble in water, to 
however, it communicates an exceedingly disagreoablo and persistent bi^r 
metallic flavour. It appears to suffer decomposition when boiled either with alcohol 
or with water, trichlororcin being one of the products formed in the latter case. 

FtntaeUororein hypocKoritt, C’H<CI*0* = 0*H»a*0».H010.— When oi«» i» 
iriUi hydrochloric acid and a aolurion of calcium hypochlorite, thh tiro latter heing 
excess, a turbid solution is obtained, which, after the lapse of 24 hours, deposits vrnito 
crystals. ^ These, when crystallised iVom benzene, form colourless transparent pnsms or 
groat dispersive powers which melt at 140*6®. This compound is ve^ soluble in ether, 
but, unlike pentachlozorcin, only sparingly soluble in carbon sulphide. It is 
posed by hydriodio acid and phosphorus, but tho product has not yet behn e^v^inoa- 

Tfichlororoint C*H*C1*0*, is readily obtained by the reduction of 
tachlororcin with hydriodic acid and amorphous phosphorus. It is moderately wlSSf 
in boiling water, and crystallises out on cooling in colourlw 
which mSlt at 123®. It is but sparingly soluble in carbon sulj^i^g r 
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petroleum ml and bonene, and (acessively soluble in other and alcohol. It dissolves in 
glacial acetic acid, from %7hich it crystallises in thin transparent plates which bo- 
wmio white and opaque on tho addition of water. Heated to 180° witli hydriodk acid 
and phosphorus, it is reconverted into orcin (Steuhouac). 

I^entabromorcinj Cai*Br*0*, is easily prepared by adding; an aqueous solution of 
orcin, with constant agitation, to a mixture of bromine and water, taking care that the 
bromine is in slight excess. Its solution in tmrbon sulphide, in wliich it is moderately 
Boluble, yields very largo and almost colourless tmnspivrent crystals, melting at 126°. 
It is almost insoluble in water, very soluble in alcoHol and ether, and moderately so in 
benzene. Pontabromorcin, when boiled with phosphorus and strong hydriodic jicid, 
pusses into solution, probably ns orcin ; but with very w'eak hydriodic acid, tribromor- 
cin is formed, identical witli that described by Stoiihousc, and subsequently examined 
by Laurent and Gorhardt, and by Lamparter (iv. 213). 

PoDtahromorcin, heated to lfl0°-160°, gives off 2 at. bromine, leaving tho compound 
C^Il’Br*0®, which crystallises from chloroform in minute yellow scales. This com- 

pound may bo regarded as tribromorciquinoue, C®H*]Jr ^ I (Liobermann a. Pittlor, 

Ann, Ch. Pharm. cxlix. 262). 

Zodoroln, C’H’IO*, is prepared by dissolving 1 part of orcin and 2 of iodine in 
0 parts of other, and gradually adding 9 parts of finely-powdered litharge. The colour 
of the solution rapidly disappears, and heat is developed. On distilling off the ol.her, 
and exhausting tho residue with hot benzene, the iodorcin separates in the crystalline 
sUito on cooling. When pure, it forms colburless prisms which melt at. 8r>'6° and do- 
comiiase, with evolution of violet vapours of iodine, when hoatiKl. It is only slightly 
soluble in cold water, but dissolves readily in hot water, tlio substance undergoing 
decomposition when the solution is boiled. It is vory'soluble in ether and alcohol, 
modonitely so in .benzene and in hot petroleum, alighlly in carbon snlpliide. It is 
quite destitute of the peculiar astringent sweet taste so chui'acteristic of pure orcin. 
Mercuric oxide may bo employed instead of lead oxide in its propiration, but, from 
the solubility of mercuric iodide in most liquids, it is not so advantageous (Stenliouso, 
Poy, Hoc. xxii. 63). 

Maitro-orolnlo iusld* C^H‘(N0>)’03 (Sbenhouse, Proc. Hot/, Soc. xix. 410). 
Orcin treated with nitric acid at ordinary temperatures yields nothing but rc.sinouB 
■uncry stall] sablo substances and ultimately oxalic acid ; bub by proceeding in tho fol- 
lowing manner, a crystalline nitro-compound may bo obtained. 

Colourless orcin, prepared from ordinary orcin by distillation in a vacuum, is dis- 
solved in a small quantity of water, and this solution is gradually added to strong 
nitric acid, cooled to —10°. Tho pale bro^vn solution thus obtained is now added, 
witli constant stirring, to concentrated sulphuric acid, also maintained at - 10°, and 
tho resulting pasty mass, after remaining in tho freezing mixture for fifteen or twenty 
niiuiitcs, is pourod into a mixture of water and crashed ice ; tho crude nitro-orcin is 
thus precipitated as an orange-coloured granular powder amounting to 150 p.c. of tho 
weight of the orcin. 

Olio or two recrystallisations from boiling water render tho nitro-orcin pure. It 
picn forms large yellow needles having the composition above iitatod, readily soluble 
ill liot water, but slightly in cold, and still less so in dilute acids. It is soluble in 
•ikohol, very soluble in hot bonzoue, and ciystalllses out in great part on cooling; less 
soluble in ether, and but moderately so in carbon sulphido. It dyes the ekiu yellow 
liko picric acid, but is tasteless. It volatilises slightly at 100°, molts at 162°, and 
uwomposos with sb'ght explosion immediately afterwards. When heated witJi concen- 
l>wted sulphuric acid, it dissolves, forming a deep yellow solution, which deposits ciys- 
kls on cooling, and is immediately precipitated by water. It dissolves in hot, s^ng 
*»tric acid, with evolution of nitrous fumes and formation of oxalic acid. It yields 
chloropicrin when treated with calcium hypochlorite at tho ordinary tomporatura Its 
l^ueous solutions are coloured dark brown by ferric chloride, and completely precipi- 
tated by lead subacetate. It is a powerful add much roserabling picric acid. 

The O', prepared from potassium carbonate and tri- 

^ro-opcinic acid, is very soluble in hot water, and crystallises in needles of a deep 
colour. The sodiwn salt, like the potassium salt, forma orango-colourol. 
I^fidles ; the ammonium sait forms deep yellow silky Soluble 

^^ter, btttmnch l^ss win alcohol. Tho barium salt, 0* + 
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prepared by neutralising a boiling solution of 1 part of nitro-orein in fiOOof w&tei 
witn barium carbonate, forms bright yellow needles, 'which lose their water of crystal, 
lisation nt 100^, and become orange-red. The calctwn soli forms yellow needles which 
are very soluble in hot water. The Tnoffnesium salt is very soluble in cold unitor, and 

crystallises in minute orange needles. The lead soli, ^ ^ prepared by 

precipitating a very dilute aqueous solution of nitro-orcinio acid with an acidulated 
solution of lead acetate, forms tufts of microscopic needles, which are almost insoloblo 
in cold water, slightly in hot. It crystallises unaltered from acetic acid. The copper 
salt is very soluble in water aud alcohol, and crystallises in reddish-brown noodles ; 
ihe sine salt forms tufts of yellow noodles, which are likewise very soluble, silver 


0*, prepared from the acid and silver oxide, forms an orango-red, 

gelatinous mass, which exhibits no signs of crystallisation. Zt is slowly decomposed 
hy long boiling. 

Ethyl trinitro-orcinatet prepared by boiling the silver salt with 

excess of ethyl iodide, crystallises from alcohol in bright yellow prismatic noodles, 
which melt at 01*5°. Methyl trinitro-areinaie very closely resembles the ethyl com- 


pound, but melts at 09‘5°. 


Amldorclna (Stenhouso, Eroc. Eoy, Soc, xxi. 122). — Amido-diimido-omn, 
C^II*(NH-)(NH)®0®. — This base is produced by the oxidation of the triamido-orcin pre- 
pared by the action of reducing agents, such us sodium-amalgam, tin and hydrochloric 
acid, or zinc and an acid, on trinitro-orcin. It is better, however, to treat trinitro-orcin, 
Buspondod in water, witli sodium-amalgam in a closed vessel until the solution becomes 

• colourless, then to oxidise the clear solution by agitating it with air until it assumes n 
brilliant blue colour ; and finally to precipitate the amido-diimido-orcin tlius formed as 
hydrochloride by the addition of an excess of strong hydrochloric acid. On treating 
the hydrochloride with a slight excess of dilute ammonia, it is decomposed, leaving the 
free base in an impure state. This is dissolved in warm dilute acetic acid, flturod, 
and precipitated by a slight excess of ammonia. Two or throe solutions and repre- 
cipitations suffice to render it pure, when it forms small noodles, having a deep green 
metallic lustre byrofiected light. They are insoluble in most liquids; a solution of 
sodium hydrate, however, dissolves them with a fine deep bluo colour. Treatment 
with sodium-amalgam reconverts them into triamido-orcin. 

The hydrochloride^ [C'IP(NIP)(NH)^O^HCl, crystallises, according to circum- 
stances, either in long silky needles of a brownish-red colour, in rhomboi'dal plates, or 
in dark-red thick prisms. It is insoluble in alcohol and other, moderately soluble in 
cold, and easily in boiling water, but is at the same time partially decomposed. The 
sulphate^ [C’H*(NII^)(NH)*0*]*^* + H*0, forms minute lustrous plates, which are 

* purple by reflected light, and much less soluble in water than the hydrochloride. The 
nitrate closely resembles the sulphate in nppearance, but is much more soluble in 
water. The oxalate is obtained in very slightly soluble purple scales, and the picrats 
in iridescent green needles and plates, which are insoluble in alcohol and almost in- 
soluble in water. The acetate^ which is very soluble in cold water and does not crys- 
tallise well, is prepared by dissolving the freo base in acetic acid. As the aqueous 
solutions of the amido-diimido-orcin salts are decomposed undor Idle influence of heat, 
it is best to prepare them by adding the corresponding acid to a solution of tbe 
acetate. 

Tnamidthorcin. — On boiling trinitro-ordn with tin and hydrochlorio ^d until it be- 
comes colourless, separating tho tin by hydrogen sulf^ide, and evaporating the solution 
in a vacuum, long colourless needles of triamido-orcin hydrochloride are obtained* but 
owing to their great solubility and tho roodinoss with which they absorb water and 
del^uesce, the salt has not b^n obtained in a state fit for* analysis. On passing a 
current of sulphuretted hydrogen through a solution of ammonium sulphvdiate m 
which amido-diimido-orcin is suspended, the latter rapidly loses its colour and become 
inverted into a sandy deposit conshting of colourless crystals. These are apparently 
triamido-orein, and oir exposure to the air rapidly acquire a metallic green Ins^ 
become converted into amido-diimido-orcin. They also dissolve in h^roi^lW 
the solution acquiring a deep red colour and depositing crystals of aimdo-diiniiaoK^°, 
when exposed to the air. 

OHIUTm. This isg native arsenite from Burmah, deBoribed liy:^^ ^^ 
IChm. News, xxiii. 19). lb is steel-grey with metallio lustre on tlw 
bliKok and earthy on tarnish^ faces. Hardness -i 6*3. Sp. gr. ii>7'848 
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Analysis A shows tho complete composition, B the mean of two determinations of the 

chief constituents : 

Cii Fe As Sb X* Yt 

1213 • 43-12 38-43 O‘o4 0*12 6-19 ^ lOO oo 

13-28 43-88 3703 

» Eortby admixtures.— t Dissolved after la hours* digestion with dilate sulphuric acid, and con* 
sisting of 1-21 CaO, 1*97 FeO, 1*89 PbO, and 1-12 Aa*0\ 

OSTBOCliASIl. See Felspar (p. 308). 


08BSnr> Bone Cartilage (i. G19). — ^In the organic matter of fossil boRos, A. ’ 
Scheurer-Kestner {jCompt. rend. Ixx. 1170; furtlior, <71 Phami. [4], xvii. Ill) distin- 
guishes a solublo and an insoluble ossein. The latter is not dissolved by^weak hydro- 
chloric acid containing only 0-6 p.c. HCl, but is dissolved by stronger acid. Treated 
with acid of this strength, a mammoth-bone yielded 637 p.c. insoluble and 36-3 soluble 
ossein, and the bone of Ursui speleeus yielded 37'4 insoluble and 62*6 soluble ossein. 
The soluble ossein exists ready formed in fossil bones, and is not formed — at least not 
altogether — by tho action of the hydrochloric acid on ordinary ossein. 


OXAliZC ACZDi O’H^O*. Formation, — ^According to Bortholot ( Compt rend. lu. 
256) charcoal (from spindle-troo wood) is attacked by solution of chwmic acid, yielding 
n small quantity of oxalic acid. According to Wippermann {Deut. Chrni. frM. Brr. iii. 
337) oxalic acid is found amongst tho products of tho action of othyl dibromacotate on 
tho mixture of sodacetic ethers obtained by Frankland a.^ Buppa. According to Carius 
tlio formation of oxalic acid under these circumstoncos is duo to tho decomposition of 
tho ethyl dibromacctato by tho sodium ethylate which is likewise present. ^ 

Recovery from ifus Residues of the ‘ Discharge* process. — When cloth which is in parts 
impregnated with tartaric or oxalic acid, or lioth, is passed through the discharge-vat, 
wliich contains chloride of lima with a greater or smaller excess of lime, decomposition 
tekes place, and tho acids are converted into their calcium salts, which, being insoluble, 
settle, together witli tho excess of undissolvod lime, at the bottom of the vat. If the 
slimy deposit so produced is allowed to remain in the working vat for some weeks, 
with frequent agitation, it becomes continually richer in tho salts and poorer in free 
limo, till it attains even such a percentage of tho former as 6o’6 p.c. calcium tartrate, 
ami 18 p.c. calcium oxalate. •! ti j 

From this mixture, washed and somewhat diluted with water, tho acids are liberated 
hy additiou of a previously determined quantity of sulphuric acid of 1-668 sp. gr., and 
after stirring ana boiling with as much moro water as is equal to tho weight of the 
original deposit, the liquid is separated from the calcium sulphate by moans of a cen- 
trifugal machine. Any excess of sulphuric acid contained in tho liquid is removed by 
boiling with barium tartrate. , , x i. \ 

This method affords still better results when chloride soda (Euu de I^barraque) 
is employed in the discharging vat in place of the clilorido of lime. As the tartrate 
and oxalate of sodium remain in solution, it is only necessary to add from time to time 
•I sufficient quantity of chloride of lime solution to precipitate all the tortanc and 
oxalic adds as lime salts, and to restore the original working strength of tho vat. In 
this case the precipitate will contain no calcium hydrate or carbonate, and consequently 
a groat saving of sulphuric acid will be effected. ... i ..i. 

A fnrtlier advantage is found to follow tho use of the soda-soluttou, namely, that 
the whites are whiter, and the rods are less iiyured, than when the chlonde of lime is 
employed (A. MiUler, Chem, Cenir. 1871, 134), 

JewsttHM.— According to Q. Bino (Ztttieir. f. Chm. vi. 62 ) oxbKc Md in 
Jilnto aoliitioa in oxidised by tho oxygon of tho oir, in shorter or longer timo occora- 
to the temnerature ; but in mow concentrated solutions this oxidation does not 
take place. 

According to P. Caries {Compt. rend. Ixxi. 226) when a strwm of ” 

passed through a strong solution of oxalic add, no carbonic acid is formed at ordma^ 
^fflperatuws; but if tho oxalic acid bo heated to 100®, 

« split up into carbon dioxide and formic acid, and thinks that Binos result may be 
®*plainod in a similar manner. 

The fbUoning table of ttie oolubilily of add and oovomI 

“^Micoxalatoo in wttep ia given by W. B. Nichols {Chm. Xm>, xxn. 1*). 

tni Sup. a L 
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SoluhUity of Oxidates. 



Tempera- 

tUIOA 

Quantity of 
water required 
to dissolve 

1 port of salt 

Oxalic acid, C*H»0* + 2H*0 

0 

14 6 

10-46 

Neutral sodium oxalato, C*Na*0^ 

13 


Acid sodium oxalato, C*NaHO^ -I- 11*0 

10 

67-67 

Neutral potassium oxalate, C*K*0< + H*0 . 

16 

3-03 

Acid potassium oxalate, 4C*HKO^ + 11*0 . 

8 

26-21 

Potassium quadroxalate, C*1IK0\0*H*0* + 2H®0 

13 

56-25 

Neutral ammonium oxalato, C*(NH^)0* + H*0 . 

15 

23-69 

Acid ammonium oxalato, 2G*(NH*)HO* -i- H®0 . 

11*5 

15-97 

Ammonium quadroxalate, C*(NH*)II0*.C*H*0* + 211*0 

7'76 

39-68 


Mmiinium oxalates . — Tho following doublo oxalatoB of dluminium have been pre- 
pared by A. Z. Collin {Deut. Chem. Ges. Ber. ii. 315) : — 


K»0.C*0’ + AP0».2C®0» + 8H=0 
2(TC*0.(?0>) + Al*0».2C*D* + 311^0 
2(Na*0.C*0») + A1«0».2C«0» + 7H*0 
3(Na20.C*0>) + Al*0».2C-0* + 611*0 
r(NH*)*0.C*0*)1 + A1*0».2C*0* + 6H*0 
3[(NH*)*0.C*0*)1 + Al*0».2C*0* + 5H*0 
3(Ba0.C*0*) + A1*0>.2C*0» + 9H*0 
Mg0.C*0» + A1*0>.2C*0* + 6H*0. 

Antimony oxalatcs.^Tho following are described by N. Svonsseii (Deut. Chm. 
Gee. Ber, m. 314) : — 


Sb*0* 2C*0* + 
K*0.C*0» + 
3(K*0.C*0*) -f 
K*0.C*0« + 
3(K*0.C*0*) + 
3(Na*0.C*0>) + 
(Nfr)*0.C*0») 
•NH*)*0.< 


3[(NH*)*0.0*0*)] 

3[(KH^)*C*0®]) 


IPO 

Sb*0*.3G*0» + H»0 

Sb*0»8G*0* + 6H*0 
Sb*0»3C*0» + K*0.H*0.2C*0* + 3IP0 
Sb*0».3C*0* + 2(K*0.H*0.2C*0*) -H 5H*0 
Sb*0*.3C*0» + 9H*0 
Sb*0».3C*0» + 10H*O 
2(Sb*0*.3C*0*) + 16H*0 
Sb*0».3C*0» + (NH«)*0,H*0.2C*0»-I-15H*0 


The salt (5) was deposited from tho mother-liquors of (3) and (4), for the propstii- 
tion of which acid potassium oxalate was mixed with antimonious oxide and cauBtic 
potash. Tho salt (4) forms large well-defined crystals. The salt (2) is decomposod 
by water ; so likewise is (8), which was obtained but once. The salts (5) and (9) 
may be reciystallisod from water without alteration. 

Biemutk-potaeeium oxalate, K*0.C*0* BL*0*.30*0* + 2H*0 (Svenssen). 

Ceimue oxalate, C*Ce0*, in tho air-dried state contains 4 mols. water; after dryinpt 
100° only 1 mol., and this is given off at a higher temperature, partial decomposition, 
however, taking place at 180°. The air-dried salt gives off 3 p.<s. water over sulphnnc 
acid (Erk, T^itechr. f. Chm. vii. 100). 

oxalate; G*PbO WExperiments on the calcination of this salt have been modfi 
by E. J. Maumen4 {Compt. rend. Ixid. 797f 837). v H 

The black jpiduct left on calcining le^ oxalate was considered by BeraehuSi ana 
after him^ by Dulong, to be a suboxide of lead. Subsequently Boussingault found tliA^ 
on exposing this body in a muffle to an incipient red beat, it experience a gam if 
weight corresponding with the difbrence between Pb®0 and 2PbO. Lastly, itiformatjoi 
and properties were examined by Pelouzo, who found, on keeping „ 

temperature of 810°, at which it begins to decompose, that the gMes 
carbon monoxide and carbon dioxide in the ratio of ICO : SCO*, according to ut 
equation 20»0^Pb - Pb*0 -h CO + SCO* 
lllCaumen^, however, finds: 1. That the black residue is a mixture of metsUi^w 
^th the monoxide PbO, inasmuch as, when triturated with meiuuiy for a 
time— or for a shorter time if previously moistened with al^ol-^it yields 
of lead, dnd vjrhen boiled with a solution of sugar it gives up a conilderahio ^ 
of lead oxide. 
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2. That the proportions of carbon mono^gde and dioxide evolved in the decomposi- 
tion are not constant, but vary according to the temperature and other conditions of 
the experiment. When the oxalate was heated in an oil-bath to 310°-31d^, the gas 
cdllected in the early stages of the decomposition exhibited nearly the r;itio ICO ; 
200^ but on collecting successivo portions of the gas evolved at 315^, the proportion 
of carbon dioxide was found gradually to increase, till at length the evolved gas con- 
sisted almost -wholly of that compound. This result is due to the grtidual oxidation 
of the (jarbon monoxide by the had oxide in the residue. _ Similar results were ob- 
tained at higher temperatures. By calcining a small quantity of tho oxalate 1[1 gram) 
in a narrow gas tube, of which it occupied a considerable length, and using a regulated 
ftame, a gaseous mixture -was obtained exhibiting very nearly tho ratio ICO : 3CO^ 
mentionoii by Polouze. 

oxalic ettaera. On the action of Sodium on Ethyl oxalate, see ^tcoluc Acid 
( p. 660) ; also Eghis {Beut. Chem. Ges. Ber. iv. 680 ; Ckem. Soc. J. [2], ix. 820). 

^ Verfoctly dry ethyl oxalate, treated ynih pho^horus oxychloride, forms ethyloxy- 
oxaly lehlori do, COCl-CO(OC*II*), which is a colourless mobile liquid having a 
suffocating odour, a sp. gr. of 1‘2160 at 16°, and boiling at 140°. It fumes strongly 
ill the air, ond when exposed to tho air for some time is converted into oxalic acid. 
^Yit,ll water it decomposes very rapidly; with alcohol it instantly forms ethyl 
oxalate : witli alcokolic ammonia it yields ethyl oxamate ; and with aniline cthylic 
phenyloxamate (L. Heniy, DeiiU Chem, Ges. Ber. iv. 598). 

WJiori ethyl oxalate is digested with isoprojyfl iodide and zinc, first at ordinary 
tcnipcmturos and afterwards at 100°, tho ethylic ethers of oxy-isocaprylic acid 
and oxy-isovraleric acid (p. 885) are produced, together with a third ethylic 
ether, wliich is obtained by heating tho lower boiling portion of tho crude pw- 
ductwitli baryta-water to 100°, removing tlio excess of baryta with sulphuric acid, 
and concentrating tho solution. Tho other in question then separates in necdlo-shapod 
crystiils, coloured by iodine. Tho free acid forms white crystals easily soluble in water, 
sublimes below 100° in white needles, melts at 91°-92° and solidifies at 85°. This 

ether is perhaps tho isopropyl-compound, QjjpQ 1 Cn,CO*II, analogous to Frank- 

Innd a. Duppa’s amyl-ethyl-liydroxalic acid (iv. 276). ^ . 

Actim of Oxalic acid on Bobjaiomic alcohols. -Oxahz acid forms with glycmn a 
compound called Oxalin, a white solid hygroscopic substance which, when heated, 
mnlts. ffivcB oif vapours, and decomposes, evolving carbon dioxide and leaving glycerin. 
With aimnonia it forms oxaraide. Similar compounds are formed with mannitc, dul- 
citfl, erythrite, quorcito, etlione glycol, and octene glycol (Lorin, Compt. rend. Ixxvii. 
329, 363 ; d 7 in. Chim, Phys. [4], xxix. 367). 

OXAKQBIO AO«», C*H'N"-i0’ = 

this acid is formed by the action of ethyloxy-oxalyl chloride on urea : 

^CO-NH* 

Cl»0*(OC«H*).a + CO(NH«)« = HCl + UN 


Tho nclion takes place at onlinaTy temperatures ; it is very energetic, and accompnm^ 
by coBsideraWe evolution of heat As tho liydrochloric acid formed unites vnth «ie 
vrea, it is necessary to use a double quantity of tho latter. Tho product is o*hai^ 
with cold iratar, and the lendual ethyl oxulurate is rccrystailised from boiling 
Wtitor 

Ethyl sepsmtM fhim irater in thin, white, silky, Mhydtous needles ; firom 

alcohol as a white crystalline powder. 

OXuno snnPtB. On the formation of these ethers by the action of ammo* 
SIS and aminsa on ethyloxyHnalyl chlonde, see above. 


OSAMiBOJrAVBXBOb See NaraTBOLS (p. 842). 

Mtuncm. This name ia pvon by C. U. Shepard {8Ul. Am. J. P]> 

{o nmnaniam found in the vertobral column and tho stomach of a bird bunoa 

guano. 

<*SntAVUnr. On the Heat developad in Oxidation, see Hsat 
lecture experiments on altomato Oxidation and ^^on w ^scribe y 
Hofmann (/jSt Ohm. Ot*. Ber. iii. by J. Thorny gW. »S0). 

*h«4. f f!hm , 1870, 107 i also by Wartha (ZJeirf. CS«b. Gee. Ber. it. »4, jaurmo. 
1*11.197). 

' Il2 
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On Oxidation in the Animal Organism, seo PfUiger ArcUv, f, Phv» xA jo 

Chem. SoG. J, p], x. 1030). x ^ vi. 

On the Oxioising Power of the Blood, soo p. 200 of this volume: on the Inflnan 


of Quinino on the Oxidation in the Blood, see p. 197. 


In^uence 

On the alleged Influence of Calcination on the lloat discnaaffed in tTi 
Solution and certain Reactions of Metallic Oxides, see p. 617. ® 

On the Effect of various metallic Oxides in facilitating the DecomnosiUnn .f 
Potassium Chlorate by Hoat, seo p, 316. eroaiposition of 


(p - ■MrraoftAQtnwom. Soo 

OJUMZBOBTAVBTHOli. Seo Nafuthol (p. 812). 

OSUWBOli. See Indigo (p. 666). 

OXY’A.XOSBirZiarS. See B^nz^nk (p. 151). 
ozBAmranuLQvzB'OtfB. Soo Anthraquinonk (p. 02), 

O^'SfBBWXOXC AGZB. On the relative positions of the radicles OH and 
COOH in this acid and its isomeridcs, see Bnnzbnk (p. 133). 


OBTBVTYBZO ACZB8, = C^H»(OII)0® (Mnrkownikoff, Ann Ch 

Pkarm, cliii. 228, 251 ; ZeiiscJir, f. Chem. iv. 620 ; vi. 421). The following observa- 
tions on these acids are supplomcnfaiiy to those reported in the \$t Suppl. (p. SOU " 

IPC - 

(1). Thcoai/isobuiyricacid, J^COH — COOH, formed from bromisobutyric 


acid, is a white cryfitallino body easily soluble in water, and separates from the fiqiicoiis 
solution over sulphuric acid in pri.smatic c^alals, from ether in stellate groups of 
needles. When continuously heated it sublimes at 60^ in slender flexible needles, 
which melt at 70® and resolidify at 76°. It absorbs moisture from the air. The am- 
monium salt is very soluble. The calcium salt crystallises in spherical groups of 
slender needles having a silky lustre. Alcohol throws it down from its aqueous 
solution as a gelatinous precipitate which dissolves when heated, but sopJiniles iu 
needles on cooling. The barium salt dissolves easily in hot water and in hot alcohol, 
and crystallises lu prisms. The dissolves sparingly both' in hot and in cold 

water, and separates on evaporation by heat in microscopic six-sided laminae, on spon- 
taneous evaporation in four-sided plates. It contains 2 mol. water of ciystallisation. 
The^^eod salt is very soluble. The silver salt crystallises from hot aqueous solution in 
shining scales, by slow evaporation in largo flat prisms. It< dissolves in 14 parts of 
-water. 


Oxyisobutyric acid is converted by oxidarion with potassium dichromate and sul- 
phuric acid into carbon dioxide, acetone, and acetic acid. According to Markownikeff, 
It is identical with acetonic acid, dimethoxalic acid, and butyloctic acid. 

(2). G^Oxybutyric acirf is prepared from chlorinated or brominatod butyl chloride 
in the same manner as oxyisobutyric acid. This acid, represented by the fonnula 
OH*.CH*.CHOH.GO*H, is identical with that whicli Eriodel a. Machuca obtained 
from bromobutpvic acid (1«^ 801). It crystiillises from aqueous solution over 

sulphuric acid in stellate groups of noeiUes ; from solution in aqueous ether in email 
flat prisms. It deliquesces in moist air, melts at 43°-44°, sublimes below 100®, and 
begins to boil, with incipient decomposition, at 225°. The calcium salt, 2Ca(C*H*0*)’ 
+ 6H*0, is easily solublorin water, and ciystalliBos in nodular masses. Thazinesall, 
Zn(^H’0*)* + IPO, crystallises from hot aq[Ucous solution in nodular flg[gre^tes 
consisting iA slender four-sided prisms united in tuils ; by slow crystallisation it is 
obtained in long needles. The Uad salt and the silver salt are easily soluble in watefi 
tlieiatte:^ crystallising thorofrom in druses. 

(8). $-Oxy butyric aci4, CIP.CH(OH).OH*.COOII, prepared ftom propyton®- 
chlorhydrin, nils already been described (Is^ Suppl. SOI)., 

«Krpjui»BOBzc Awnanum, c»H><0*. See OAiEmosia Acii>;(p. 

OSTOJUMVBOBOane AOXS, C'H»0«. Sce CSAliPBoaoMlO Agio (p. 2(8). 

OnOAUOm or OABSOW oausas, Tm> of these hodieS. 

C*OS analogous to tho h^rdrocapbons, crotonvlene C*H®, and ^Tileiylona C*H , 
been obtains, together with others of undetermined compositioUt by ex^a£[ 
dry cartxm monoxide to tho action of electricity in an induction tu^ (Br^e; p- 

wmmwno aois, c*h«.c>h*oh.co<h, and osnmin^viil^ 

C*fl*.C*Il*OC“H*.CO*H, are formed, together with other conipoiinds, hy'fcoiHhg 
cumic acid -with alcoholic potash (p. 408). The former yields a banoj'^ 
exystaUises in nodules (Czumpelik). 
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OSCTCMar. Preparation . — process for obtaining oxygon firom atmospheric air 
for industrial use, founded on the property possessed by -water, of absorbing oxygen 
more readily than nitrogen, has been devised by Mallet {l)ingl. pol, J, cxcix. 112). 
Air is pressed into water by means of a forcing-pump, and the gases which csciipo 
on diminishing the pressure are subjected to the same treatment eight times in succes- 
eion, by which time nearly pure oxygon is obtained. The following table shows llio 
composition of the gaseous mixture at each successive stage. 


AtziLOsphei'io air 

CompoBiiioii after successive pressores 

H 

‘2 

a 

4 

5 

B 

B 

8 

N . . ' 79 

0 . * 21 

6G-67 

33*33 

52*6 

47*5 

376 

62*5 

2.5*0 

75*0 

16*0 

85*0 

9*0 

010 

5*0 

95*0 

2*7 

97'3 


The difficulty of obtaining oxygen free from nitrogen arises, according to Houzoau 
{^Compt. raid. Ixx. 30), from the adhesion of atmospheric air to the surface of the 
gbiss, which is so strong that the air cannot be completely removed oven by washing 
with large quantities of oxygen. The difficulty may, however, bo overcome by keep- 
ing the glassired-hot while a strong stream of oxygen is passed over it. The oxygen 
is'^Gvolved from fused potassium chlorate in retorts heated over their entire surface, 
and contiiining ignited asbestos in their- -“ecks. 

On the influence of various meliallic oxides in Tcilitating the evolution of oxygen 
from potassium chlorate, see Chi.okatj2S, p. 316; also G. Krebs {Zatechr. f. Chem. 
vi. 213; Jahreab.f. Chem. 1870, 208). 

hlxpcrimentn on the effect of dilution on the oxidising power of oxygen have been 
made by AV. Miillcr {Pogg. Ann. cxli. 06). In the case of iron, copper, and arsenic, 
oxidation was found to commence in atmospheric air at a lower temperature than in 
pure oxygen, whereas in the case of charcoal, sulphur, antimony, potassium, iron sul- 
pliido, and lead, no difference in the temperatures of commencing oxidation was 
ybj?crv(id. 


OXTBnXOanrCOVZG AGIB. See Muconic Acid (p. 827). 
OXYZeOBinmUCC JBLCZB. See OxYBUTYHic Acid (p. 884). 

OXTZSOCAPB'nZC B.CZB, C*H**0’ COH.COOH. (Markownikoff, 

Ziihchr. f. Chem. vi. 516). The ethylic ether of this acid, C»H*»(C=H®)0>, is prepared 
15' digesting rather more than 2 moL isopropyl iodide with 1 mol. ethyl oxalate and 
zliic for somo days at the ordinary temperature ; the mixture is then diluted with water, 
inixod with hydrochloric acid to remove the zinc, and then distilled as long as drops of 
oil continue to pass over. The. portion of the oily distillate which goes over between 
13f)° and 205° is boiled for six hours with a weak solution of potash, after whidi the 



slowly. 


Oxyisocaprylic acid is best obtained by beating the ether with alcoholic potash. A^r 
the alcohol has been distilled off, the residue solidifies on addition of hydrochloric acid to 
a pasty mass, from which it may be obtain^ by rocrystallisation from water,* in slender 
colourless noodles. By spontaneous evaporation longer needles are obtained and 
soiaotimes rather large transparent flat prisms. It dissolves sparingly in cold water, 
iu alcohol and ether : melts under water, and volatilises witli aqu^us vaTOur. 
h molts at 110®-111°, and then often remains liquid below 80® When heated above 
Its melting point it sublimes in long needles. 

pmium OxuiaocaprsUite, Ba(C!*H“0*)* + 3H*0, eiystoUisesfrom hotTOtarinTOall 
prismatic needles which appear to effioresco easily. The calcium salt is easily “1^°^® 
water, and crystallises wiUi difficulty. The zinc salt separates as an amorphous 
precipitate on heating the ammonium salt -with zinc sulphate. 


C*H’.CH0H.C0»H (MaikownikoflK loo. eU.) This is 
IwtaA-solution -nssd in tlte prenaiadon of crado o^socapiyho a«d, 

sulflnirie acid, agitatii^ and eTapmatiiig the ethereal wdotion, aa « 


or Pscudo-p 
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. thick li^nid which solidifici in the exaiccatar. It ap|ieais to ho idenUenl with the 
acid whidi Fittig a. Clarka obtained from bromoTaleric acid. The bariim salt 

’which is anhydrous, is best obtained by precipitating its aqueous solutioil 

with hot strong alcohol. The aqueous solution, when concentrate by heat, leaves it 
in the form of a s^up ; by spontaneous evaporation, it yields crystalline nodules 
The siltfsr salt, AgC^H*'>0^, is slightly soluble in cold water, rather more soluble in hot 
water, from which it crystallises in dendrites. The j^inc salt is a whito flocculont 
precipitate but slightly soluble in water, either hob or cold. 

OXTUPZDBWB, See Lspidenk (p. 773). 

03EnKBnn-PBBinrXi.roBaao ac», c*H*o*,- C*H*|o«o^(Wit- 

mar a. Kekulu, J}eut. Ciiem. Ges. Ber. iii. 891). Tliis acid is formed by heating 
1 mol. of ordinary toluic acid to 160°-170® in a long-nccked flask, and slowly drawing 
1 mol. bromine-vapour through the apparatus bymeiinsof an aspirator. A brominated 
toluic acid is thereby formed having its bromine in the methyl, and capable of 
exchanging it for hydroxyl when boiled with alkalis or baryta-water : 

O'^icOOH + H^O - HBr + 

The oxyacid forms white plates or smooth needles, very soluble in hot, moderately in 
cold water. It melts at a temperature somewhat higher than toluic acid and sublimes 
in feathery groups of noodles. 

OXTarAPBTBA^unroirB. See Naphtuaquinones (p. 836). 

OXTB’BTFBZBB. Tin's ba.se, produced by the action of trimothylamlno on mono- 
chloracetic acid, is identical with hetaino from bect-juico (p. 186). 

^ OBTPZGBZC or STYPBBZC ACX3>. (>’n’‘(N0>)>0*, is identical wiUi tri- 
nitroresoTcin (see KESoncm). 

OXTPnOTABnABXC ACID, C^H«0* « C*HX01I).(C001I)®. Thisbibasic 
acid, homologous with malic acid, was obtained by Maxwell Simpson {Brw. Boy. 8oc. 
xiii. 44), by heating dichlorhydrin with potassium c;}^anido in alcoholic Bolution, and boil- 
ing the product with potasli. An .acid apparently idonticjil with this is produced by the 
action of melting potassium hydrate on oitlior of the throe sulphopyrotartaric acids 
formed by the combination of sulphurous acid (sulphites of alkali-motal) with citra- 
conic, itaconic, or mosaconic acid. The oxypyroUirtaric acid thus obbiined forms hard 
crystals very soluble in cold water, slightly soluble in alcohol and in ether. From a 
noutralisod solution it is precipitated bluish- white by cupric salts. The silver salt, 
C*II*Ag*0* + 11*0, gives off its water of crystallisation at 66® and decomposes at 100® 
(Wieland, Ann, Ch, Pharm, clvii. 34). 

03LT8AUCTUC ACZB, C*}PO«. According to Liochti (Zeitsc^r.f. C/temM. 
193), this acid prepared by Laiitomann’s process (decomposition of iodosalicylic acid by 
potash) is not identical with hypogallic acid, inasmuch as it cannot bo made to unite 
with water of crystallisation, whereas hypogallic acid crysbillises with li mol. water 
(148 p.c.), which it gives off at 100® (soo further Salicylic Acid, Is^ Suppl. 1006). 

OBT8V3bPBAXOTATS8« See Svlfuazotig Acids. 

OBT8inbPBZBB OP CABBOB', COS. See Gaubon OxysulfHxdk (p. 262). 

OBTSmLPBOBBVZlBB. C'*II*®SO< = (C®H®OH)*SO*. This compNOund, dis- 
covered by Glutz (Ist Suppl. 894), has been further examined by Annaheim (lA pr- 
Chsm, [2], i. 14; ii. 386). It is best prepared by heating equal weights of pnenpi 
arid strong sulphuric acid to 190®-196® for five or six hours, and pouring the mass into 
two or three times its volume of -wator. - t -j- 

mhyl-oxyavlphobcneide, (C"H«OC*H*)*SO*, is formed by treating oxysulphobenziae 
with ethyl iodide and alcoholic potash. It is insoluble in water, nearly insoluDie in 
cold alcohol, easily soluble in ether and hot alcohol, and crystallises ftom the istter i 
white laniihse which molt at 160®. Strong nitrid acid converts it into a nitro-proewoft 

^ Wi^ metkyl iodi9o and amyl iodido oxysulphobenzide yields derivatives of simU>* 
character. ’ - 

(C*H*Cl*OH)*SO*, is fomed, together 

ducts, by treating oi^sulphobenade with potassium chlorate and hydrwIoHC 
and punfied washing it “with water and with alcohol, dissolviiiff it in 
.separating by water. It forms short thick prisms .<af white; noeolershapea aywwi 
insoluble ID -water, sparimgly soluble in cold alcohol, easily inhotaloobdl, aad tnw * 
benaene and alkaUs. It melts at 208®-290®. 
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OXTTOXilIIO ACXBi CWO*. Syn. with Oxymcthyl-plienyl-formic acid (p. 886). 
OXITTBTMOQirnrOiriS. See Thvmoquikones. 

OZOWBa Fannation, — From iiumorous experiments on the formation of ozone 
under the influence of the spark of a iluhmkorff coil, Houzoau {^Compt. rmd. Ixx. 1286) 
iinds that tlio formation is more rapid in renewed than in confined air, and that it 
takes place more abundantly at the negative than at tlie positive pole. The formation 
of ozone increases with the duration of the (dcctrisfition up to a certain point only; it 
iiifreasos with the intensity of tlie electricity ; diminishes as the distance between the 
electrodes is increased; varies with the length or surface of the electrodes; and 
increases, under otherwise similar circumstances, when the action of both electrodes is 
nmdo arailablc. Ozone is likewise formed when the cdoetrodes are surrounded through 
tlioir whole length with thin glass tubes, either cluseil or open, less abundantly, how- 
ever, than when tho air has free access to the platinum wires. In this case also the 
quantity of ozone formed varies with tho length and surface of tho electrodes. The 
formation of ozone increases considerably as the toinperatnro is lowered, and under 
otherwise similar circumstances oxygon yields from 7 to 10 times as much ozone as 
.'itinosphei'ic air. Tho ozone produced by olectrisation of air is contaminated with 
biimll quantities of nitrogen-compounds. Guided by these experiments, Houzcau has 
constructed an apparatus called an ‘ ozonisor,* by which ozone is produced in consider- 
able quantity. 

In an ordinary straight gas-delivery tube is placed a wire of copper, lead, or bettor, 
of platinum, 4 to 6 decimeters long, with one of its extremities passing through the 
side of tlio upper portion of the tube. On the exterior of the tube is coiled a similar 
wire over the path of tho preceding. When the two are placed in communication with 
.1 Jlulimkorff’s coil giving a 2 or 3 centimeter spark, a slow stream of oxygen passing 
through tho tube will bo strongly charged with ozone. By this apparatus, Houzeau 
li ns prepared oxygen contiiining 60 to 120 (once 188) milligrams of ozone per litre. 
J^lectrolysis of water furnished only 3 to 5 milligrams, barium peroxide and sulphuric 
acid 10 milligrams per litre. 

A somowliat similar apparatus is described by A. W, Wright {Bill. Am, J. [3], iv. 
26 ; Chem. Soc. J. [2], x. 1071). 

Boillot {Compt. rend. Ixxv. 214; Chem. Boc. J. [2], x. 879) describes an apparatus 
consisting of two glass tubes one fitting within the other, and each coated oxtoriially 
with powdered coke made to odhoro by meiins of gelatin. The coatings of the two lubes 
!ipc connected with tho poles of an induction coil, and a stream of oxygon is made to 
jwss between the tubes. Tho oxygon is thus exposed to the influence of the silent 
tlifchnrgc, and a considerable proportion of it is converted into ozono. 

On tile formation of ozono in rapid combustion, soo A. Loow Buppl. 894). ^ 

On the simultaneous formation of Qzone, hydrogen dioxide,^ and ammonium nitnto 
by the combustion of hydrogen in tho air, see p. 660 of this volume ; also 0. Tliau 
[J. pr. Chem. [2], i. 415 ; Chem. Soc. J. [2], ix. 482). 

Supposed fomuttion of Ozone by the Oxidation of Essential O^, — It is commonly 
stated, on tlie authority of Schoiiboin and others, that the oxidation of oil of turpen- 
tine, and other essential oils in the air, is attended with formation of ozone, inasmuch 
as tho oxidised oil and tho air in its vicinity exhibit the reaction of ozone with potas- 
sium iodide (v. 921) ; this active substance likewise resembles hydrogen dioxide in 
^ving a violet coloration with chromic acid solution, acidulated with sulphuric* acid. 
Tlie nature of this compound has lately been examined by Kingaett Boc. d. [2]. 

xii. 511), who finds that it cannot be either ozono or hydrogen dioxide, because it is 
destroyed at the boiling-point of turpentine-oil, viz. 160°, at which temperature 
ozone .and hydrogen dioxide are permanent ; moreover it resists to a certain extent the 
fiction of sodium tliiosulphate, and its solution in water retains its properties ^ after 
long-continued boiling. ,Kingzett attributes the active properties of tho oxidised 
turpentine-oil to the formation of monohydrated torpone oxide, C*®II**O.IPO, wWch 
was shown somo time ago by Sobrero (Ann, Ch. Fharm. Ixxx. 106)to be formed when 
turpentine-oil containing water is exposed to the sun’s rays in a vessel filled with 
oxygen (see Tubfrntutb-oil). 

Properties and ifsKiofiow.— According to Carius (Deut. Chem. Ges. Ber. v. 520), 
liOOO C.C. of 'wateeat 0® and 0*76 m.ra. pressure absorb firom 3*86 to o'4i c.c. 

of ozone. 

According to Jonglet (Cnanjif. rend. Ixx. 639), nitrogly’cerin, dynamite, iodide oF 
nitrogen, and chlonde of n&ogen explode in a vessel containing orone. ^owaer 
*nade with potaasium piczate docoihposw slowly under the same circumstances; 
®^*naiy gunpotrder alters considerably in the course of six weeks. 

^Atmospherie Omme, see Atmosphubb (p. 118). 
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Qonip-Besanoz finds that tho air in tbe neighbourhood of graduation-houses for the 
evaporation of saline springs, is more highly charged with ozone than ordinary air 
{Ann, Ch. Vharm. clxi. 232 ; Che7n, Soe. J. [2], x. 384). 

. The to-called *AntozoneJ — ^This supposed modification of oxygen is formed, according 
to Houzeau {Jahresh. f. Chon. 1855, 286), and Schoubcin, (ibid. 1861, 9G), by the 
action of strong sulphuric acid ou barium dioxide ; according to Meissner (ibid. 1863, 
106), simultaneously with ozone, by olectriaatiou of oxygen. On the other hand, v, 
Jlabo (ibid. 1863, 135), and Woltzion (ibid. 1866, 106), found that tho supposed 

peculiar modification of oxygon thus produced was nothing but hydrogen dioxide ; 
and this conclusion has lately been confirmed by an elaborate series of experiments 
made by -Engler n. Nasse (Attn. Ch. Pharm. cliv. 215 ; Jahrcib, 1870, 210). 


p 


PA&&A2I1VM. On alloys of Palladium and Lead, soe Lvad (p. 729). 

Ou llydrogPTiised Palladium, see IlYDRoaEN (p. G58). 

Palladio Cbloride, PdCl'. Double salts of this chloride, analogous to those of 
platinic chloride, have been prepared and examined by H. Topscie (Chon. Centr. 1870, 
681). Tho potassium and ammonium salts are obtained as crystalline precipitates on 
nnxing p.nlhidic chloride with potassium or ammonium chloride; tho other compounds, 
w'hich are ea.sily soluble, arc obtained by mixing tho respective solutions and evapora- 
ting over sulphuric acid, ti\king care that the liquid is always saturated witli chlorine. 
These double siilts are very unstable ; those of the magnesium series give off cliloriiiis 
oven on kwjping or on solution in water, wliereas those of tho alkali-metals do not 
decompose till tlicir solutions are heated. They have a crimson colour. 

The following have boon prepared : — 


PdCP.2NH^Cl : 

PdCP.2KCl: 

PdC1^2MgCP+6H*0: 

PdCP.2NiCP + 6H20: 

PdCP.2ZnCl*+6H*0; 


Regular. Combination, 0. ooOoo. Sp. gr. =2*418. 
Regular. Combination, O.ooOoo. Sp. gr. »2‘738. 
Deliquescent. Hexagonal. Combination, ooPoo nndK 
of 127°. Sp. gi*. «2*]24. 

Deliquescent. Hexagonal. Combination, ooPoo and B 
of 127° 14'. Sp.gr. -2*353. 

Isomorphou.s with tlio two preceding. B of 127° 10^ 
Sp. gr. = 2*359. 


The analogy of these salts ivith the platinic double chlorides is exhibited by the 


following comparison : — 

PdCP.2NH*Cl . 
Pda«2KCl . 
PdCl^MgCl®-^6H*0 
PdCP.NiCP + 6H*0 . 
PdCP.ZnCia+0H*O . 


147-1 

145*3 

212*6 

206*7 

208*0 


PtCP.2NH^Cl . 
PtCP.2KCl 
PtCP.MgCP+6H*0 
PtCP.NiCl»+6lPO 
Pt0P.ZnCl* + 6H®0 


148*6 

136*2 


206*3 

214*8 


Oasldes. When a sulphur-salt of palladium is fused with a mixture of poti^iuin 
hydrate and nitrate, a dark brown-black powder is formed, consisting of an <»d8 of 
palladium, which is reduced to the metallic state by strong and prolonged ignition, and 

g ives up variable quantities of palladium to nitromuriatic acid, leaving an oxide h^ng 
10 composition Pd^O*. Or perhaps 4PdO.PdO*. This oxide ih iu>t deoompow ^ 
nitromimatic acid, but is easily reduced by hydrogen. When ignited over on ojdinsiy 
gas-burner it gives off its o^gen but slowly, the reduction being complete only alto 
strong and prolonged ignition. Under the microscope it present the 
perfe^y homogeneous light-brown lustreless powder (R. Schneider, * 

610). 

Solj^ildMi. The bisulphide j PdS^ is formed by decomposing sodium 
pnlladate, Na*S.PdS* (infra) with hydrochloric acid. After drying it forms a dgs 
black-brown rather dense eiystalline powder, exhibiting und« the ■ 

acicular form of the snlphopalladate from which it has been sepazAted^ It is 
nentln the air. When moaerately heated (in carbon dioxide) it yields a 
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Bublimate of sulphur, imd is converted fint into monosulphido, then at a higher tom- 
poraturo into the hemisulphide. The bisulphide is slowly dissolved by nitric acid, 
quickly and completely by nitromuriatic acid. 

The hemisulphide t Pd®S, is also produced by fusing an intimate mixture of 1 pt. 
ammonio-palladipus chloride (or J pt. palladium monosulphide), G pts. of potassium 
carbonate (or an equivalent quantity of sodium carbonate), 6 pts. of sulphur and 3 pts. 
of sal-ammoniac, for ld-20 minutes at a bright red -heat. On treating the fused mass 
with water, and washing away tho potassium-palladium sulphopalladato formed at 
the same timo, the hemisulphide remains ns a fused regains. It is rather hard, 
very brittle, and easily pulvorisocl ; the powder is .ash-grey. On recent fracture- 
surfaces it exhibits a rather briglit metallic lustre, a whitisli-groy colour, and a fine- 
grained crystalline structure. Sp. gr. =7*303 at 15° It is not attacked by acids, 
and but very slightly even by nitromuriatic acid. At a red-lieat it melts slowly, gives 
off sulphur, but still retains some of that substance even after prolonged ignition. It 
behaves in tho same way when heated in a stream of hydrogen. 

^Sulphide or "Palladium SulphopalladatCt Pd*S* (see below). 


SidpliOpBlbidateB (R. Schneider, Pogg. Ann, cxl. 519; cxlviii. 625; J. pr. Chem. 
[2], iii. 103).^ Sodium Sulphopalladaie^ Na‘‘'S.PdS-, is formed in thin brown 
needles by fusing 1 pt. of ammonlo-palladious chloride (or J- pt. palladium monosul- 
pliido) with 6 pts. of dry sodium carbonate and 6 pts. of siilphiip, and treating tho 
coarsely-poundod fused mass with absoluto alcohol (out of contact with tho air) till 
tho sodium polysulphido is completely dissolved out. The remaiuder is a mixturo of 
sodiiim sulphate with tlio sulphopalladato, Na®S.PdS®. 

Tills compound forms thin needles partly somowhab flattened, haring a brown colour 
or (especially in tho larger specimens) radish lead-grey on the surfaco, and a faint 
iiiftlnllic lustre. Very thin layers appear traiislucont with red-brown colour under tho 
microscope. The streak-powder is yollowish-bi'own. Tho aqueous solution, when 
exposed to tho air, soon deposits palladium sulphide. 

Silver Siflphopalladate, Ag'S.PdS*, is formed by adding the sodium salt just 
described to an alcoholic solution of silver nitmto, diluting with water and stirring, 
and finally treating tho black-brown crystalline powder with uqueous silver nitrate. 

Poiassittm • palladium Sulphopalladaie, K®Pd*S* =» lC®Pd'*(Pd*)''S* =* 


K-S ^S-Pd 

^ I . This salt is produced by fusing 2 pts. nmmonio-palladioiis 

chloride (or 1 pt. of ordinary palladium sulphide) with 12 pts, of potassium carbonate 
and 12 pts. of sulphur. On treating the fused mass with water, the double sulphur 
salt remains undissulved, while potassium polysulphide is dissolved, together with 
potassium sulphopalladate, which has not yet been isolated. 

Potassium-palladium eulphopalladato forms very thin six-sidod cij'stallino laminm, 
haring a bright metallic lustre and n splendid blue colour. It is insoluble in water, 
whether cold or hot, Thd crystals, heated out of contact with the air, acquire a vortical 
movement, and at a strong red-hoat split with faint sparkling into smaller fragments, 
without separation of sulphur or of gas. Heated in a stream of hydrogen, they de- 
compose, apparently according to tho equation : 


2K«Pd»S^ + 4H* - 4H*S + 2K*S.FdS* -H 5Pd; 


ontr^tingthe residue with water, the basic potassium sulphopalladato, 2K*S.PdS*, 


Palladium Sulphopalladate, Pd»S*-2Pd8.PdS**Pdt 




Pdt 






:;Pd, 


IS formed by treating potassium-palladium sulphopalladate with hydrochloric acid, die 
ction apparently taking place by two stages, in tho first of which the potassium is re- 
placed by hydrogen, yielmug the compound, H®S.Pd®S.PdS‘-, which is then acted upon 
y atmospheric OJ^gon in Uie manner represented by the equation : 


H*S.Pd*S.PdS* + 0 - H*0 + 2PdS.PdS^ 

The priUaium Wsnl phide in this compound exhibits nearly tho same properties ns 
bi»?? v-i® Btate, By strong ignition in the air half of tlie sulphur of tho 

noli j?® “ driven off in combination with oxygen; and tho residue consists of 
monosulphide, which as thus obtained is a blackish-grey crystallino 
tier very little acted on by nitromuriatic acid. 
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p^jPdS^-^When two molocuks of 

silver nitrato in dilute aqueous solution are added to one molecule of potasaium- 
alladium sulphopalladate suspended in water, the latter salt loses its blue colour 
ecomes whitish-grey, and at the same time an amount of potassium nitrate equivalent 
to that of the silver nitrate used is formed. A now salt is also produced, which, how- 
ever, contains varying amounts of finely divided metiUic silver. But by using a dilut e 
ammoniacal solution of silver nitrato, and treating tlio product with cold nitric acid for 
a short time, silver-palladium sulphopalladate is obtained in whitish-grey metallic, 
looking hexagonal plates having tlio composition above given. It is charficteriscd hy 
great 8 tiibility, not being .acted on by water, ammonia, potash, or oven boiling hydrochloric 
acid. The residue, after heating out of contact with n.ir, is partially decomposed by 
boiling nitric or nitronuiiiatic acid. Heated in the air it absorbs oxygen, the icsidiio 
when heated with water yielding silver sulphato, but no piilladium salt. On heatiug 
it in a stream of hydrogen, sulphuretted hydrogen is evolved. Boiling nitric acid re- 
moves all the siLveivan(t a part of the palkuiiuni from tlio residue, a grey erystalliuo 
powder remaining, -which is probably palladium subsiilpliido. 

PAXilME Oudemans {J. fr. Cfiem. [2], ii. 303) has examined the fat of palm 

kernels, by saponifying it with caustic potash, separ.ating tlio fatty acids with sulphuric 
acid, washing with water, and ilistilling for ii long time witli water ; 'thou — (1) salu- 
rating the distillate with baryta and analysing the barium salt; (2) dissolving the 
residue of the distillation in alcohol, mixing tlio solution with water, and crystallising 
out the fatty acids by exposure to a low temperature. Thoso acids were separated hy 
Heintz’s method (iii. 1070). To separate the oleic acid, the soap-solution was pro- 
cipitated witli load acetate, the air-dried precipitate treated ivit li ether, the acid sepa- 
rated from the ether-solution by hydrochloric acid, and then distilled in a stream of 
hydrogen. In this manner the folloudiig results wero obtained : — 

Triolein . . 26-0 p.c. Trilauriii 

Tristentin ( Tricapriii 

Tripolmitin • . 33*0 p.c. 4 Tricaprylin 

Trimyristicin ( Tricaproin 

VAFAVBlUnrS, (Hesso, ZeitscJir.f, Chem, vii. 641 ; Ann. Ch. Pharm. 

Suppl. viii. 261). Respecting the separation of this base from the other alluilo'ids of 
opium, see Suppl. 806, and p. 876 of this volume. 

Papaverine dissolves without colour in strong mlpUuric, acid, provided that no rise 
of temperature takes place ; but when strong sulphuric acid is poured upon crystals of 
the base, the heat produced by the reaction is sufficient to give a faint purple colour 
to the crystals and the solution. Witli sulphuric acid containing ferric oxide, the 
coloration is not so strong as with the pure acid. A recently prepared solution of 
papaverine in sulphuric ticid gives, on addition of water.amilky turbidity or a resinous 

S rccipitate which is quickly converted into colourless crystal^of papaverine sulphate. 

o other alkaloid of opium exhibits this reaction ; the solution of pseiidomorphine m 
strong sulphuric acid also gives a procipitato with water, but it i.s ciystaliine. When 
a solution of papaverine in strong sulphuric acid is heated, it assumes a dark tiolet 
colour, and on subsequent addition of water, deposits dark brown amorphous fl^8 
which aro nearly insoluble in dilute sulphuric or Jiydrochloric acid, also in ether, 
alcohol, and water, but dissolve readily in strong sulphuric acid, potash, and ammonia, 
with splendid purple-rod colour, and are re-precipitated from tlio ammoniacal solution 
by acetic acid. The purple-red basic solution possesses groat tinctorial power. 

^Papaverine hydrochiarvU, C2*H**NO*.HCl, obtained saturating the alcoholic 
solution of the base with h^rochloric acid, forms large pnsms having an acid ronc- 
tion, soluble in 37*3 pts. water at 18® ; when dissolved with aid of heat, it is very op 
to form BupersaturatM solutions, , . . 

£, L. Mayer (jDeuf. Chem. Gee, Ber, iv. 128) states that when this salt is 
a short time with zinc chloride at 126®, it is converted into the salt, 
by elimination of 1 mol. H*0 from 2 mol- of the original salt. According 
however, this supposed new derivative is nothing but papaverine hydrochloride.^ ny 
prolonged action, of ziiio chloride, especially at a high temperature, the molwule is u * 
composed. Papaverme plaiino-^hloride, 2(C**H®*N6^,HCi).PtOB + is a 
preenpitate made up of small prisms. The nitrate iorms large priisms. The am r * 
tratsjB easily soluble. The acid oxalate, formed fipoiji oxalie acid and the base* 
tallises in white prisms, easily soluble in hot alcohol, sparingly in cold ^ohol j i P 
dissolves in 388 ]^s. water at 10®. The base iq completely preoipitaAed from W 
tions by oxalic acid. 
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mtropapftTaiiAeff C**H^(N02)N0*, is prepared by heating 1 pt. of papaverine 
with about 10 pts. nitric acid of sp. gr. I'OO to the boiling point, docomposing the 
Ditropaparerine nitrate ’vluch separates on cooling, witli ammonia, dissolving the 
gepoj^ed base in hydrochloric acid, precipitating it as sulphate, separating it from 
this salt by ammonia, .and rocrystallising from boiling dilute alcohol. During ro- 
crystallisation and dzying it must be kept in the dark, as light colours it yellow. 

Nitropaparerino generally forms pale^ yellow prisms, felted together to a woolly 
jfiass ; better developed prisms are obtained by ciystalliaation from strong alcohol. 
When crystallised from dilute alcohol or precipitated by ammonia, it contains 1 mol. 
water which is given off at 163®, the melting point of the base, which at the Kiiiio 
time acquires a yellow or brown colour. On further heating it quickly gives oif gas 
and detonates. Nitropjipaverino dissolves in 3,100 pts. ether at 12® ; sparingly in cold 
nlcohol ; with moderate facility in boiling alcohol ; sparingly in boiling benzene ; 
easily in chloroform ; not at all in water, potash-ley, or ammonia. It is tasteless, and 
does not redden litmus ; its salts have a bitter taste and acid reaction. Acetic acid 
dissolves the baso with difficulty, and only wlien employed in large excess. Strong 
sulphuric acid dissolves it in the cold with yellow, at ISO® with a dirty dark brown 
colour. 

Nitropapaverine AyrfrocAterttfc, C®^H”(NO*)NO*.HCl+ UH®0, forms pale yellow, 
silky, delicate prisms ; dissolves in 288 pbs. water at 16®, freely in boiling water and 
.ilcoliol ; easily forms supersaturated solutions. With mercuric cMoride it forms q 
yellowish amorphous double salt, insolublo in cold water, moderately soluble in hut 
water and hot alcohol.s. The platino^Jdoride, 2(C->)D‘‘(NO’0NO*.HCl).PtCD, is a 
yellow crystalline precipitiito, soluble iii water and in dilute acids. Tho aurO‘cMoridii 
is a yellow amorphous procipitiito, very slightly soluble in boiling water. 

Tho forms yellow prisms Islightly soluble in water. Tho hydriodid^^ 

C‘*H““(NO®)NO*.HI, is precipitated by potassium iodide from a hot dilute solution of 
the hydrochloride, in rectangular biminae or short prisms having tho colour of load 
iodide, very slightly soluble in hot water. 

The nitrate, C'’H®®(NO®)NOVNO*H + H-O, is obtaiiiod by adding sodium nitrate 
to the hot dilute solution of tho hydrochloride, and rocTystallising tho precipitate from 
hot water. It likewise separates instantly on mixing the concentrated solution of tlie 
acetate witli nitric acid, as a gelatinous precipitate, which is quickly convortod into 
lino prisms. It is sparingly soluble in boiling water, and almost insoluble in cold 
water. 

PUUTXirSg BoUing Tho boiling points of tho normal 

paraffins, that is of those whoso carbon -atoms form a single chain, aye as follows 


Butane, C'H" . . - . 

Boiling point 

1® 

DifTerenco 

Pentane, 

. 38 

37® 

Hexane, C«H‘V 

. 70 

32 

Heptane, C’ll* 

. 99 

29 

Octane, C*H‘* . 

. 124 

25 

Dodecane, • 

. 202 

4 X. 19 

Heodecane, C«H=» . 

. 278 

4 X 19 


From tliis it appears that tho boiling point is not raised 31® for each addition of CH , 
as formerly assumed, but that from the lower to the higher terms of tho senes tho 
difference between the boiling points decreases by 4®, till it becomes the well-known 
dif&ronco of 10^ (Schorlemmer, JProc. Bay, Soc, xvi. 367). 


On the Befraction-equivalonts of tho Paraffins, soe Lioiit (p. 740). 

Action of C%fcn«e.— When chlorine is passed into a liquid paraffin, a portion of the 
monochlorido first formed is always fUrthor acted on by tho chlorine before all the 
hydrocarbon has been attacked; but the formation of such higher c^hlorides “jy 
almost completely avoided by bringing the chlorine in contact witJi the of too 
boiling liydrocarbon ; the monodilorides, being less volatile than tho higher chlondos, 
condense at once, and are thus brought out of the roach of an excess of chlwine. 

^When any paraffin higher than ethane is thus treated wilh <^blorine, tsro mono- 
chlorinatod derivatives are obtained, a primary and a ®®condaiy;; and the^ 
heated with potassium acetate and glacial acetic acid, 


‘“B wMBte*. Hoitber tba empno*. nor uia 

one anotber by ftactional dietiUetion, but by heating the mi«d acetntee witn 
the, into aptimary and a PJka 

'rflidi nayte Tery completely efflwted by fractional dietaltation (SchOTlemroet, F tl. 
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Trans, 1872, jp. Ill; Ann, Ch, Tharm, cljd. 263; Chm, Soc.J* lU 1038; xi,3]fi), 
Soo further, I»zanb, 11eftak]s, and Octabb, in this volume. ^ 


Fimmiwn of defines from Paraffins . — Any paraffin whatever,. ex6opt marsh-gas is 
theoretically Tesolyable into a paraffin of lower order, and one or more olefines, accokl- 
ing to the general equation : 


Far example, 


C«+PlI2n+ap+3 « C"!!®**'- + CpH®p. 

+ CH* 

« C*H» + C-H* 

« C*H« + C*Ii« 

-= CH* + G*H'» 


One example of this decomposition lias long been known, viz. the resolution of butane 
into ethane C*H* and ethone C‘*H*, in the iiction of zinc on ethyl iodidtf, whereby 
butane is first formed according to the equation 2C*H*I -t- Zn ■:> Znl* + and 

then decomposed in the manner just mentioned (Isi! Suppl. 706) ; and it has lately 
been shown by Thorpe a. Young {Ann. Ch. Pkarm, clxv. 1 ; Che^n. Roc. J. [2], ix. 
342 ; X. 802) that solid paraffin, exposed to a high temperature in a closed vessel, is 
almost completely resolved, with evolution of but little gas, into liquid hydrocar])ons. 
This conversion is readily effected on a small scalo by sealing up a few grams of solid 
paraffin into a U-tubo of hard glass surrounded by wire-ganze. The limb containing 
the paraffin is gently heated in a combustion-fnrnace, and as soon as it has distilled 
over, the gas is turned down, and the tube when cold is reversed, and the piriifliti 
distilled again ; on repeating this process, tlio paraffin becomes softer and softer, and 
at last remains liquid. AVlicn solid paraffin ts heated under the common pressure ia a 
ves-sol eonnected with inverted condensers, it is not altered, and fiirtlier, it appears 
that only the higher members of tbo pamffin scrias undergo this decomposition. Thus 
a mixture of paraffiiis and olefines boiling at about 225° was not at all changed by 
treating it as above described. 

To gain further insight into the nature of this decomposition, kilogmins of 
paraffin from shale, molting at 46°, and composed of 80’ 14 p.o. carbon and 14-81 
hydrogen, were heated in an apparatus consisting of two wronght-irou mercury bottles, 
connected by a bent iron lube provide<l with stopcock and valves. One of those bol tles 
was charged with the paraffin and heated over an ordinary coal fire, tlie heat being eo 
regulated as to produce a pressure of 20 to 25 pounds per square inch in the apparatus; 
the otlior bottle served as a condenser to receive the volubilised products. The opera- 
tion was completed in four or five hours. 

Tlio liquefied {^dueb thus obtoined amounted to 4 litres of liquid hydrocarbons, 
consisting of a mixture of paraffins and olefines. This mixture was fractionally dis- 
tilled, tho separate fractions were treated with bromine, and the bromides 
were separated from tho paraffins If tlie bromides decomposed during d^is- 

tillation, they wore converted into the brominated derivatives C’’H*“Br by boiling with 
alcoholic potash. 



Boiling point 

Speoifla gravity 

Pentane, 

. 35- 37° 


Hexane, C*H** 

, 67- 68 

0*6631 at 18° 

Heptane, 

. 07- 99 

0-6913 „ 18-6 

Octane, C"H'" 

. 122-125 

0*7166 „ 16-6 

Honane, C*H*® 

. 147-148 

0*7279 .. 13*5 

The brominated products obtained were : — 



. 184-188° 


C*HWBr* . 

. . 196-200 

1*6967 at 20° 

C»H«Br* . 

. Decomposed when heated 

1*6146 „ 18-6 

C*H»Br . 

. 186-190 


G*H»Br . 

. . . 208-212 



Tho chloride, boils at about 236° with deoomposition. 

A paraffin of high boiling point obtained in tho distillation of puraiuu-vi* 
head coal is described by jT Qalletly UJh&tn, Nms, xxiv. 227). It looks bko . 
wax, but » crystalline and does not exhibit a conclioidal fracture. ^ ^ 

80°, boils at a red heat, and is partly resolved by distillation into liquid hydrocai^ 
- * “ i in benzene is less, and its specific Mfavity is 


The solubility of paraffin i ^ 

higher itf melting point, cm nmy be seen from the following table 
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MelUng 

point 

Quantity of Paraffin 
deposited at 18° C. 
by 100 C.C. of rectified 
Benzene 

XMUng 

point 

1 

Spedfic gravity 
(water slOOO) 


grams 



36-0» 

133-0 

320® 

823*6 

49‘6 

60 

390 

848*0 

62*8 

47 

40*5 

852*0 

66-6 

1-4 

63-3 

911*0 

80*0 

0-1 

63-3 

909*0 



680 

924*6 



69-0 

924*8 



80-0 

9400 


Wltroparaffln®! Those compounds, isomeric with tiio nitrous 

ethers of the fatty series, are produced by the action of silver nitrite on the iodides of 
the alcohol-radicles, + > ; e.g. uitromethane from methyl iodide : 

c{P + AsNO« =. Agl + 

They have tlieir nitrogen-atom in direct combination with carbon, and in accordance 
with this constitution they are converted by nascent hydrogen into amines ; e.g. 

c{nO. + If =. 2H«0 + 

Nitromctliiina MetbylaTnino 

The nitrous ethers, on the other hand, which are formed by the action of niti'oiis 
acid on the corresponding alcohols, have their carbon and nitrogen united only through 
the medium of oxygon ; e.g. 

0jS“* . op . hHO . 

Ifetbyl Nitrons Mctliyl 

alcohol acid nitrite 


and are consequently converted by nascent hydrogen into the corresponding alcoliols 
and ammonia ; c.g, 

°1nO* + + ®|h^* 

(Meyer a. Stiiber, Petit. Chem. Ges. Per. v. 203, 399). 


MltrometbaBey GH*.NO^ (Kolbo’s Hitrocarbol), is formed, ns above mentioned, by 
the action of silver nitrite on methyl iodide. The action is very violent, and the 
whole of the methyl iodide is converted into nitromcthanc, not a trace of the isomeric 
methyl nitrite being produced (Meyer a. Stiiber, ifnd. v. 1029). It is also formed by 
heating potassium monochloracetate with potassium nitrite, the chloracotate being 
probably first converted into acetato, a change which is iiidict'itod by the yellow colora- 
tion of tlio solution, and the nitroacetate being then resolved into acid carbonate and 
nitromethano : 


CH*NO» CO*K + H*0 = CO 

(l&lbe, J. pr. Chem. m, v. 4271. 

"ittpmethane is a heavy oil hi 


^OK 

jOH 


CH».NO* 


^ having a peculiar odour and boiling at 99® (Meyer a. 

''-“ij"-'* (Kolbe). When treated with an alcoholic solution of soda,^ it 

yields transparent needles of the sodium-derivative, CH*NaNO*, the aquMUs solution 
gives characteristic precipitates wiA various metallic solutions (p. 896) 
IMoyer a. Stiiber, Pent. Chem. Ges. Per. v. 614). Vr\th*alcokolw soda, nitrometliane 
1 * Pl^ipitate which has the composition CH*Na(NO*).0*H®0, and loses the 
ethyl alcoliol when kept over sulphuric acid. The sodium~compound may bo proserved 
riosed vessels, but decomposes quickly on exposure to the air; and its concentrated 
Weous solution decomposes spontaneously in a few minutes, with rise of temperature. 

corresponding mercurip-eompound is obtained by precipitating the Bodium-c<m- 
Poond with mercuric chloride, as a yellow powder, which 

^th fearfhl violence when touched with a glass rod (Meyer a. Billie^ ibid, v, 1029). i 
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With acet^ chloridef sodium-nitrometliane might be expected to yield nitro-acetona 
according to the equation : 

COCH-Cl + OH*Na(NO*) = NaCl + CH>.CO.CH*(NO*) ; 

but, on adding -water after the -violent reaction -was over, whito flakes separated out 
probably consisting of a condensation-product (Meyer a. Rilliet). 

Sodium-nitromcthanc, treated with ethyl cUorocaTommU in presence of absolute 
alcohol or ether, forms a brown oily body — not improbably ethyl nitroacetate— urhidi 
is carbonised by distillation (Meyer a. Billiot). 

Bromonitromethanea, — The •iiumohrominated compound, CH*Br.NO®, is formed 
by the action of bromine on dry sodium-nitrometliane. It is a limpid, heavy, very 
refractive liquid, boiling at 1 43^-144°, very caustic, having a pungent irritating smcil 
and acid reaction. 

VihromonitromethanCt CHBr^.NO^, is not easily formed. Tho best yield was obtained 
by cooling equivalent quantities of the monobromo-compound and aqueous potash w ith 
ice, mixing thorn rapidly, and pouring the solution into well-cooled bromine; some 
bromopicriri is formed at the same time. Bibromonitromethano is a colourless liquid 
having a very irrititing odour, and boiling with decomposition at 1&5°-160° (J. Tschcr- 
niak, Deut. Chnn. Gea. Bar, vii. 016). 

XrttroeUianei C®IBNO® = CIP.CH'NO®, is formed by the action of silver nitrite 
on ethyl iodide, and is easily obtained pure by distillation and rcctifleation in an oil- 
bath. Some nitrous ether is always formed at the same time, and about a fifth part 
of the ethyl iodide escapes decomposition, even when it is heated fur a long time in a 
sealed tube with excess of silver nilrilc. 

Nitroethane is a colourless, strongly refractive liquid, having an agreeable and 
peculiar ethereal odour, ftp. gr. « 1-0582. Boiling point, 111°-113° (ethyl nitrite 
boils at 16°). Tho vapour is inflammable and burns with a pile yellow flame, but 
does not detonate, even when heated considerably above its boiling point. By reduction 
-with iron and acetic acid it is converted into amido-othano (othylamino), 

(Meyer a. Stiiber, l)eut. Chem, Gea. Bcr: v. 399). With acetic anhydride it forms a 
crystalline solid molting at low toniporaturcs, and apparently consisting of nitro- 
ethyl-mothyl ketone, C*H^NO®.CO,CH® (Meyer a. Wiirster, 1020). 

When nitrocthano is dissolved in woll-cciolod fuming sulphuric acid, and tho mixture 
is gently heated, a very violent reaction sets in, gases being evolved and oth one- 
disulphonic acid being formed. 

A solution of nitrocthano in common sulphuric acid undergoes on standing a violent 
decomposition if the quantity of acid is not large. But by using an excess (about 15 
times) and working with small portions, a reaction sets in only when the liquid is 
boiled carefully for a few minutes. The products consist of acetic acid and a small 
quantity of another acid, forming an amorphous barium salt. The latter acid is pro- 
duced in larger quantity by acting on nitroothane with well-coolcd fuming acid for 
sevoral days (Meyer a. Wurster, iSid. vi. 1 168). 

Sodium-nitrocthanef C*H^Na(NO®) = CnNji(NO®).CH*, is easily formed, either by 
heating a solution of nitrocthane in anhydrous benzene with sodium, or by the addition 
of an alcoholic soda-solution to nitroethnne. In tho first case the sodium is converted, 
with -violent evolution of gas, into a white powder which, after washing with ether, is 
the pure sodium-compound. In tho second case the mixture becomes warm and nt 
once solidifies to a whito mass, which simply requires to be washed on the filter witli 
absolute alcohol, and to bo dried in the 'water-bath. Tho second method of prepara- 
tion also afford a ready method of detecting nitroethane ;x owing to tho slight solu- 
bility of the sodium-derivative in cold alcohol, even traces of nitroothane yield a pre- 
cipitate on tho addition of an alcoholic soda-solution. Neither alcoholic potash nor 
alcoholic ammonia produces a precipitate -with nitroethane. _ 

Sodium nitroothane is a white, apparently amorphous powder, which exj^lodos only 
at temperatures above 100° ; it is extremely soluble in water, acids precipitating un- 
changed nitroethane from the solution. The aqueous solution is not precipitated on 
the addition of barium chloride or lead acetate ; mercurous nitrate causes * 8^' 
silver nitrate, a white precipitate, the latter rapidly becoming brown and flnalljj^laj*i 
copper Bulphate produces a deep green, feme chloride a blood-red solution. On tn® 
addition Ox mercuric chloride, the solution solidifies, after a short time, to a maw o 
crystalline needles which have the con^sition HgClC*H*NO*, and may be regardea 

eithera8Hg|QlQ427Q2>orasIIg|^j^4^Q2 + HgOl* (M^er a. Stubor, v. 614). 

When an aqueous solution of sodium-nitroethane, or a solution 
caustic potash onr soda, is mixed with potassium nitrite and acidulated WW; 
acid, no hitroethane is precipitated ; but on agitating with ether, and Jsawng -, 
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etberoal solution to ovaporate, splendid crystals are obtained, grouped in druses like 
prohnite. These crystals consist of ethjl-nitrolicacid, C*H*NO*, or CH*.OO.NH. 
and their formation may bo represented by the equation : 

CH*-CH»(NO*) + NHO* « H*0 + CH».CO.NH.NO». 

TUe same compound is obtained by dissolving nitrootliano in alcoholic potash, add- 
ing sulphuric acid, agitating with other, and evaporating. In this case, part of tho 
nitroctlmne appears to givo up to the potash, forming potassium nitrite, which 
then acts on the remaining nitrocthano as above. 

Ethyl-nitrolic acid molts at 80*^-81*^, and quickly decomposes, giving off nitrogen and 
its totroxido, and leaving glacial acetic acid : 

2C=‘H*N*0» == NO® + N* + 2C®H*0®. 

The ethyl-niCrulates of potassium, sodium, ammonium, and bromine dissolve in water 
with deep red colour ; those of tlic heavy metals are coloured very unstable precipitates, 
rasily changing into nitrites. Tho lead salt has a brilliant orange colour, the silver 
salt is egg-yellow (V. Meyer, Deitt, Chem. Ges, Ber. vii. 425). 

Ethyl-nitrolic acid is the representative of a class of acids called nitrolic acids, 
having tho general formula, C"H®".N®0®. 

Uethyl-nitrolic acidf CII®N®0’*, is obtained from nitromethane, by a reaction similar 
to tho above, in small granular crystals (Moyor, ibid. vi. 1492). 

Bromonitroethanea (M-eyer a. Wurster, ibid. vi. 94 ; J. Tschoriiiak, ibid^yW. 916). 
—By adding bromine to soclium-nibroethane, a heavy oil is obtained, boiling at 162°- 
157°, and consisting of a mixture of nitroothane with its mono- and dibrominuted de- 
rivatives. 

Monobronwnitroethane^ CTI* — CIIBr^NO*), can be obtained nearly pure by a long- 
continued fractional distillation. It is a very heavy oil, smelling like cliloropicrin, 
and boiling at 146°-1 48° (Meyer .a. Wurster), 155°-1G0° (Tschorniak). It dissolves 
in strong aqueous potash or ammonia, with evolution of heat, and yields crystalline 
compounds with a concentrated soda-solution and alcoholic ammonia. Theso salts, 
however, always cont<aiu some mctiiUic bromide, and for this reason it is impossible to 
purify the crude monobroraonUrocthano by dissolving it in alkalis and precipitating it 
with acids, tho product thus formed having a less constant boiling point than the 
original substance, and leaving on distillation a residue, which decomposes with defla- 
gration and formation of a dense black smoke. 

Bibromonitro^ham^ CH*— CBr®(NO®), has no acid properties, and can easily bo 
obtained puro by treating tho higher-boiling fraction with potjish. It is a limpid, 
mobile liquid, having tho same pungent smell as tho monobromo-corapound, and boil- 
ing at 162°-164° (Meyer a. Wurster), 166°-160° (Tschorniak), 

Tho different degrees of acidity of nitroothane and its two brominjited derivatives 
are easily explained by their constitution, as represented by tho following formuhe — 
CH».CH-'(NO®) CH5.CHBr(N(j®) CH».CBr®(NO®) 

Nitroothane Mouubromonitroethane Dibromonitrocthane 

(weak ucld) (strong aoid) (neutral) 

Nitrocthaue lind its monobromo-derivativo contain hydrogen and nitrylinassocialioii 
with Uie same carbon-atom, tho hydrogen being therefore rendered replaceable by 
metals, in consequence of its proximity to tho negative nitryl ; both are tlierofore acid, 
but in the second the acid character is enhanced by tho introduction of another nega- 
tive radicle, viz. tlie bromine. In dibromonitroptliane, on tho other hand, both tho 
basylous hydrogen-atoms of nitroethano are replaced by bromine, and therefore the 
conqiound is neutral (Moyer a. Tschorniak, DeiU. Chem. Gee. Ber. vii. 712). 

Ifltropropanesi C®H®NO*. Normal Nitroj»ropane, CJEI® — CH*—CH*NO®, is pro- 
duced, together with propyl nitrite, by the action of propyl iodide on silver nitrite 
mixed with an equal volume of sand. It is a limpid mobile liquid very little heavier 
timn water, and boiling at l22°-r27°. Its properties are similar to those of nitro- 
ttliane. Its sodium salt gives characteristic precipitates with salts of the heavy 
metals (p. 896) (Meyer a. Rilliet, Bmt. Chem. Qes. Ber. v. 1029). On dissolving it in 
uquoous potash,, adding potassium nitrite and sulphuric acid, agitating with 
uyuporating, propyl-nitrolic acid, C*II*N®0®, or probably CIl*.CH®.OO.NO-.NIT, is 
obtained in long silky needles (Meyer a. Lochor, ibid. vii. 670). 

Monitroprovane, CH*-CH(NO*)-CH», is obtained, together with isopropyl 
i^itrite, in a sinulaT way as the other nitro-compounds. It boils at 112°-117°. Its 
^ium-compound is deliquescent, and more soluble than that of normal mtropro- 

When potassium nitrite and sulphuric acid are added to an alkaline solution of iso- 
?{fPPropan6, a deep blue liquid is obtained, which soon deposits a white sandy wys- 
powder, ieomerio wiS propyl-nitrolic acid, but not possessing acid properties. 
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Itiscalled has probably the constitution OH*.C^O)(NO=).CH* 

It is insol&le in urater, acids, and alkalis, almost insoluble in cold ^her, more freoly 
soluble in cold alcohol and chloroform, roculily in the hot liquids. ^ Its solutions hare 
a pure blue colour, and it separates on eimporation in white glistening rhombohedrons 
resembling calcite. When heated it melts \wth partial decomposition, forming n deep 
blue liquid' (Moyer a. Locher, ibid. vii. 670). ^ v • i. 

Tho heavy metals give, with the sodium-compounds of nitroniethanc, nitroothane, 
and the two nitropropanes, such characteristic precipitates that those reoctious may bo 
used for distinguishing Uiese iiitro-compounds, as the following table shows. Nitro* 
pentane does not form metallic compounds. 

JSeaoiio7is of NitroparafiiM with Metallic Salts (Moyer a. Chojanacki, 

Deut. Chem, Ges, Her. v. 1034). 

1 1 xromirir. cHInrido 1 Mercurous uitrntc 1 Ferric chlorida 


Dark brownish-red 
precipitate 

lllood-red 

coloration 

Blood -ml 
solution 

Blood-irod 

solution 



Mercuric chloride 

Mercurous uitrntc 

Sodium 5 

nitromethano } 

Light yellow 
pi’ecipitate; 
explosive 

Black flocciilont 
precipitate 

Sodium f 

nitroetliano '( 

White crystalline 
precipitate 

Dirty-grey 

precipitate 

Sodium iiitro- J 
propane (nornKil) j 

White crystalline 
precipitate 

Black flocculcnt 
precipitate 

Sodium nitro- 1 
propano (iso) ( 

White crystalline 
precipitate 

Black flocenlent 
precipitate 


Silver nitrate 



Sodium f j)gpp groon White gradually turning 

mtropropiine 0 solution precipitate brown 

(normal) \ 

^ ^ Light yellow 

bodium ( Peep green 0 precipitate, soon 

nitropropane \ 0 solution turning block 

0®O) I 

Nitroothane, as already ?dSSSn<KleriTa' 

iiiouobromo-derivativo which is more stro^ly ^jd tliim those which 

tive which is neutral. If other nitro-^raiftns behave 

contain a primary alcfjhol-radiclp will also yield an ^ yield only » 

dibrominated derivative, while those containing secondary radicl 3^ 

nentml jnonobrominatod derivative, thus — 

CH» CH* CIl’ 

iror(NO*) CH* OH* 

liTTi OHBrfKO*) CBr»(KO*) 

iMtaomoaltro. * 

pre^^neutnO) ““'JSST 

ThewmectheM Of this viewU sHoto by fSSd. b£>«*^ 

1 wot of taomine to » aolution of 1 Out « » 

potash, pw monobromisonitrppropane, CH*eOBr(au ).UJ1 , sopw 
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heavy, strongly refracting oil, boiling, after one rectification, at 148°-160°, and having 
a pungent smell. It is perfectly insoluble in strong potasli. 

When normal nitropropane is treated in the same way, a mixture is obtained, from 
vhich the neutral dibromo-compound can easily be isoiated by treating the highest- 
boiling fraction with strong potash. ^ It is an oily liquid, having a pungent smell, and 
boiling at 184®-186°. It is quite insoluble in ^kalies. ^ Tlio monobromo-compound 
I’lm only bo purified by continued fioictioual distillation ; it is a similar liquid, boiling 
tor the most part at 165*^-160°. It dissolves in potash with evolution of heat, and is 
sicparated again by acids (Meyer a. Tscliorniak, Jkvi, Chem, Ges, Bar. vii. 712 ; see 
farther Tschorniak, ibid. 916). 

xntro-Uotatane, C«H»(NO») = CH(CH*)‘»-CH*(NO*). This body was obtained, 
together with isobutyl nitrite, by acting with isobutyl iodide on a mixture of silver 
nitrite and sand. It is a pale-yellow light oil, smelling like peppermint, and boiling 
at 137°-140°. It is soluble in potash and reprecipitatod by acids, but does not give 
A crystalline compound with alcoholic soda, lly iron and acetic acid it is reduced to 
isobutylamine. It reacts energetically with sulphuric acid, forming isobutyric acid. 
(.)ii dissolving it in an equivalent quantity of pobish, and adding &omino, a liquid 
separates which appears to consist of unaltered nitrobutanc, monobromonitrobutane, 
iiiid dibromonitrobutaiie. This latter is a pungent oil boiling at 180^-185^ 
(E. Demoll, ibid. vii. 709, 790). 

Nltropentanep C“H"NO-, is formed by the action of silver nitrite on amyl iodide, 
tlio action being completed by the hont of an oil-bath. Dy fractional distillation of 
tbu product, portions wore obtained boiling at 148°-153°, 162®-lfi6®, and 156®-160®, 
tlio greater part passing between 150° and 160° (ordinary amyl nitrite boils at 95°). 
Niti-opontane is strongly acted on by iron and acetic acid, the product giving off an 
uninioniacal odour on addition of potash. Heated with aqueous pottish to 100° in 
sealed tubes, it gives a product from which sulphuric acid precipitates a heavy oil, not 
more than of which distils between 80° and 100°, and n small quantity above 160° 
(Meyor a. Stilber, ibid. t. 203). . 


See Aldbuyde (p. 33). 

PABA-OXTBlIxrSOXC ACKII- This modification of the acid is formed, 

together with ozybenzoic acid, bv the action of melting potash on potassium sulpho- 
bunzoatc. Slight variations in tlio mode of pre|)faring the sulphobeiizoic acid appear 
to influence the proportions of the two oxy-acids obtained from it; tho largest amount 
of para-oxybonzoic acid was obtained from sulphobenzoic .acid, prepared by exposing 
benzoic acid to the vapour of sulphuric anhydride, treating tlio agglomoratod mass, 
with fuming sulphuric ncid, and gently warming for a short time. 

Tho two oxy-acids cannot he separated by fractional ciystallisution, but a partial 
separation may be efiTocted by adding barium hydrate to tho solution of tho barium 
salts of the two acids, whereby basic barium para-oxybeiizojito is precipitated without 
any oxybenzoato, part of tho basic para-salt, however, remaining dissolved (Ira Romson, 
Zcitschr.f. Chem. [2], vii. 81). 

^Para-oxybenzoic acid is also formed, together wiOi anol or allyl-phonol (1^ Suppl. 
175), by fusing anothol witli potash (Ladonburg, A7m. Ck. Pharm.t Suppl. -idii. 87). 

>ABA80BBZ0 ACXD. Seo SoBBic Acid. 


. ^AUiTBIOnC ACXB. This name was given by Gerbardt to a supposed 
jWinorido of ethyl-sulphuric acid, tho barium salt of which was said to bo obtained by 
.boiling tho solution of tho ethyl sulphate (iv. 354). It h.TS boon shown, however, by 
hrlenmeyer (Ann. Ch. Phamt. clxii. 373) and by Scheibler (Deuf. Chem. Ges. Ber. v. 

that this supposed isomerido bas no existence, the two barium salts being per- 
fectly identical 


, This alkaloid, obtained from a cinchona bark, has been shown by 

'luckiger to bo identical with beberino (Is^ Suppl. 255). 


^ABTOabmi* C*H*»N. This alkaloid has been shown by Vohl a. Eulenberg to 
TO one of tho constituents of tobacco-smoko (soo Tobacco). 

»ATTm, C«H*WO -I- H*0. An alkaloid obtained from a white cinchona 
‘^k.lrom Payta in Peru (see Cinchona-basks, p. 347). 
^^*SMtaoiRO,or|rOimiO *O»S.C!'H»0’=C*H" COOII. t. 

0 ,,?’ J^pared by the oxidising action of chromic acid mixture on methyl-nonyl ketone, 
iw from rue-oil (p. 808), and purified byconversion into sodium 
Jy sulphuric acid, and MctiSiktion, forms a ifght oil wiiich boils at 248°-260° solii- 
complateiv at 0°, and melts ngain at + 7°. Its barium and caldwn prepared . 

3M 
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bj precipitating the ammonium salt with the eorresponding chlorides, and porified Vy 
reciTstallisation from hot -water, form colourless leaflets unctuous to the touch. The 
^rium salt is anhydrous. The copper salt is a light green precipitate insolublo eveii 
in toiling water, caking together to a resinous mass when heated in the liquid from 
which it is precipitated, melting in the dry state at 258°; it dissolves in alcohol \ntli 
deep green colour. The silver salt is a white precipitate nearly insoluble in boilinir 
water (Giesecke, Zeitschr.f. Chem, [2], vi. 429). ^ 

2. The normal acid, CH* — (Cfl'-')^ — COOH, called especially nonylic acid, is 
prepared from the normal octyl alcohol, CH* — (OH*)' — CH®OH, of Heracleam-oil,'by 
converting this alcohol into octyl iodide, tho latter into cyanide, heating the cyanide 
-with alcoholic potash, and distilling the resulting potassium salt with sulphuric acid. 
The acid thus obtained is a colourless oily liquid having a faint odour, solidifying to 
a* crystalline mass at low temperatures, and beginning to melt at +10°; the acid 
separated from the recrystallised silver salt melts at 12°-12-5°, solidifies at 11-6® 
and gives the same residts after distillation, solidification, and strong pressure. It 
lx>ils at 253°-254° under a pressure of 758*8 mm., and has a specific gravity of 0-006.3 
at 17'6°. It dissolves sparingly in water and distils slowly with aqueous vapour. 

The potassium^ sodium^ and am'nionmm salts form small pearly soilcs ; the first is 
dccomi^jscd by hot alcohol, tho third on warming its aqueous solution. Tho barium^ 
calcium^ copper^ sine, and lead salts separate in c:iprstals from their aqueous solutions; 
tho lead salt appears to be basic. Tho meihylic ether, C®II*'(CH*)0*, is a colour- 
less liquid of sp. gr. 0*8765 at 17*5® and boiling at 213°-214°. Tho etkj^ic ether, 
C*H*'(C*H*)0*, has a specific gravity of 0*8655 at 17'5°, and boils at 227°-228^ 
(Franchimont a. Zincke, Dent, Chem, Ges. Ber. v. 19). 

nbTTiii 

3. Isononylic acid, [CH.C001I (Kiililhom, Ann, Ck. Fltarm. clxxiil. 

319). This modification is obtained from methyl-hexyl carbinol (castor-oil alcohol) bv 
emverting tho alcohol into the corresponding cyanide, Cir'.CN (isononyl i}itril),and 
digesting this compound with alcoholic potash, -whereby it is first converted, by as- 
sumption of H*0, into isononylaniidc, CTI^'.CO.NH*, and afterwards into potassium 
isononylato *. 

C"H*^CO.NH* + KHO = NH* + C*H»'.CO*K, 

which, when distilled with sulphuric acid, yields isononylic acid. 

This acid is a colourless oil, almost- insolublo in water, easily soluble in alcohol and 
ether. Sp. gr. « 0*90325 at 18°. Boils at 244°-246°. Tho sodium salt is a ciystal- 
line mass easily soluble in water and in alcohol ; the potassium salt forms an nraor- 
phouB soap. &th these salts may bo salted out of their aqueous solution by addition 
of common salt. Tho ammonium salt is an oil insoluble in water, but soluble in alcohol. 
The eedcium salt, Ca(C*H"0*)* + H*0, soparates from hot water in masses of needles. 
The copper salt is a g^n precipitate, or a doughy mass which slowly becomes crystal- 
line. The silver salt is a white precipitato which decomposes when heated to 100° or 
boiled with water. Tho efhr/lic ether is a colourless oil boiling at 218°-2ld° and 
having a specific gravity of 0*86406 at 17°. 

Isononylamide, C’H'.CONH*, forms small needles or scales which volatilise with 
water-vaj^ur, molt at 80°-8l°, and dissolve sparingly in cold winter, readily in alcohol 
and ether. Its aquoous solution heated with mercuric oxide and allowed to cool, de- 
posits moTcuric nonylamido in tufts of needles molting at 117°-118® (Kuhl- 
nem). 

Felaigontc acid from oil of rue agrees in boiling point with isononylic acid ^ch 
more nearly than with Franchimont a. Zincko's nonylic acid, from which it also differs 
considerably in its melting and solidifying pointy and in the boiling 
ethylic ether. It is theroforo most probably identical with isononylic acid, whence it 

must .be inferred that cdl of rue contains isononylic aldehyde, | CH.CHO. 

nnrTAOnbOmantAirB, C>HC1* This compound treated with 
potash yields potassium chloride, and a potassium salt which crystallises in 
and probably has the composition (?Cl\COK (Hoch a. Kolbe, J. jpr. Chem. L-Jf 
iv. «0). 

On the action .of bromine on pcntachlorcthano, 
produced, see Oabbon CiiLORinss (p. 258). 

MHneMHnMnunnrn 03cn>a, C’H'aK). Sce finen, (^b (it «>*}■ 

See AHyLHy]ttWK(p..63). . 

CCl^ 8 n (UiWM 

cttxomBB (p. SWi 


wliorohy tho com^nnd 0*01*8^ >• 
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ySBCWTSf Fb^Cl’O.Ca^Cl^O.IPO. This minenil, originally found at Sonora 
. Mexico, where it occurs crysbillised in cubes (ir. 377), has also been found in 
South Africa, sometimes in very mi unto but confused ciystis, but genorally massive, 
or as a coating, or in veins, associatod with anglosite, corussite, and chloinrgyrite. In 
tliis as Mexican specimens, the blue colour changes to omerald-greon on 

bcabiogt reappears on cooling (Mnskelyne a. Flight, Chetn. Soc. J. [ 2 ], x. 1U31). 
paBlDOTBi Crystals of this mineral are formed, together with crysbils of 
•roxeno, by heating its constituents, silica, alumina, and magnesia, with calcium 
chloride (Lechartior, CompL raid. Ixxv. 487 ; Chem, Soc. J. [2], xi. 40). 
P 8 RX 0 DXBB 8 . See Iodides (p. 677). 

pSBOWBXZraf CaO.TiO^. This mineral, though belonging to the regular 
syritoin, lias been found by Hessenborg {Jahrh.f. Mincralogw^ 1871, 640) to be doubly 
refractive and optically uniaxial. As, however, a rtmsion of the angular measure- 
irniuts loft no doubt of the monometric character of the crystals, and as this result has 
been confirnied by G. vom Rath (P 0517 . Ann. cxliv. 595), the doable refraction must be 
attributed to an internal transformation of the substance. 

P 8 B 03 UBBB. Preparation by Electrolysis. — W. 'Wernicke Ann.^ cxli. 

109) bus prepared sovoral peroxides by subjecting metallic solutions to the action of 
atwo-ccll .Danioll’s battery, the pfjsitivc electrode being a plato of platinum, and tho 
mgJitivo consisting of two sheets of platinum, placed one on osich sido of the positive 
cliHJtrrxlu. 

An alkalino solution of load and sodium tartrate gave a brilliant, bluish- 
black deposit of rb0*.H*0,*8p.gr. 6*267. A solution of 1 pt. lead nitrate in 8 pts. water 
gave, by 36 hours’ treatment, anhydrous FbO®, sp. gr. 9*045. By treatment for a 
shorter time, or by using more dilute solutions, products are obtained containing variable 
qiwntities of water. It appears that the acid set-free at tho positive olectrc^e abstracts 
water from tho peroxide, for anhydrous lead peroxide placed in connection with the 
positive electrode in water containing a little soda, passed into PbO=.II"0. Thequp- 
tity of oxygen in tho oxide varies inversely as tho strength of the current, for by using 
six elements of Bunsen’s battery, pure hydrated lead oxide was formed. 

Manganese.— The preparation of manganese peroxide requires a weaker current The 
ncctatc and nitrate gave MnO'*.II*0, sp. gr. 2*564. 

Bimuth.-^Two elements of Dauiell’s battery gave, with a solution of basic bismuth 
iiitrfito in sodium tartrate, a black deposit of BiO%H*0, sp. gr. 6*671. 

An aqueous solution of cream of tartar and hydrated cobalt oxide with a 
lit tie soda gave Co*0*.2lPO, sp. gr. 2*483. 

Nickel. — ^A solution of nickel analogous to that last mentioned gave Ni*0* .2H*0, sp. 
gp. 2*744. 

taUBA. Tho rind, kernel, and fresh pulp of the Avocodo pear (Persea yratis- 
sim), which is eaten in Mexico as a cream with lime-juice, wine, and sugar, have 
been analysed by L. Glutz (Arch. Phann. [2], cxlvi. 114 ; Chem. Soc. J. [ 2 ], ix. 727) ; 
190 pUi. of the dried pulp contain 6*109 pts. of nsh and 1'353 nitrogen, 

FBBaUBPBDB or smiMOBB'f See Sulphides. 

PSASlTBPROOTAMa AOIBt C*N-H*S* (W. 378). This compound, treated 
in aqueous solution with phosphorus iodide (Lc. witli nascent hydriodic acid), yields— 
together with carbon sulpnido and hydrogen sulphide — the hyuriodido of sulphurea, 
vbich crystallises from hot water in waxy tabular plates ; 

C*N«II*3« + H* + HI » CS’ + CSffN».ni. 


Tho hydrogen sulphide is doubtless a product of the action of tho hydrogen iodide on 


. Persulphocyanic acid, treated with tin and hydrochloric acid, dissolves, with wolu- 
t'on of hydrogen sulphide and carbon sulphide, and forms tho stiinnochlondo of sui- 
phurea. 

Aniline, with the aid of hoaf^ dissolves about half its weight of persiilphocyanic acid, 
solidiflos to a grey mass, which ciystalliscs from boiling alcohol in nacreous scales 
“avjng the composition C»IPS*N» ; 

CWH*S* + C*H»K - S + 


urded as a biuret having its oxyfi^>n roplaced by 
rfK anJ IH by d»H^i8’'insolubIe in water, whether het or 
acid and basic properties. From solution in soda or ammonia it 
^Miochlorks aciillte hydrochloride, obtained by dissolving it in dilute aqueous 

5 5t2 
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ferric chloride, dissolves eadly in warm water, and c^stallisos in needles., With 
^atinic chloride it forms a do « ole salt which crystallises in noodles; 
chloride and mercuric chloride white procipitatos. The oxalate^ nitrate, and sidph. 
cyanate are sparingly soluble ; the sulphate is easily soluble (L. Glutz, Ann, ChPhami 
cliv. 39, 44, 48). 

According to A. Fleischer {DeuL Chem, Ges. Bcr. iv. 100), an alcoholic solution of 
persulpliocyanic acid forms with silver nitrate a yellow precipitate, with morcuric chlo- 
ride a white precipitate. On boiling it with mercuric oxide, the solution on cooling do- 
posits a beautifully crystallised mercury salt. With iodine very fine crystals am 
obtained, having a peculiar golden-yellow lustre. 

PBRTKIOSU&PBASTBTDSZDB. See Persulphide of Hydrogen, under 
Sulphides. 

PXTA&ITB. The crystals of petalite from Elba have been described by G. vum 
Hath, and G. Striiver {Jahrb, f. Mincralogie, 1870, 690). The axial riitio a: blc ^ 
l'ld342 : 1 : 0*743686 ; aiiglo ac '=122^ 26'; whence ooP : ooP =86° 20'. 

PBTBOXJBUXS. On the Physical Properties and Heating Power of different 
Petroleums from Kussia, see II. Sainto-Cluiru Hevillo (CompL rend. Ixxii. 191: Ckem. 
Soe. J. [2], ix. 463). 

On tno Hydrocarbons from tiro Petroleum of Pcchelbronn, see J. Lo Bol (Compt. 
rend, Ixxiii. 409, Ixxv. 267; Chem. Soc. J. [2], ix. 1025, x. 886). 

On the Hydrocarbons of Pennsylvanian Fctroleum ; H. Byasson {Compt. rend. Ixxiii, 
600; Chem. Soe. J. [2], ix. 1024). 

On the lufiuonco of Sunlight on Petroleum Oils : Grabowski (Pkarm. J. Trans, [3], 
ii. 228 ; Chem. Soc. J. [2], ix. 1025). 

On the Determination of the Igniting Points of Petroleum Oils ; B. II. Paul {Chciii. 
News, xxi. 2) ; F. 0. Calvert (ibid. 85) ; List ( Wagners Jahreshericht, 1870, 708) ; 
Van der W^do {Zeitschr. anal. Chem. xi. 338 ; Chem. Soc. J. [2], xi. 532). 

On Petroleum Exploration in Gallicia and America, sco A. Fauck {Dingl. pot. J. 


Gliicinuni silicate (iv. 387). — This mineral quickly loses its colour 
by keeping. A dark wino-yollow crystal was obsorved by ICokscharow {Jahrb, J. 
mintralogie, 1870, 103) to become perfectly colourless in two months. 

PKBBTAGOBrZG AGZB. Tliis name was given by Carius to an acid isomnric 
with aconitic acid, obtained by the action of bsirvta-wntor on trichloropheuomalic acid 
(Is^ Suppl. 904). Subsequent researches have shown that it is identical with funuiric 
acid, G*H^O^(Dea^. Chem. Ges, Ber. iv. 928 ; Chem. Soc. J. [2], x. 144). 

PBBB'ABrTBBBira« A hydrocarbon isomeric with anthracene (p. 84). 

PBBBOXiy C*H*0 as C®n*.OH. Phenyl alcohol. — 1. A small quantity of tliiu 
compound is formed, together with glycerin-ether and other products, when glycerin 
is distilled with calcium chloride' (Linnemann a. v. Zotta, Ann, Ch. Phann., Suppi. 
viii. 254); 14*8 kilograms of glycerin thus treated yielding 250 grains of glycerin- 
ether, (C*H*)®0*, and 18 grains of pure phenol (v. Zotta, ibid, clxxiv. 87). It appears, 
also, to be produced when glycerin is heated with zinc chloride or hydrogen-potassium 
sulphate, and by the action of a concentrated solution of potassium hydrale ou glycerin- 
ether. 

2. Dusart and Bardy rend. Ixxiv. 1052) assort that monwhlorobenzeiie, 

C*H*C1, is converted by heating with aqueous sodium hydrate at 800® into phenol. 

3. According to Lioben (Awi. Ch. Pharm., Suppt. vii. 240), the first fraction of the 
distillate from horse’s urine contains phenol. It may be separated from the iodofi^- 
yielding substance always furnished by urine, by distillation with a little 
hydrate, and obtained from the residue by ^stilling with sulphuric acid. Hoppe* 
Seyler(C6wi. Soc, J. [2], x. 628, from ^vge^s Archie, f. Physiologic, v.47p)contoJ 
this statement, and the earlier obmrvations of Staedolor and .Buliginsky, ton 
Tdienol can be obtained from urine by distilling it with sulphuric acid ; he cont^w, 
however, that phenol is not originally contained in urine, but is formed by tho sow 
of the snlphunc acid, probably from indican. Similarly.^Landolt^s^obsen^wn ^ 

) the 


jbromine-iroter precipitates dirwtly from nrine tribromo^honol, or at any w*e afluh- 


staneo which yfelds jhenol when treated with sodium-amalgam, does not y 

pre-existence of phenol, because other substancos, sncli as the 
with bromine-water either tribromophenol or bodies which, oii reduction, 
.phenol. ^ ^ ^ 

Seadi^, — 1* Landolt recommends bromine-water as the most dehoite lost 
•mall QMntities of phenol (Deut, Chem, Ges, Ber, iy. 770). When addsd 
dilpte pButral cw faintly acid solntion of phenol, this reagent prodnc^s an 
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hvX^y yellowisli precipitate of trihromoplieiiol. In order to ascertain wlictlicr tlio 
Drocipitate is tribromophonol, it is filtered off, and after washing is warmed gently in 
‘ test-tube with sodium-amalgam and water ; the liquid is then poured into a small 
dish and acidulated, when, if phenol be present, tbo characteristic odour is at once per- 
ceived. and oily drops arc seen iloating in the liquid. By this reaction 1 j^rt of 
i.hisnoi in 43,700 of water may easily bo detected. Pnra-oxybonzoic acid, however, 
also yields tribroinophenol, and salicylic acid is converted into dibromosulicylic acid, 
which furnishes phenol with sodium- amalgam and water; other members of the phenol 
frroiiP also fhrnish similar precipitates witli bromine- W'ater. 

^ 0 . Phenol solutions, boiled with a solution of merenrotts jiitraifi, assume a deep red 
colour, the production of which is duo to the presence of a trace of nitrous acid; much 
nioro than a trace of this acid renders the colour indistinct. Tlie reaction is very dis- 
tinct witli goTjooth of plionol, and is still apparent w'hen only is present. Sali- 

cylol and salicylic .acid behave like phenol (Plugge, Zfiilschr, anal. Chem, zi. 173). 

3. A solution of phenol when mixed with one-fourth its volume of ammonia and a 
few drops of bloaching-powder solution (1 to 20 of water), and then warmed but not 
boiled, assumes a blue colour (green in very dilute liquids), becoming red on addition 
of sulphuric or hydrochloric acid. Solutions containing 4 _^th of phenol give a strong 
l.luc reaction (Salkowski, Zninehr. anal Chem. xi. 316). 

4. The behaviour of sodium- and potassium-phenol with carbonic anhydride hAs'bQm 
studied by Kolbo (J. pr. Chem. [2], x. 89). The action of carbonic anhydride on dry 
M^dinin phenol commences at a temperature below 100°, but is most rapid and complete 
111 about 170°- 180°; on raising the temperature |?r.adually to 220°-250°, phenol distils 
over equivalent in amount to one-half the sodium-phenol. The operation is ended 
wlion plionol ceases to come over ; the residue then consists entirely of disodium sali- 
cyl.ate. The reaction appears to consist in the formation of 1 mol. of phenol and 
1 mol. of di sodium -plionol from 2 mol. of sodium-phenol : 

C“IP.ONa + C-ll‘.ONa = C«H».OH + C*H*Na.ONa. 
the latter of which combines, at the moment of formation, with carbonic anhydride to 
fovin disodiiim salicylato : 

OTPNa.ONa + 00=* - C"H\0Ka.C00Na. 

When potassuim-phenol is similarly treated, the product vririos according to the tem- 
perature at which the action takes places. At a temperature not exceeding about 146° 
wilicylato only appears to bo fonned, but if tho action take place at 170^-210°, about 
lii'ilf tho phenol employed ns potnssium-phenol distils over ; sciiicely any salicylate is 
formed however, but the product consists almost entirely of tho isomeric para-oxyben- 
ajjito. 

5. When phenol is fused with an excess of potassium hydrate until tho mass assumes 

the consistence of a thick syrup, abundance of hydrogen is evolved, and ^ a mixed pro- 
duct is obtained, containing, together with unnttackod phenol, salicylic acid, oxybenzoic 
ncid, diphenol, and oUier substances of unknown composition (Barth, Ann. Ck. Pharm. 
civi. 93). At least half the phenol employed remains unalter^ ; tho amount of acids 
produced does not exceed 1 p.c. of tho phenol decomposed; 12 to 16 p.c, of the phenol 
employed is obtained in the form of diphenol. ^ 

6. ^lon oxidised by chromic acid ^enol is converted into phenoquinone, C H O 
(Wichelhaus, Dent. Clwm. Ges. Ber. v. 248, 846). Tho first action appears to consist 
ill the production of quinone ; 

C«H«0 0* C"H^O* + H*0; 

^he phenoquinone being formed from tiiis compound and phenol in the following 

manner: 

^0— OC»H» 

+ 2(C«H*.OH) + O - + OH*. 

' ' \0— OC*II* 


^lienoquinone is produced, together with hydroquinono and quinhydrone, when quinone 
m added to a solution of phenol : 

20*fl‘0* + 2C*li*0 = 0>*H“0* -h C*H«0*. 
fj* the action of nitrous aeid phenol is converted into nitrosophenol, C*II^NO.OH 
^T^or Chem. Ges. Ber. vii. 967). ^ , , , „ . 

nriS* a solution of 6 p.c. of potassium nitrite in concentrated 

toW ^ * nuxtnre of equal volumes of phenol and concentrated W 

at first becomeVbrown, then green, and finally assumes 
.The coloiiring matter is deposited in reddish-brown floeeali on pouring thq 
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solution into water; it has the composition « 3C*H“0 + HNO= - amr 

(Liehermanii, ibid. vii. 248, 1098). 

The same compoiiiul is produced when nitrosophciiol and phenol are mixed and con 
centrsited sulphuric acid is added, and there can bo little doubt that the first action "f 
tho niirito mixturo is to form uitifisophcuol, which theu enters into reaction with tJi' 
uiiattiicked phenol, perhaps in tho maimer indicated by the following equation : 

.Oil OU 

+ 2C®H»(Oir) » C«I1^C .0— C«H‘ + 0H=. 

^NO 

'^'0— OH* 

D. On distilling a mixturo of phenol and lead oxide^ a small portion undeigocs con- 
version into diphenyleno oxide, At the siimo time a small quantity of a second 

body crystallising in needles (m. p. 173®-174°) is obtained, which probably has the 
composition C**H*‘0* (Graebe, ibid. vii. 396 ; Bohr a. van Dorp, ibid, 398). 

10. The crystals obtained, togetlier witli phenyl sulphydratu and sulphide, on distil- 
ling phenol witli phosplwru^ pe7it(t8ulphide (Kckul^ a. ISzuch) are identical with tho 
phcnylcno sulphide obtained by Stenhouse. The compound, however, is a diphenyleno 
disulphide, (Cj'H*)-S*, and not phenydeno sulphide, C“II*S (Graebe, ibid. vii. fll, 397). 

11. On Adding phenol to diazobenzene sulphate^ phenyl other or oxide is producid 

(Hofmeister, .dn;i. (7/i. clix. 191): 

CH-NMISO* 4- C«mOII » (C«H^)*0 + IPSO* -i- N*. 

12. When a mixturo of benzyl cJdoride and phenol is gently heated with inotaliic 
zinc, hydrochloric acid is evolv^ in abundance and benzyl-phenol is produced (Patorno, 
GazzeUachimicaitaliana, ii. 1) : 

CTP.OH + c«ns.cn-ci « (c«n*.CH^)c*ip.oii + iici. 

13. When heated with phtlialic anhydride and concentrated sulphuric acid, phenol 
is converted into phenol-plithalcin (Baeyer, Deut, Chem, Ges, ISer. iv. 658)-— 

2C«II*0 + C»IPO» = G2‘>JI“0* + IPO, 


14. Chromic chloride (chlorochromic anhydride), C'O^CP, acts violently upon plicnol 
dissolved in glacial acetic acid, producing chiefly tri- and tetra-chloroquinouo (Cnr- 
atanjen, J, pr. Chem. [2]. ii. 82). 

16. Niirozyl chloride, NOCI, acts readily upon phenol. According to Tildon {CItm. 
Soc. J. [2], xii. 851), it appears to oxidise tho phenol to quinone^ which is thou con- 
verted into chlorinated quinonos, the nitrosyl chloride itself sulforing reduction, not 
merely to nitric oxide or nitrogen, but being converted in gre.at part into ammonium 
chloride. 

16. Pf^e^phurio chloride, S^O’CP,* at once attacks phenol aud forms a mixturo of 
the two isomeric -znonochlorophenols obtained on chlorinating phenol, witli tho corre- 
sponding chlorophenolsulphonic acids, sulphurous anhydride and hydrochloric aciil 
being evolved (Armstrong and Pike, Cltcm. News, xxix. 283). 

17. By heating phenol with carbonic chloride (phosgene) in sealed, tubes at 140°- 
150°, a mixture of phenyl chlorocarbonato and phony] carbonate is obtained (Kctnpfi 
J. pr. Chin, [2], i. 402) : 

COOP + C«H».OH = CO IqJ^sh. + HCl. 


COCl* -I- 2(C*H*.OH) - CO {j 


OC«H» 

OC«H» 


+ 2HC1. 


18. According to Busart a. Bardy {Compt, rend, Ixziii. 1370) phenol is converM 
into monochlorobenzene, C*H*C1, by the action of fuming hydroeVorie add at 20J) • 
They also assert that mixtures of phenol and methylic, emylie, or amylic alcohol, 
jrated with hydrochloric acid, famish the corresponding mixed ethers when toted in 
sealed tubes at 100®. Those statements, however, appear to require confirmation. 

10. On heating phenol with benzamide, ammonia and benzoyl-phenol or phexyhe wn- 
zoate, C*fl*.O.COC*H*, are produced ; similarly phenol and acetamide yield 
phea^ or phenylic acetate, C*H*.O.COCH*, and ammonia (Guareschi, Jtnn» Ch. Pham, 
clxxii 140). J. 1 . 1 /m 

20. A dry mixture ci potassium-phenol and potaezium benzoate y^elda dipnenji 
distillatiott, C^mOK + 0*H».00*K «. + KHX)*. An oxceM^of btoW 

is desirable,, but the amount employed should not be more' tto 
by thebsy. . Siinilarly a mixture of potaesitm acetate and potaerium^p^noI xnniiBii 
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tolueno, and a mixture of potaanum valerate and potassium-phenol yielcln 

isobutylbenzeno, A mixture of potassium-phenol and potasaiummeianUro^ 

hensoate urith sand gave nitrodipheiiyl, vlien carefully distilled. 

Potassium oxalate and potassium-phenol also furnish diphenyl. A mixture of 
WMWflCcteteandpotassium-tribromophonol is said to yield tribromotoUieiie, C“11 “Bp*.CH® 
(Pfankuch, J, fw. vi. 97). 

' 21. When aoctanitidc is distilled with sodium-phenol, diphenyl, aniline, acetone, and 
a TC17 small quantity of a b<jdy having the properties of diphenyhimiiie are prcKliieed. 
A trace of the latter body is also obUiined on heating aulpluicarbanilide witJi sodium 
phenol (Weith, J)eut. Chem. Ges. Her. vi. 9G6). 

^ 22. Berthelot {Comj^t, rend, Ixxiii. G63) has determined the heat evolved on neutra- 
lising aqueous solutions of phenol and trinitroplienol by the alkaline hydrates. Ho 
finds thiit the hetit furnished by the reaction of phenol with the h3'drates of potassium, 
tiodium, barium, and c^alcium is very neiirly the same, and that it is scarcely influenced 
by the amount of water present (see HrjkT, p. G20). 

Amldoplienols • (1 : 4), first obtained by 

Fritzacho {Ann. Ch. Pharm. cx. 166), by* the action of iron and acetic acid on para- 
iiitrophenol, is best prepared by reducing paranitrophenol with tin and liydrochloric 
jicid ; the excess of acid is removed by evaporating the solution, .md after the addition 
of much water, the tin is precipitated by sulphuretted liydrogcn ; tlfe solution is 
conceiifratod in a current of sulphuretted hydrogen, and then left to crystallise, 
when para-amidophcnol hydrochloride separates in colourless plates (Schmitt a. Cook, 
Kekule Onf. Owm. iii. 61). Alkaline carbonates precipiUite para-amidophenol from a 
soliitiuuof tho hydrochloride as a brown-red crystalline powder soluble at 0** in 90 pta. 
of water and 22 pts. aljsolute alcohol. Para-amido})henol is also obtained on distilling 
jiinidosalicylic acid (Schmit t, Deni. CJitm. Ges, Ber.h. 67). The hydrochloride 
at. 0*^ in 1‘4 pts. of water and 10 pts. of absolute .alcohol ; the sidpkaie crystallises in 
thin neeclles; the acetate molts at 18!!*^ and dissolves at 0® in 0 pts. of Wfater and 12 
pts. alcohol. By the action of Ix^nzoyl chlorido at 150^, para-amidophcnol hydro- 
chlorido is converted into benzoyl-para-amidophenol, which melts at 139° with partial 
decomposition. It is insoluble in water, and but slightly soluble in alcohol ; boiling 
alcohol decomposes it (Morse, iihid. vii. 1319). 

Orihoamidophenot^ C*H^.NH®.()H (1 : 2), is similarly prepared from crthonitrophenol 
(Schmitt a. Cook). It separates from tho hydrochlorido in white glistening rhombic 
plates (Kbmcr), soluble at 0° iu 59 pts. water and 23 pts. alcohol. Orthoamidophenol 
hydrochloride crystallises in long -ncodles which dissolve at 0° in 1 *25 pt. water and 
2-3G pts. alcohol ; the sidphaie forms rhombic prisms ; tho acetate melts at 150°, and 
dissolves at 0° in 65 pts. water and 40 pts. .alcoliol. V^heu heated with benzoyl 
chloride at 150°, orthoamidophenol hydrochlorido furnishes benzoyl-orthoamidoplienol, 
which crysbillisos from alcohol in beautiful plates or prisms 
iw.'isessing an extremely pleasant odour. It melts at 103°; it is slowly decomposed by 
boiling water, in which it is soluble. Fuming nitric acid converts it into dinitro- 
henzoyl-opthoamidophenol, which forme thin straw-yellow needles melting at 173° 
(Morse). 

Puni- and orthoamidophenol hydrochlorides are dissolved by ISTordhauson sulphiuric 
ftcid, with formation of the corrosponding amidophenolsulplionic acids (Brackebusch, 
ibid. vi. 396). 

Dichloraxophenol. — By the action of potassium pemanganate solution and other 
oxidising agents, the amidophenols are converted into brown humus-like sabiit.ance8, 
fatlioamidophenol being by far the more reudily attacked ; on treatment, however, of 
])ara-amidophenol hydrochloride witJi bleaching-powder solution, dichlorozophenol is 
produced, the reaction taking place with such precision that it may be employed for 
tho quantitative analysis of bleaching-powder (Schmitt a, Bennewitz, *7’. pr, Chem, 
L2].viii.l): . ^ 

C®H*Cl.OH.N 

2(C®H®:NH*.OH) -p 4C1« *= || + 6HC1. 

C®H*C1.0II.N 


Orthoamidophenol docs not yield a corresponding compound, but is acted u^n in a 
®Kipner not yet understood. To prepare dichlorazophonol, at most 3 grams of pani- 
atnidophenol hydrochloride are dissolved in 160 grams of winter, and a rather concen- 
trated solution of bleaching-powder is added from a burette. At first, white ciystal- 
hne flakes separate, which rodissolvo on shaking, and tho solution assume a deep 
jjolet colour; on further addition of the bleadiing-powder, a point is 
separated dichlorazopbenol no longer redissolves, but tJjS 
turns yellow. The reaction is then completed. The 
^hon, and site wariiing with water, dried over sul^unc acKi Dichlwiiqphstaoi 
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is Bpariuji'ly soluble in cold Avator, but freely in boiling vator, alcoholi bensene, ether, 
•and glacial acetic acid ; it crystallises in tufts of long yollour needles. It melts at 86°’ 
and decomposes at a slightly higher temporsture ; it is extremely volatile, and has 
very persistent odour like that of quiiione. When reduced by tin or zinc and hydru- 
chloric acid, it furnishes pnra-HTnidoplienol. On treatment with sulphurous acid or 
hydrogoii-sodiuni sulphite, it is entindy converted into para-ainidoplionolsulphoitii: 
4icid: 


C«II»G1.0H.N 

II + + 2 IPO - 2 (C»H>.NU«.OH.aO*H) + 2HCI + 2 H=SO* 

0'’H»C1.0H.N 


Paradiacroji/tcnol hydi'ocMoride^ C^H^N'-Cl. — If absolute alcohol, saturated with 
nitrous anhydride, bo poured over dry para-amidophouol hydrochloride, the mixture 
luiing carefully cooled by ice-water, an indigo-bhio solution is at first produced which 
afterwards becomes brown ; if sufficient ether to produce a milkiness in the liquid bo 
then added, the whole after a short time becomes a solid mass from the separation of 
1 ho diazohydrochloride. It crystallises in long colourless needles, difficultly soluble 
in alcohol. 

Orthodia4S{>p}unol hydrochloride^ C*IPN®C1, is siiriilorly pre^Nirod from ortlioumido- 
pheuol hydrochloride. It crystallises in colourless well-formed rhonibohedrons, much 
.more soluble in alcohol than the isomeric compound. Both these substances aro 
extremely unstable (Schmitt, Bent. Oum. Ges. Ber. i. G7). 

On lieating a concentrated solution of sodium hydrogen sulphite, to which an ortlio- 
or para-diazophenol salt has been added, to boiling, thb diazophonol quickly dissolves 
without nitrogen being evolved ; on cooling, the sodium salt of the product, separates 
out, but it is better to add a concentrated solution of potassium chloride, and tn 
rccrystalliso the precipitated potassium salt several times from dilute alcohol. 
Potassium orihodiasophenol sulphite^ C**H^(OII)N'‘*SO*K + Oil-, thus prcp;ired, crystiil- 
lisas in small golden-yellow scales; the pamdiazo-dorivativo forms pale-yellow anhy- 
drous nocjdlos (Schmitz u. Glutz, Beut. Chem. Ges, Ber, ii. 51). 

Biamidophenol, C*H®(NH*)*OH (I ! 2 ! 4). — Gauhe {Ann, Ch, Pharm, cxlrii. 66), 
by the action of hydriodic acid on a-dinitrophenol, obtained the hydriodide of a base 
which ho regards ns a diamidobenzeno different from the tAvo phenylenodiamines thou 
known. It does not agree, however, in properties with tho third diamidobonzene since 
discovered by Griess, and there is reason therefore to suppose thfit, although both the 
hydriodide and sulphate gave on analysis numbers which correspond Avith those required 
by theory for a diamidobonzene, Gaubo’s product W'as really diamidophonol. Tho 
h^riodide forms white needles; the sulphate, magnificent rhombic plates; the hydro- 
emoride, white needles. Those salts are partially decomposed on exposure to the air ; 
all attempts to separate the free base from them by an alkali aa'cto unsuccessful, the 
solution at once becoming red-brown, and after a short time depositing brown flocculi. 
The addition of ferric chloride caused a deep rod coloration. 


Bromoplienola* Parahromophenot, C*H*Br.OH (1 : 4). — Kornor {Gazzetta 
chimioa Ualictna, 1874, iv. 387)i and Fittig a. M^iger {Beut. Chem, Ges. Ber, Aril 1176) 
have prepared this compound from parabromaniline (m.p. 66*4® Korner, 63® Fittig jIj 
M agcr). Parabromaniline nitrate, mixed with an excess of nitric acid, was troiiten 
with nitrous anhydride ; the resulting diazobromobenzeno nitrate was converted into 
sulphate by the Edition of sulphuric acid, and the sulphate precipitated by alcohol 
and ether ; tho crystallised diuzobenzene sulphate was then dissolved in a largo 
tity of water, and tho solution gently heated. Tho bromophenol produced was o^ctrwtw 
with ether and {jurified by distillation. Parabromophonol is also obtained by 
'ling bzomosalicylic acid with burnt limq (Huebner a. Brenkon, ibid. vi. 170). 
product is an oil of which the greater part distils over at about 235", and is 
converted by cooling into n crystalline mass ; it may be purified by oresiBiDg and «• 


crystallisation fromTcbloroform. Huebner a. Bronken have shown 
phenol may bo readily prepared from phenol by tho following process? — '!«e 
quantity of bromine dissolved in 200 grams of glacial acetic acid is added to a w 
cooled ^1 2.. a/i/v ..r . « afWvmn, MirPAnt 

bonic 

nnd subsequently me soiunon is cooiea in a mixture oi ico »nu boau, ^'niitil 
which separate after a time are removed by filtration in a vacuum-filter, pressed n 
quite dry and as ftee as possible from acetic acid, and then several ti™^ . 

ftised and again allowed to solidify, in order to remoA'e ndhorent liydrobremie ^ 
after whi^ they may be distilled, the portion boiling at 236®-236" being! ewsw 
apart and sereial times recmtallised from chlorolbrm. 

^ ^ T in large,. eolourleiSj 
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erycitalSi which become pink on long exposure to tlio air ; it melts at 66*4® (Kcmor), 
63^64® (Huebner, Fittig a. Magor), and distils, undergoing scarcely any decom- 
uosition, at 238® 236®— 236® (Huebner a. Srenkon). It dissolves in a large 

liunntity of cold water, and more readily in hot water; it is easily soluble in alcohol, 
ehloroform, and acetic acid. On nitration it yields Bruuck’s parabromorthonitro- 
phenol, melting at 88° (Huebner n. Bronken, K6rner),or hromodinitrophenol, melting 
til. 76® (Kdrner, .^mstrong), according to the amount of nitric acid employed. 'When 
lii.sed with potassium hydrate it yields resorcin free from its isomeridcs (Fittig a. klager). 

Jiletc^promophenolf C®H*Br.OH (1 : 3), has been obtained by Korncr (ioe. ci<.) and by 
Wurstcr a. Nolting {^DeiU. Chem. Gcs. Her, vii. 004) from m(3t:ibrom an i lino by Gri ess's 
inothod. It is an oil boiling at 227°-229® (W. a. N.) According to Wiirster a. 
Nolting, it is converted into resorcin on fusion with poUssium hydrato. On treatment 
with bromine in excess it fields tctrabromophenol, and with nitric acid furnishes, 
amongst other products, a dinitrobromophenol melting at 91-5° (Kornnr). 

Metabromophenol, ^iccurding to Kornors observations, may also bo produced by the 
direct action of bromine on phenol, but it is not known at pre.sont what are the cir- 
cumstances favourable to its production, nor indeed evoti whether it is always present 
in the crude bromoplienol. Kdrner converted the bromophenol which ho prepared by 
passing a current of air laden with bromine into cooled phenol (Is^ Suppl. 907) into 
j,h0 methyl ether, C*H^Br.O.CH", hy acting upon its potassium dcrivate with mothyl 
iodide, and from this ho obtained, by the action of carbonic anhydride and sodium, a 
methoxybenzoic acid identical with that prepared by Graoba and Schultzon from ordi- 
nary oxybenzoic acid (OH ! COOII = 1 r 3) : 

C«H*Br.OCH* -l- CO» + 2Na = C«II<.OCH».CO'^Na + NaBr. 


by t ho action of sodium and methyl iodido on the same mothyl-bromopheiiol a methvl- 
iTosol was obtained, (Cni‘Br.OCH» + CIPI + 2Na = C“II*.CH».OCH> + NaBr + Nal), 
also yielding methoxybenzoic acid on oxidation (//«//. rfc VAcad. licfff. 1867; Zeitschr.f. 
L'hrni. 1868, 326). In his recent memoir {GazseUa chimica italiana, iv. 389) Kiirncr 
states that he has re-examined specimens of the methoxybenzoic acid and methyl 
crcsol prepared in 1866, which ho had preserved, and convinced himself anew of the 
correctness of his observations ; at the same time he mentions that he was unable to 
obtain similar results with a bromophenol prepared under conditions apparently iden- 
tical with those previously observed by him in its preparation. 

Orthobromophe^ioU C*H*Br.OH (1 : 2), has been jn-epared by Korncr {loc, ciL) from 
orlhobronianilino by Griess's method, and by the decomposition of the platinobromido 
of the diazophenol formed from orthoamidophcnol. It is a colourless oil. On nitra- 
tion it is ultimately converted into bromo-a-dinitrophenol (Kdrner; Armstrong). 

Oilhobromophenol is always produced by the action of bromine on phenol, and tbe 
acetic acid sohitiou which drains from the crystals of parabromophonol prepared by 
Huebner a. Bronken’s method contains it in considerablo quantity. 


Chloroplieiiolaa Varachlot'ophenol^CfilLL^Cl.OYl (1 ; 4), whicli was first obtained 
ill a state of purity by the action of sulphuric chloride, SO’^Cl^, on phenol, is formed 
when the platinochloride of panvdiazophcnol is submitted to distillation (Schmitt, 
Chem, Ges. Ber. i. 67), and from parachloranilino (in. p. 70°) by Grioss*s 
method (Boilstein a. Kurbatow, ibid, vii. 1396). It may also readily be propartxl by 
passing chlorine into phenol, mixed with sufficiont water to prevent its solidifying 
and cooled with ico, until it has increased in weight by the calculated amount ; 
the product is washed with water and a little dilute potassium hydrate solution to 
remove hydrochloric acid, dried by calcium chloride and anhydrous cupric sulphate, 
and then fractionally distilled. Tho portion boiling at 216°“220° solidifies at about 
(^\but melts again at 8°; by allowing tho liquid portion to dp.ain away, however. 
It is possible to raise the melting point almost to that observed by Dubois (Peters 
sell a. Baehr-Predari, Ann, Ch, Pfmrm, clvii. 123). , , 

Parochlorophenol melts at 41° (Dubois), 37° (Beilstoin a. Kurbatow), and boils 
at 2l8p (Petersen a. Predari), 217® (^ilstoin a. Kurbatow). When fused with 
Potassium hydrate, tho chlorophonol boiling at 218° prepared from phenol fiirnidies 
chiefly hydroqninone and traces of resorcin, according to Petersen a. Baehp-Pi|edan 
ei<. and Deut, Chem, Ges, Ber, vii. 61), but Faust states that resorcin only is 
“Uuad {ibid, vi. 1022). Paiochlorophenol yields ordinary dichlorobenzeno (m. p. q3 , 
lyP* ^*2°) when distilled with phosphorus poiitnchloride (Beilstein a. Kurbatow), 
date nitric acid converts it into partichlorwthouitrophenol melting at 86*6 (Beil- 
«». Kurbatow). Ifetk^-paraSuon^ct, CHKjfO.CH*, boil, at 188<>-202" and 
JwfnotsolidiiVat -\V>i dM^araMoropkmO, Cra‘01.O.C“H*, nidts at 21® and 
«»1« at 2io®_2i20(B,artein* Kurbatow). 

O'H^CLOH (1 : 8), ia obtained by Griess’s method fleom meta- 
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ehloTaniline (from dinitrobonzenc) ; it is an oil boiling at 211° (BeiUtoin a. Kurbatov 
loo,oit.) . . ’ 

Orthooklart^henolt C*H*C1.0H (1 : 2). — Beilstain a. Kurbatow (foe. cit.) have 
propared this modification from orthochloranilino by Gricss*B method, and it -was pro- 
viously obtained by Faust a. Muller {JDeut. Chem, Gea. Ber, y. 777 ; Ann. Ch. Bharm. 
clxxiii, 308), by distilling orthodiozophenol plati nochloride. On msing chlorine intii 
500 grams of phenol withont c(X)ling until the weight is incronsed by 200 grams, nnd 
fractioning the product, which boils at 175°-22D°, a portion is obtained hoiliiuf 
constantly at 17fi'5°-177° consisting of orthoclilorophenol (Faust a. Muller, loc. ciL) 
It is a colourless, oily liqidd, which has a peculiar unpleasant odour, and does not solidify 
at — 15° (Faust a. Muller). According to Kramers {Ann. Ch, Pitarm. clxxiii. 331) tho 
yield orthochlorophonol is about one-third of tho weight of phenol employed ; he 
describes it as a colourless oil, boiling constantly at 17fi°-177° under a pressure oJf 
760 mm., tlie mercuiy-coluran in the thermometer being wholly immersed in tlia 
vapour. On cooling it to — 12°, ho found that it solidifies to a mass o»ictly resembling 
pui'o crystalline phenol ; when removed from the refrigerating mixture it fuses, and a 
therinonieter immersed in tho fusing mass exhibits constantly the temperature 7°. 
When fused with potassium hydrate, orthoclilorophenol yields pyrocatecliin, the con- 
version talcing place far more readily than that of parachlorojiliunol into TeHou-iii 
(Fanst a. Muller, foe. cit, ; Petersen, Deui. Chem. Ges. Ber. vi. 368). By the nctiunof 
dilute nitric acid it furnishes orthochloroparunitrophonol, melting at 110°-111° and 
orthochlororthonitiophcnol, melting nt 70° (Faust a. Muller; Beilstein a. Kurbatow). 
When distilled with 'phosphorus pentnchlorido it is converted into orthodichloroben- 
zene, boiling at 179°; sp. gr. 1'3278 at 0° (Beilstein a. Kurbatow). Etht/l~ortfiochhro- 
phenol, (?H*C1.0.C*H‘, is a liquid boiling at 208°-208-5° (Beilstein a. Kurbatow). 

PentaeMerophenol, C*CP.OH. Perclilorophenol . — To prepare this compound, chlorine 
is passed into a mixture of 3 pts. of phenol and 1 pt. of aritimonious chloride, wliioli is 
heated at first on the water-bath and afterwards in a salt-bath, until all action ceases. 
The resulting mass is boiled with sodium hydrate solution, and the hot filtrate super- 
saturated with hydrochloric acid ; the precipitated crude pentachlorophonol is then 
distilled in a current of superheated steam (180°-200°), and recrystallised fifom petro- 
leum spirit (Morz a. Weidi, ibid. v. 458). 

Fontochlorophenol ciystallises in long colourless glistening needles, and is very 
soluble in alcohol and ether, moderately soluble in benzene, and slightly soluble in 
cold petroleum spirit. It melts at 18a°-187°. When cold it has no odour, but when 
heaM it has an Intensely sharp odour and causes coughing. Pentachlorophenol dis- 
solves. although slowly, in cold solutions of potassium or sodium hydrate ; it is almost 
entirely precipitated, however, from dilute alkaline solutions by carbonic anhydrulo. 
Potamum mtacUwrph/mxd, C*CF.OK, crystallises from ether-alcohol m long white 
ne^les; it is easily soluble in anhydrous alcohol, and even in ether. Sodium p^na- 
ehlorophenol closely resembles the potassium-derivative. Jmmoniu7n pentach^op^, 
C'CP.ONH*, crystallises from n hot ammoniacal solution in very long thin plnj^^io 
needlss; it scareoly dissolves in water, although it is readily soluble m alcohol. 
Pentachlorophenol is only very slowly attacked by nascent hydrogen from aodiura- 
amalgam and water. Concentrated nitric ocid converts it, even in the cold, into wira- 
chloroqninone : 

C«CP.OH + O - C«C1*0* + HCl. 


When distilled with phosphorus pentachloride it furnishos hoxchlorobonzene. Potas- 
sium hydrate has scarcely any action below 200°; at 230°-240° humus-hke a 
stances are largely produced, free from chlorine and insoluble in woter ; the aiiuuii 
solution contains a largo quantity of oxalate. 

Pentachlorophenol is decomji^ed on distillation, hydrochloric acid being eioiv i 
and totrachlorophenylene oxide is produced : 


0*01».OH - (PCI*0 + HCl. 

Potassium pentachlorophenol undergoes a coTresponding decomposition when hw^- 
The piquet is powdered and washed with alcohol, crystallised fr^ boiling _ 
zone, and then several times recrystallised from hot turpentine. t?* js 

oxide is acoccely ^ssolved by sdcohpl, ether, chloroform, or cMbou sulpniae, 
readily soluble in boiling nitrobenzene, and moderately soluble in hot 
forms broad white needles like benzoic acid. It melts at about 320 , ^ 

decomposed at a temperature far above that at which merrary boils.. On ^ 

its high melting and boiling points, Merz a. Weith are inclined to represenli it oy 
formula : 



PHENOLS (N1TRO-). 


907 


Jb is not attacked by 6odium<4unalgam and water, or by phosphorus ponbachloridc — 
even at 240®-250® Boiling concentrjitod nitric acid very slowly decomposes it, 
chlorine and carWio anhydride being evoivod. 

lodopltOBOla (Jjobanoif, VcuL Chtm, Ges. 7kr. vi. 1251). Tlio iodophcnol pre- 
pared by Komer’s method (l«i Suppl. 909) is a mixture of the threo isonioric luouo- 
iodophenols. When it is distilled in a current of steam, first a liquid iodophenol 
passes over, then a solid iodophenol, and finally tri-iodoplionol ; and the residue con- 
tiins a considerable quantity of the latter, which may bo oztracted by alcohol. Tho 
tJii^ modification, which is' easily soluble in water, is found in part in the aqueous 
solution from which the crude iodophenol is precipitated, in piirt in the aqueous dis- 
tillate, and in part in the alcoholic solution from which tho tri-iodophonol crysUllises. 

In order to separate it, these solutions are rendered alkalino with potassium hydrate, 
concentrated by evaporation, ami then siipersaturatod willi hydrochloric acid. Tho 
precipitated iodophenol is purified by reciystallisatioD. It ciyshillises from ether in 
iioedlcs, from alcohol in large six-sided pLitos, and from carbon sulphide in short 
tliick prisms ; it dissolves well in water and ether, and very easily, in alcohol and 
curboii sulphide. It melts ut 89°. Tho second solid iodophenol, w'hich melts at 
(i 40 - 66 °, is difficultly soluble in water, but easily ifolublo in alcohol aiid*=?»i«or, and 
m’stalli*8ca in flat glistening needles. The liquid iodophenol docs not solidify at —*23°. 
Iodine is not separated by chlorine or nitric acid from tho iodophenol molting at 
89°, or from that which melts at 64°-66° by chlorine; nitric acid, however, liboratos 
iodine from tliis modification. Tho liquid iodophenol is decomposed both by chlorino 
and by nitric acid. , . , 

Tho constitution of these compounds has not yet been determined, but a comparison 
of Lobanoffis results with those of Kdrner renders it probable that tho modification 
melting at 64°-66° is paraiodophenol (1:4), identical with Korner'sorthoiodophonol, 
whilst thatmolting at 89° is metaiodophonol (I : 3), identical with Korner’s pamiodo- 
phenol from dinitrobenzono ; the liquid modification being orthoiodophonol (1 : 2), 
identical with Kornei^s metaiodophonol. 

iritr'oplieiiolfl* Paranitrophenolt C*II*(NO“)OH (1 : 4). — ^Tho ^olatilenon- 
modifleation of nitrophenol, which has long been known as erftho- and isonitrophenol, 
has recently been shown to be a member of tho para series. It is produced: 1. When 
a-nitrochlorobenzeno (m. p. 85°) from chlorobenzene is heated with potiissi urn hy- 
drate solution at 130° (Engelhardt a. Latschinow, Deut. CUm, Ges, Ber. iii. 423). 
2. When o-nitrobromobenzeno (m. p. 126°) from bi-omobenzeno is heated with potas- 
sium hydrate solution (von tlichter, ibid, iv. 460). 3. By heating nitroacotanilido from 
acetanilide with concentrated sodium-hydrate solution until ammonia ceases to be 
evolved (Wagner, ibid, vii. 76). 4. By dccomiiosing diazonitrobenzeno pw- 

pirod from the nitraniline obtained from iicetanilkle by boiling with water (Fittig, 
ibid, vii. 280). 6. By dry distillation of nitrosahcylic acid mixed with i^owdored pumico 
(Schmitt a. Cook, KekM Org. Ckem. iii. 41). 6. ^ oxidation of mtrosophonol 
(Baeyor, Beut. Che^n, Ges. Ber, vii. 965). •• -eM. « 

Pure paranitrophonol melts at 114®. 

anisic ormethyl-wraoxybenaoio acid in the following manner i-Silvnrp^nitw^h^l 
vras treated -with methyl iodide, and tho resulting methyl-paranitrophenol erp^nit^ 
Hiiisol. C*H<.NO=*.OCH*, reduced to methyl-paramidophcnol or parji-amjdoamsol, the 
latter was then converted by Griesa’s method into the 
distilled with Jimo. Methyl-mrabromophenol was then 

upon by methyl-iodide nnd soSum, gave mcthyl-paracresol, t H -J™ ' ^ 7 
anisic acid, C■lI^OClI^CO■‘*H, on oxidation with potassium dichromate and glacial 

(ibid. 1008) also found that ^riion the 
para-amidoanisol, prepared as above described, is heated 

produced. The paratuazonnisol sulphate and nitrate obtained by ^ 

acid on para-amSoanisol sulphate or nitrate in presence of 
are remarkably stable substances ; on concentrating the solution by s ,, P® 
on the water-bath at a low temperature, they separate in 

arc only very slowly decomposed when boiled with water or ^ scaled^tubes, 

position is complete, however, after heating ^P***.® a methyl 

the greater part being oonverted into a brown viscid K- heatina 

»'thcpof hydMuinone— and only the smiUlor part into 

aiDidobenzene, identical with that which is obtained fro i-og-,},op«g pentachloride, 

pttutiiteophenol 7ield« a<iilor(Wti»bMi*®e (m. ^ 88 ) acoo^ ftoiafgulphuric 
tatschimSr CAm. 0*3. Sor. ni. 200i. On digus^ p 

•«ad. it is cunviitsd into pamnitrophenobulphonic.ocid (Pout, M<t- v. W.* . - 
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Metanitrophenol, C«H<(NOS)OH (1 : 3), is produced on heaUng the diacouitio- 
benzene nitrate prepared from the nitraniline from ordinar}’ dinitrobenzone (m. p. 87®) 
with water. The sohition is filtered from the resin, and shaken with ether ; on distilling 
off the ether, an oil remains, which gradually crystallises when exposed over sidphuric 
acid. It may be purified by recrysbillisation from boiling water or alcohol. Meta- 
nitrophenol forms hard, compact, almost colourless crystals, melting at 9o°-96® ; it 
is milerately soluble in cold water, and readily soluble m boiluig water and alcohol. 
It scarcely volatilises in a current of steam. Metanitrophenol has a groat tendency 
to remain liquid ; when only slightly warmed with water it melts, and always sepa- 
rates from the aqueous solution as an oil, which may remain for days under tlic liquid 
without solidifying, but at once crystallises on tho addition of a t^e of the solid. 
Also when cold alcohol is poured on the crystals they immediately liquefy, and it 
regularly separates from the alcoholic solution as an oil (Fittig a. !^ntlin, tbid. vii, 
179). Ptitasaium metanitropJus^iol crystallises in magnifleent long glistening noedlos, 
which appear deep red so long as they are surrounded by liquid, but orange after dry- 
ing ; it 18 very soluble in water and alcohol. 

Orthonitrophenol, C“H^(NO*)OH (1 : 2).— This modification, commonly known 
as volatile nitrophenol, is produced;—!. When tho y-nitrohromobonzene (in. p. 37®- 
38®), formed simultaneously with a-nitrobromobonzone on nitration of bitjmobeuwno, 
is heated with potassium hydrate solution in sealed tubes (Z^ncko a. Walker, ih\d. y. 
114); and 2. When the corresponding nitrochlorobonzcno from chlorobenzene is simi- 
larly* treated (Engelhardt a. Latschinoff ibid. iii. 423). 

men the orthonitranisol, C‘‘H^NO*.OCIl*, fi*om orthonitrophonol, is heated with 
aqueous ammonia in sealed tubes at about 200°, it is converted into nitraniline (in. p. 
64°) identical with that obtained by the action of ammonia on 7-mtrobromobonzeiio 
(m. p. 37®-S80) (Salkowski, ^ii». Cb Pharm. clxxiv. 277). It furnishes the corre- 
sponding nitroohlorobenzene when distilled with phosphorus pentachlondo (Lngol- 
iLdt aflatschinoff, Deut. Chem. Ga. Ber. iii. 200). \Vhcn acted upon by nitric 
acid it yields two isomeric dinitrophonola (Huebnor a. Schneidci\ Ann. Lh.Phani^ 
clxvii. 89)? Similarly, when acted upon by chlorine, bromine, and sulphuric Mid, it 
furnishes two isomeric chloronitro-. bromonitro- and 8ulphonitToplionols--nitropheiio - 
sulphonic acids (Armstrong, Prevost a. Brown. Deut, CUm, Gcs. Per. vii. 922); and, 
according to Busch {ibid. 460) a mixture of two isomeric lodonitrophenols on trwit- 
ment with iodine. When oxidised by permanganic acid it is converted into dmitro- 
diphenol (Goldstein, ibid. vii. 734): 

2C*H<.N0*.0H -h O - C«H*(NO*)=(OH)* + H*0. 

DiniirophenoU.-armmtrophend. C«H*(NO’)«OH (I : 2 ; 4)*. 1" ™ 

a atate of minty by the action of nitric acid on pamnitrophenol (1.4), ima aim 
on \ranniiig dinitroamidophonol or pcmmic acid nrith e%l mtato, and to^or wUi 
Minitronhenol by the action of nitric acid on orthomtophcnol (1 . 2). it w 
dso proved when dinitrochloroheneeno (m.p. 
hromrteneene (m. p. 72°) from bromobeneene, arc heated 
hydrate Bolnlioii (Clemm. J.pr. C*«a. [2],i. 146; 

Chem. Gee. Ber. iii. 97). When diatiUod with phoaphoma ™ 

hand, a.dinitropbenol yieldsidinitrochlorohenaone melting at 48 -40 ^ f. j 

S a. Latachlnoff, ll. «<.) The dinitamUino (m. p. ) ohtaj^ by 

dinitiadhlorobenzene with ammonia, which ia identical 

treating «.dinitranieol, C»H*(NO«);.OCIP. ia conre^ into 

(m. p. 87®) by tho action of ethyl nitnte (Rudnew, Deut, Chem, Gea. Ber. iv. i 

aowski, Ann. Ch. Pharm. clxxiv. 263). . 

Pnre».dinitionhenolmelteat I18°-114»: itcryat^aea 
rtriatod yenowiah-whito platea, wWch are nauaUy united >" cSteblc 

teristic A a^liniteophenol ia the .iicumetence that jte metallic 

Tcryetellieing wi% vaiying am^nte of '^ter (ri* ?-d.nitrophenol^Orfm^V 
trinitiophonol (picrio aci^ alone ia produced when a.diratrophenol is tees 
nitrio add (Huehner a. Schneider). , j .iW iodide, 

e^pUiitrophmeta, 0*H\NO*)‘.OC»H*, fcom eilTer oKhnittophenol and ethyl i»“ 
melteht 84*(SBlkoweki, foc.«a.) .. ■■ 

ja-IKMifngiW. C*H‘(NO*)»OH (1:2; 8), ie fomed, t^thw 
on nitrating orthomtrophenol ( 1 : 2). The foUowiM ate the deteila ot^ 
as (Sven by Puehner a. Schnmder, whom itwaa drat made knoTO (-w^^ 
cbwii. 80). The oithonitnqphMol, in the 

in a ce pMinn. Hask together with an equal weight of nitno and (ap. gr. 
SitSSTcaidWly iSmned on tho watei-hs* untU the reaefon 

•rficlisiippoiiKrto occupy iaispoi|tt4nl. 
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is extremely videnty but of short duration. The produc^ which is at first oily but 
soon solidifies, is a mixture of the two dinitrophenols with trinitrophenol and un< 
att^ed nitrophenol. A^r being washed with cold water until froo from acid, it is 
introduced into a flask with water, and heated in a curront of steam until the ortho- 
iiitiophenol is entirely removed ; it is then boiled with water and an excess of barium 
airbonate, the solution filtered, and the residue several times extnicted with boiling 
water. As soon ns the liquid has cooled to 40^, the almost pure jB-salt which se^Kirntes 
is rapidly removed by filtration; on further cooling the filtrato yields a mixturo^of the 
a- and /S-salt, which is also filtered off, and the mother-liquor then contains barium 
(li- and trinitrophenol. Barium ^-di nitrophenol is very slightly soluble in water at 
35 ^- 40 °, but somewhat more soluble in boiling water ; the a-salt, however, is easily 
soluble under those conditions. Tho two salts may therefore be separated without 
difficulty by treatment with warm water ; but, according to Huebner a. Schneider, the 
separation is greatly facilitated by tho use of 90 p.c. alcohol, which dissolves only 
truces of the ^-salt, but in which the a-salt dissolves with moderate readiness. Sal- 
kowski {Ann, Ch, Pharm, clxxiv. 270) converts tho mixed barium salts into potassium 
salts by potassium carboTiato, and removes tho greater part of the a-salt by ciystal- 
lisation ; the mother-liquor is then heated to 40°-50^, and precipitated by barium 
chloride, whereby only ^-barium dinitropbonol is thrown down. This may be purified 
by a single recrystallisation after washing with cold water ; or, in tho case of large 
quantities, it is converted into potassium salt, and this is recrystallised. Komor 
{Gaseetta chimica italiana^ 1874, 325) crystallises the potassium salts from water, and 
then exposes the mixture to the sun’s rays for some days ; tho a-salt crumbles down 
to a powder, and may be separated mechanically from the jB-salt, which is purified by 
rccjystall isation. 

j3-Dinitrophonol crystallises from water in fine, short, pale-yellow needles, pointed 
ut tho ends ; from chloroform it separates in long coarse noodles. It is more soluble 
in cold water, though less soluble in boiling water, than a-dinitrophenol ; it is very 
soluble in chloroform, benzene, ether, and boiling alcohol. It melts at 63^-64°. Tho 
(linitroaniline (m. p. 138°) obtained on heating jB-dinitroanisol, C"H“(NO*)*.OCHV 
from jS-dinitrophenol with aqueous ammonia at 130°, is converted into ordinary dini- 
trobenzene (m. p. 87®) when heated with ethyl nitrite ^Salkowtki, Ann, Ch, Pharm. 
clxxiv. 274). The dinitroanilino from /8-dinitrophonol is much loss readily decom- 
posed by ethyl nitrite than that derived from the a-dinitrophenol ; in the latter case it 
is merely necessary to heat the substances together in a flask, but in the former they 
must be di^sted in sealed tubes at 120° (Sulkowsld). Concentrated nitric acid con- 
verts jB-dimtrophonoi into ordinary trinitrophenol (Huebner a. Schneider). 

Tho metallic derivatives of jB-dinitropnenol differ considerably in composition. 
Appearance, and solubility from those of o-dinitrophenol ; this will bo evident on in- 
spection of the table on page 010. 


fi-JHnUranisolf C*H*(NO*)®.OCH*, crystallises from alcohol in colourless needles, 
melting at 116®, soluble in 64*2 pts. of 95 volume p.c. alcohol at 21° (a-dinitranisol 
molts at 87°, and dissolves in 110 pts. of alcohol at 21°). fi-Dinifrophenetol, 
C*H*(NO*)'''.OC*H*, also crystallises in colourless needles which melt at 67®-68® 
(Ssilkowski, Ann. Ch, Pharm. clxxiv. 273). 


Trinitrophenol, C*H*(NO»)».OH (1:2:4: 6), is obteinod by nitration of both 
a- and jS-dinitiophenol. It is also formed when trinitrochlorobcnzone (m. p. 82°-832 
is boiled with sodium hydrate or carbonate solution (Bng^elbardt a. Latschinoff, 
Jkut, Chem. Gee. Bcr, iii. 08 ; Clcrnm, J, pr. Cheni, [2] i. 145). According to E. a. 
L. tile conversion of trinitrochlorobenzone to trinitrophenol is effected by boiling with 
▼ater, but Clemm denies this. Trinitrochlopobcnzono is readily obtained by tho action 
of phosphorus pentachloride on trinitrophenol. An intimate mixture of at most 100 
grams of the latter with "200 grams of chloride is very cautiously warmed in a largo 
retort or flask connected with a wide reversed 'condenser, soon as the mass b^ns 
to liquefy, cne souzde of heat is removed; the reaction which tlion takes place is ex- 
ceedingly violent. The liquid product is afterwards gently boiled for some time the 
Phosphorus oxvcMoride is then distilled off, and tho mass thrown into a lai]^ quantity 
water. When solid* it is pulverised, washed with ether, and recrystallised from 
jlcohol, and finally from petroleum spirit, in which it is only very slJg^tly 
however, Olie trinitraniline obtained by heating triiiitrochlorobenzcne (CIcinm)^OT 
trinitranisol, C«H»(NO*)».OCH» (Salkowski, DeuL Chem. Gee. Bcr. iv. 873), 
ommonia is not decomposed by ethyl nitrito even at 160® (v. Meyer, Ann. Ch, Pharm, 
cl*v.l87V j . ... , 


li, (Slaodinitfophenol jiroducod by StenhoWs Muction by 
wUi iodine ehloiide^ mtw (I*< Sufpl. M4) coiunots of chloro-a-dinitrophoiiel (m. p. 
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Motftllio deriratlvcs of a-dluitropbenol 

■■ 

Uetalllc derivatives of fi-dlnltzopltotiol 

a, rC»H»(N070]*Ba + 7H*0 
Goldon-ycllow prismatic needles. 

b. fC«H*(NO*)»0]2Ba + 6H*0 i 

Pine ^le-yellow needles. i 

ft [0'‘TD(NOa)-O]*I5a +■ 5H*0 | 

Orange-red prisms. i 

Solubility 1 : 320 at 7®. 

^ [C*H>(NO*)®0]*Ba + H«0 

Pino golden-yellow striated needles, 
Solubility 1 : 555 at 7°. 

• 

a. C«II»(NO«)^OK + IDO 
Dark-yellow prisms. 

b. OH*(jfO*)=OK + iH=0 
Pale-yellow six-sided needles. 

Solubility 1 : 5'J-2 at 7®. 

C-H»(NO*)«OK 

Plat red needles which exhibit nng- 
niilccnt trichroism. 

Solubility 1 : 69*8 at 6®. 

C*II»(N070Na + H^'O 

Pino pjilo-yollow ncwlles. 

C«H»(NO’)ONa + 3IDO 
Jlriiiiant red long needles. 

a. [OH^O^y-Oj’Mg + 12iro 

Coarse palc-ycIlow prisms. 

b. [C'HVNO'^y'OJ^Mg + 91DO 
Pale-yellow prismatic needles. 

[C‘H»(N070]’Mg + en-o 

Coarse red prismatic needles. 

• 0»H*(NO-’)-OPbOH -f. 2IDO 
Golden-ydlow lancc-shapcd needles. 

C«H»(NO*)®OPb,. 

C»II»(NO*)*OPb^ 

Fine orange needles. 


11®) mixed with a relatively small quantity of Dubois’ parachloro-jS-dinitro- 
phenol (Petersen, J>mt. CJtcm. Ges. JSer. vi. 368 ; Armstrong, ihid. 650). When tri- 
nitrophenol is similarly acted upon by iodino bromide, it yields brcmo*a>diDitrophenol 
meltiog at 117® (Armstrong, loc. cit.) 

By heating with acetic anhydride trinitrophenol is converted into acctyl-trinitro- 
phenol, (?H*(NO’')*.O.C’H*Oj it is a crystalline pale-yellow substance, which melts at 
75®-76® (Tommasi a. David, Cempt rend. Ixxvii. 207). 

Diamidonitropkenol, e‘H*(NO*)(NH*)*OH (1 : 2 : 4 : 6).— This compound is 
obtained b^ reducing trinitrophenol withagueoKs ammonium sulphide (GrieB8,^»ff.C£> 
Pharm. div. 202), To prepare it, pulverised trinitrophenol is mixed with a large 
excess of dilute aqueous ammonia and a rapid current of hydrogen sulphide then passed 
in, the mixture being sliaken from time to time. The conversion is complete, and the 
passage of the gas must be stopped so soon as very dilute hydrochloric acid fails to 
produce a precipitate in a portion of the solution which has previously been concen- 
trated and filtered from the separated sulphur. The liquid is then concentrated some- 
what by evaporation, filtered from the sulphur, and supersaturated with aceUc acid. 
The biownisA needles of ^amidonitrophenol which separate are obtained perfectly 
pure after a single rcciystallisation from water to whiw a little animal charcoal » 
added. Diamidonitrophenol crystallises iP long dark-ygllow needles or narrow plates • 
it is somewhat more solublein alcohol than in water, but very slightly soluble in ethw . 
The air-dry substance contains a molecule of water of crystiUlisation, which is readilj 
given off above 100®. . .. v i 

Diamidonitrophenol has far stronger basic properties than amidodinitrophenol 
(piccBinie acid), which dissolves only in concentrated acids, the resulting compoun® 
being decomposed on the addition of water. Diamidonitrophenol is soluble even m 
very dilute solutions of the mineral acids, forminff stable compounds ; like 
dinitrpphenol, it does not unite with organic acids, however. Diamdonttnp^o* 
wfpkate, [C«H*(NH7(NO»)OH]>.H*SO« + 5H*0,ctystalH808 in longyellpwiA ne^ 
or columns, and is difficultly soluble even in boiling water. JhmidonUnf^n^ 
hydrochloride foims delicate four-sided plates usually of a greenish colour. It is ww 
Bolrthlo in (xfid water and alcohol, but is separated ftom the latter solution ^ ^ 

by ether. Platinum chloride produces no procipitate, even in teiy coneentratea soiu* 
tions of this salt. , , 

The metallic denratires of diamidonitrophenol are for less stable than, 
amidodinitrophenol, and. undeigo oxidation when exposed to the air to a ■***' 
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fhoso which are dissolved bv water are more eoluble than the corresponding amido- 
dinitfophenol derivatives. Bariim dutaMonitro^hmol, [C*H»(NH®J*(NO*)0]*Ba + 
2H^0, separates in ruby-rod needles on the addition of barium chloride to a solution 
of ammonium diamidonitrophenol. If recrystallised from water, in which it is moder- 
ately soluble, it is obtainea in almost black glistening prisms. Silver diamidonitro- 
phenol separates as a reddish-yellow precipitate which rapidly blackens on the addition 
of silver nitrate to a solution of ammonium diamidonitrophenol. The zinc derivative 
resembles the silver derivative, but is far more stable. Basic lead acetate produces a 
reddish-brown precipitate in an aqueous solution of diamidonitrophenol. 

The formation of diamidonitrophenol is preceded by that of amidodinitrophenol, 
according to Griess ; but his experimonts show that, when the reduction of trinitro- 
phenol takes place in an alcoholic solution, as in the preparation of amidodinitrophenol 
hv Girard’s method, it has but little tendency to extend to more than one of the three 
iiitro-groups. Aqueous ammonium sulphide scarcely acts upon diamidonitrophenol in 
the cold, but when heated to boiling converts it completely into a blue-black, neutral, 
amorphous body, which is insoluble in all the ordinary solvents, hut is dissolved hy 
strong warm sulphuric acid (Griess). 

introBOpbenolSa Parajiz/rosojpAcao?, C*H*(NO)OH (1 r 4) (Baeycr a. Caro, Deut, 
Chm. Ges. B€r» vii. 968), is produced when nitrosodimethylaniline is boiled with 
sodium hydrate solution : 

C‘'HXNO).N(OH*)» + H*0 = G«HHNO)OH + NH(CH«)“; 


and by the action of nitrous acid on phenol. ...... 

Biicyer a. Caro prepare nitrosodimethylaniline by .adding 100 pts. of amyl nitrite to 
a mixture of 50 pts. of dimothylaniline with 100 pts. of concentrated hydrochloric acid 
and 750 pts. of a mixture of 1 vol. of hydrochloric Jirid with 2 vols. of alcohol, which 
is well cooled with ice. After a short time yellow needles of nitrosodimethylaniline 
liydrochlorido separate ; as soon as these no longer increase in quantity, the mass is 

thrown on a vacuum-flltor, and washed with ether-alcohol. . , 

To prepare the iiitrosoplienol, a mixtuio of 90 pts. water With 10 pts. sodium 
hydrate solution (sp. gr. 1-25), is heated to boiling in a flask connected with a reversed 
condenser, and 2 pts. nitrosodimethylaniline hydrochloride is gradually added, care 
hoing taken each time to await the di.sappcnranco of the oily drops of tho base before 
adding a fresh quantity of tho salt The boiling is continued until the gr^isli- 
yellow colour has entirely disappeared and changed to reddish -yellow. The 
part of the dimethylamine passes over during tho boiling, and should bo collected i 
hydrochloric acid. To obtain tho nitrosophenol the solution w wel cooled, rcndcTOd 
slightly acid with sulphuric acid, and extracted with ether, on distilling off tho ether 
it remains in the form of a brown crystalline mass. ^ e l 

Phenol is converted into nitrosophonol in tho foUowing ® 

end 20 pts. of potassium nitrite are dissolved in 1,000 pts. of water, and tho 
cooled OS well m possible with ice-water ; 10-12 pts. of oj^inary 
with 10 vols. of water, is then added little by little and with 
12-16 honrs the browm liquid is filtered tosoi)arato a small quantity rf 
extroctod witli otlicr ; in order, however, to avoid the action of W .glS 

Slid of tho nitrous acid present, on the nitrosophonol, whiA ^ mdinm 

off tho ether, concentrated sodjnm hydrate solution f 

mtrosoplienol whicli separates is spread upon poi^s plates , ^ slitfhtlv 

in water, the nitrosophi^l is separated by sulphuric acid, rad 
washed, it is rapidly dissolved in hot water; tho solution is then filtered, cooled, rad 
extracted with ether. On distilling off the efter, pure 

Nitipsophenol crystallises, on slow evaporation of an ethereal solul^n.m l^ town 

rhombic plates whwh have their brachydiagonal axis n, “p . ®p _ 

«i» c ill the ratio a :i:e- 0-50284 : 1 : 2-4601 ; and 

118® 41' 40", and P : P = 120® 6' 40". It is moderately soluble ^ J"? • 

when heated, and at 120®-180® docomposca wiA a slight explosion. K i^ogh^,^;^^^ 

roadilyaoluble inadilutesolutionof sodiumhydrote;_ona^ng a On 

hydeate solution, ‘sodium- nitrosophonol eoporates in re^is -b Ip it is 

oxidation by nitric acid, or by an alkaline sriution .!«*»?{"“ ^®ffi»c’lil^o 
oonvettod into paranitrophenol (m.^ 

it is convertUintopara-amidophenA VHien mb^lmnd isdi^i^^J^ 

a small quantity of concentrated sulpb^c is ^ ^ solution 

dHrkcherry-3ed coliur, which changes to blue on 

potassium hydrate. According to fopmed by tho action of 

^tter Gitts produced has the composition C**II » bo g . . e crams ®f 

2 mols. of ^ 1 rool. of ni^sophenol. To prepare it he mixes 6 grams or 
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phoDol witli an equal volume of concentrated sulphuric acid, carefully cooling to* prevent 
as fur as possible, tlie formation of sulpho-acids ; 2D grams of a 6 p.c. solution of 
potassium nitrite in conpontrated sulphuric acid is then added in quantities sufficient 
to maintain the temperature at 40^-50^ during the time that the reaction is taldna 
place (about fifteen minutes). The liquid is then poured into a largo quantity of cold 
'urator, the precipitate filtered olf, drained on a porcelain plate, and drieef over sulphuric 
acid. The substance thus obtained may bo dried at 130°. It is a brown powder 
easily soluble in alcohol ; alkalis dissolve it, forming a blue solution. 

The resin which is formed on acting upon phenol with dilute nitric acid is probably 
a product of the action of phenol on nitrosophenol (Baeyer a. Caro). 

Obloronltropbenols. Parachlororthonitrophenol^ G*H'Cl(NO*)OH (I : 2 : 4), is 
' the sole product of the action of dilute nitric acid on pnraohlorophonol (Faust, Dcui. 
Ckem. Gee. Ber. vi. 132; Beilstein a. Kurbatow, ibid. 1306); it is also formed] 
probably together with orthoehlororthonitrophonol, by the action of chlorine on ortho- 
nitrophenol (Faust a. Sanme, Atm. Ch. Pharm.^ Suppt. vii. 195; Armstrong a. Frevost, 
DetU. Chem. Ges. Ber. vii. 022). It melts at 86°-87°. The properties and metallic 
derivatives of this phenol have already been described (Iff Suppl. 912). It is con- 
verted by chlorine into dichlororthoiiitrophenol melting at 121°-122°, and by nitric 
acid into Dubois* pariichlorodinitrophonol melting at 81° (Faust a. Saainc). The 
barium derivative crystallises with 4II‘0 and not with 2H*0, as previously stated 
(Faust, Ann. Ch. Duirm. clxxiii, 317)* 

Orthocldoroparanitrophcnol, G*II*Cl(NO*)OH (1 : 2 ; 4 : ), is formed on chlorinating 
paranitrophonol (Armstrong, Chem. Soc. J. 1872, 12; Faust a. Muller, Ck Pham. 
clxxiii. 300); together with orthochlororthoiiitrophcnol, on treating orthochloroplicnol 
(b. p. 176°) with dilute nitric acid (Faust a. Muller), and by Griess’s method from tho 
chloronitroamidoplionol obtained on reducing chloro-a-dinitrophenol (m. p. 110°-111°) 
with ammonium sulphide (Faust, Zeitechr.f. Chem. 1871, 339). 

Oithochloroparanitrophenol is slightly soluble in cold water and moderately soluble 
in boiling water, from which it separates partly ns an oil which rapidly solidifies, 
partly in white silky needles ; it is very soluble in ether, chloroform, and alcohol. It 
melts at 110°-1 11°, but at a much lower temperature under water. It is only volatile 
to a very slight extent in a cuAent of steam. Nitric acid (sp. gr. 1*36) readily con- 
verts orthochloroparanitrophenol into chloro-a-dinitrophenol (m. p. 110°-111°); with 
chlorine it furnisho^ dichloroparanitrophenol (m. p. 125°). The ^tassium derivaUw^ 
G*H*Cl(NO^)OK -I- H^O, forms tufts of brown-yellow needles very soluble in water ; 
the sodium derivative forms yellow needles very soluble in water ; the cafeimn deriva- 
tive, (C*H*Cl(N0*)0)-Ca-h4ll*0, crystallises in tufts of canary-yellow needles, easily 
soluble in water ; tho barium derivative, (G*H’Cl(NO^)0)*Ba + 7H*0, separates from 
hot water, in which it is very soluble, in long dark-yellow glistening needles ; the 
magnesium derivative forms pale-yellow, very soluble needles, which contain a very 
large amount of water of crystallisation ; the silver derivative ciystalliscs from hot 
water in tufts of copper-brown, fiattened needles, difficultly soluble in water. 

Orthochhroj^fvmidophe^ hydrochloride is obtained on reducing orthochloropiwa- 
nit^hehol with tin and hydrochloric acid. It crystallises ih>m water, in which it is 
easily soluble, in white nobles (Faust a. Muller ). 

Orthochlororlhonitrophenol^ C®H*ClfNO*JOH (1:2:6), is formed, together with 
orthochloToparanitrophenol, when ortnochloropheDol is added to nitric acid (sp. gr. 
1'86) diluted with an equal weight of water (Faust a. Muller, toe. eit.) At &at a red 
oil is produced, but after a time this becomes solid ; it is allowed to remain for 24 
hours in contact with the acid, then removed, washed, and boiled with barium car- 
bonate. The difficultly soluble barium orthochlororthpnitrophenol is readily sepaiatou 
from the easily soluble barium orthochloroparanitrophenol by crystallisation. . 

Orthochlororthonitrqphenol is but slightly soluble in water; it dissolves eMily in 
chloroform, from which it crystallises in flat ^llow imperfectly developed 
volatilises readily in a current of steam, and may therefore be separated from ortho- 
chlororthonitrophenol by distillation with water. It melts at 70 . Nitric acid con- 
verts it into raloro-a-dinitrophenol (m. p. 110°-111°). Tho potassium demiwff^ 
crystallises in long dark-red glistening fiat needles, easily soluble in water; ttie 
derivative, (C*H*01(NO*)O)*C(a + IPO, forms short red-brown prisms, Irhich am 
grouped in wart-like forms, and are somewhat difficultly soluble in water; the 
derivative, (C®H®01(N0«)0)*Ba + H*0, forms short copper-brown pla^r 
usually united in little warts ; it is scarcely more soluble in hot thiin in cola wa^ 
ve^ little se^rating from the hot Runted solution as 

XHc^oropaf^trophsM or DMhochlcrmranitropkef^ C*H*Cl*(NO*)OH (j- * • 

4 : $V^f£e preparation of this oompouna (m. p. 125*), which was tot owamea / 
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geifart by chlorination of paranitrophenol (m. p. 114°), has previously been described 
lUtSuppl. 913); in this case orbhochloroparanitrophoiiol (m. p. 110°~111°) is first 
produced. It is also formed on carefully treating dichlorophouolsulphonie acid, pre- 
mrod from phonolparasul phonic acid, with nitric acid (Armstrong, Chem. Sac. J. 1871, 
1112 ; Faust, ZeU&chr.f. Chem. 1871, 338). Scitart states that the barium derivative 
crystallises in brown-red prisms or light-rod needles, according to concentration (Ifi^ 
top/. 013). According to Faust a. Muller, it forms either rod flat needles with 4H.-'0 
or long yellow noodles with 8H-0 ; the former separates first, the latter only appear- 
ing after some hours ; both modifications yield l^th forms in the same order on ro- 
crystallisation {Amt. Ch. Pkarm. clxxiii. 311). By the action of dilute nitric acid 
dichloreparanitrophenol may bo convortod into cliloro-a-clinitrophenol (Armstrong, 
loc. cit.) ‘When it is heated above its melting point it is decomposed with evolution 
of nitrogen, nitric oxide, and niti'ic peroxido ; a sublimate consisting of long yellow 
needles of ^chloroquinono and white prismatic crystiils of an unkiiowu body collects 
in the tube, and a brown-red residue is left (Armstrong a. Brown, Deut Chem. Gee. 
Her. vii. 926). 

A difihloronitrophonol, described by Peterson as molting at 106° (Ann. Ch. Pharm. 
clvii. 163), has since been shown by him (Dent. Chem. Gcs. Ber. 1873, 370) to bo impure 
dich loroparanitix)phonol. 


BicMorm'thonitrophcnol or ParachlororthocMororthonitrophcnolf Oir-CP(NO’*)OH 
(1 : 2 : 4 : 6), which is produced on nitrating the dicldorophenol melting at 42°-43° 
(1«^ Suppl. 913), is also formed wlien chlorine is passed into an aqueous solution of 
orlhouitrophenolparasul phonic acid, and by the action of nitric acid on the dichloro- 
liheiiolsulphonic acid produced by acting upon diclilorophenol (m. p. 42°-43°) with 
Biilplinric chlorhydrato, wliieh is doubtless identical with that formed on clilorinating 
Kekule’s phcnobyif/flsulplionic acid (phenolorMosiilplioriic acid), (Armstrong, Chem. 
Soc. J, 1871, 1110 ; 1872, 93; Faust, Zeifschr. f. Chem. 1871, 338). The potassium 
derivative of this dichlcronitrophenol, which is usually anhydrous, occasionally crystal- 
lises with a molecule of water (Faust, Ann. Ch. Pharm. clxxiii. 317). 

DicJdorcrthamidophrnol or Orthocldoroparaehlororthamldoplienol^ C‘‘H®Cl®.NIl*.OII 
(1 ; 2 r 4 : 6). — The hydrochloride of this compound is readily obtained by reducing 
dichlororthonitrophenol (ni. p. 121°) with tin and hydrochloric acid ; when the action 
is completed it is precipitatal by the addition of concentrate hydrochloric acid, re- 
dissolved in a small quantity of water, roprccipibitod by acid, and dried on }wrouB 
plates. It is readily converted into dichlorodiazopheuol, C*H-'CFON^ which is 
ol)tained uncombiiied with hydrochloric acid, by the action of nitrous acid cither on an 
aqueous or on an alcoholic solution (Schmitt a. Gluts, Bent. Chem. Ges. Ber. ii. 52). 

Orthochloro-tiL-diniirophenol or OrthochlororthonUroparanitrophenol^ C“H'‘'Cl(NO')®OH 
(1 I 2 ; 4 r 6). — This compound, which is the i 3 -chloi'odinitrophonol of Faiista. Smimo, 
molting at 110°-111° (Irf Suppl. 914), is identical witli the chlorodinitrophcnol 
(y-clilorodinitrophenol ; t5/<f.) obtained by Grioss (Armstrong, Chem. Soc. J. 1872, 96), 
and with that formed on treating trinitrophonol according to Stenliouso s method (1#/ 
914) with iodino cliloride (Petersen, Cheni. Ges. Ber. vi. 368), It is 
also produced 1. By the action of chlorine on a-dinitrophenol (Armstrong, Chem. 
Soc.J. 1872, 12; Faust, Ztiischr.f. Clum. 1871, 339). 2 . On nitration of orthochloro- 
paranitrophenol (Armstrong, loc. cit, ; Faust a. Muller, Ann, Ch. Phxirm. clxxiii. 309). 
3. On nitration of orthochlororthonitrophonol (Faust a. Muller). 4. By heating diazo- 
dinitrophenol from araidodinitrophenol (picraiiiic acid) with hydrochloric acid (I'aust, 
/oe. ci^.) g. jjy the action of nitric acid on dichlorophenolparasiilphonic acid (Arm- 
strong, Chem. Soc. J. 1871. 110 ; Faust, loc. cil.) 6. By the action of nitric acid on 
dichloroparanitrophenol (Armstrong). ^ - 

The potassium derivative, C®H='Cl(NO*y*OK + IPO, ciystallises in short, fin^ 
yellow needles; the derivative, C®H®Cl<NO*)*ONn+ UII®0, also in short 

yellow needles. The ammonium jfritw/ire crystallisos 

derivaUve with 9-lOOH*. Cedoiu7nchloro-a-dimtrophenol, [C®II Cl(NO®)-Oj“Ca + 7il tJ, 
forms long, flat, pointed, golden-yellow- needles; it is ouo of the most Ixjautiful ami 
rfmracteristie of tho derivatives of this phenol. The magnesium 
lis<3H in long, capillary, pointod, pale-yellow needles, which conUm 
cording to concentration; tlie copper derivative, [C*H®C1(N0*)=0] 

, H liair-flne, l)Hinohod, silky noodles of pwoiushjrenow colour, whi(* ta<^^rk 

nnwa ou dryint, AU tiiose aw wadily soluble in hot water, but difficultly solnwe lu 
owdwator. ' » . v 



■ r * ** • -Ann, jrnarm. cixxuj. oio , i 

®l^fttoii from hot water, in which it is moderately soluble, in long, ■ 7* 

Sitp^ 8 N 
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noodles of the composition, C*B?C1(N1P)N0*0H + ill>0. Tho dry substance mohq 
at about 140**. The Oarmm dleriva^iiw, rC*H*Cl(KH*)(N0*)0]’*Bn + 4H=0, ciT8tiilli8«.« 
fine, black noedlos; tho iul^hate, [C“H*Cl(NIF)(NO*)OH]*.H-SO\ separates fron^the 
saturated solution in yellowish, glistening plates, rather soluble in water ; tlio //?/. 
drochloridet C“H®ClNft*NO®OH.HCl, crystallises in short, yellow neodleSj andls 
easily soluble in water. 

FaracUoro-^-dinUrophenol or ParacAiorodiori/iwtiiropkenol, C®IPCl(N0“)*01I 

(1 : 2 : 4 : 6). This modification, which melts at 80**-81**, is commonly known as Dubois 

chlorodinitrophonol. It is jiroduced: — 1. !9y nitration of pamchlorophenol (DuboisY 
2. By the action of nitric acid on parachlorophenolsulphonic acid (Votcrson a. Ikohr- 
Fredari. Ann. Ch, Pharm. clvii.156). 3. On nitration of parachlororthoniti*ophenol 
melting at 86*’>87*’ (Faust a. Saame). 4. By tho action of sodium hydrate solution on 
the a-dinitr«maradichlorobonzone (m. p. 104°) of Jungfleisch (Engelhardt a. Latschinoff, 
Zeitschr. f. CItem. 1870, 234 ; iSlorner, Gas. chinu ital. 1874, 305). 5. On chlorination 
of iB-dinitrophenol (.(Armstrong, BeuL Cheni. Ges, Ber. 1873, 649 ; Kdrner. loc. cit.) 
6. In small quantity t-ogetlicr with chloro-a-dinitrophenel by the action of ioiliuo chlo- 
ride on trinitrophonol (Petersen, Detit, Chem, Ges, Ber, 1873, 369 ; Armstrong, ibid. 
650 ). 

^ FaTachloro-/3-dinitroplicnol crystallises in monoclinic prisms which exhibit tho com- 
binations OP. — P. -h-Poo .ooP. ooFoo ; tho cleavage being according to ccl^co. Tho 
orthodiagonal axis (o), the klinodiagomal (!»), and the pi*incipal axis (c) are in tho 
ratio a : 6 : c » 0*59553 : 1 : 0*73070, niid tho angles coP : ooP ~ G4° 34' ; 
OP : +P<o - 137° 40' ; OP ; QoPoo « 109° 30'; OP I ooP » 100° 17'; OP : - P 
Es 132° O' (Hossenberg, Jfin, Ch, Phami. clvii. 158). 

Tho ^taasium derivative^ C*'lPCl(NO'-y‘'OK, crystallises in long, fine noedlos of 
a magnificent red colour, which exhibit a motullic-greon lustre ; it is readily soliiblo 
in hot, but very difficultly soluble in cold water. The ammonium derivative^ 
C*H*Cl(NO^)*ONH^, forms fine, deep or.iiigo needles ; the sodium deriratioe^ 
C*IPCl(NO*)*ONa + 31PO, separates in scarlet-rod moss-like forms, difficultly soluble 
in cold water ; from alcohol it crystallises in smulL red needles. Tho barium dirivaim, 
[C*H*Cl(NO*)*0]*Bn + IPO, crystallises in fine, glistening, palo saffron-yellow needles, 
very difficultly soluble even in hot water ; t he lead dcrivativCt [C*IPCl(NO-)*0]“Pb + ] PO, 
is also very difficultly soluble in hot water, frf>m which it separates in fine, glistening, 
yellow needles. Tho copper derivative^ [C*H*Cl(NO*)*0]*Cu + 2IPO, forms saffron- 
yellow needles. The ailver derivative, C«Il-Gl(NO^)-OAg, which is very difficultly 
soluble in water, separates from tho hot solution in fine, bnlliant-roil noodles. 

Paraehloro-^-dinitrophenetol, C*H*Cl(NO*)*OC*H*, crystallises from alcohol in almost 
colourless, glistening needles, or palo yellow rhombic plates. It melts at 64°'55‘* 
(Petersen a. Baohr-Predari). 

Other Chlorodinitrophenola, — By heating fi-dinitroparadichlorobenzene (m. p. 101°) 
with sodium hydrate solution, Engelhardt n. Latschinoif {Zcit.f. Chem. 1870, 234) 
obtained the sodium derivative of a dinitroparachlorophenol melting at 70°, isomeric 
with parachloro-jS-dinitrophonol. This observation has re<;ontly been confirmed by 
Kdrner (Gaz, chim, ital. 1874, 395). According to the latter, the potassium deriva- 
tive of tliis phenol ^stallises in small platos of the samo colour as the silver dorivutivo 
of Dubois’ chloTodinitrophenol. 

A metachlorodinitrophenol has been obtained by Korner {loc, dt, 376, 400) by 
treating the dinitrome/odichlorobenzene (m. p. 103°), formed on nitrating motadichloro- 
benzene (1 : 8) with potassium hydrate. The potassium derivative which is thus pro- 
duced is yellow, and only slightly solublo in water. . 

Petersen a. Baehr-Prodari (Ann, Ch, Phami, clvii. 161) obtained a small quantity of 
a dinitroohlorophenol, molting at 114°, together witli Dubois* chlorodiuitrophenol, on 
nitrating tho sulpho-acid from chlorophonol (b.p. 218°). Whether, if a puresubstenM, 
this was derived from the pamchlorophenol, or, which appears to bo more probsWe, 
from metachlorophenol present in tho parachlorophonol employed, was notdetenmnea. 
The metallic derivatives of this compound are more soluble than, and not so wei 
crystallised as, those of parachloro-i9*dinitiophonol. The potassitm 
0*H*OFlffO*)^OK + H*0, crystallises in brick-red, moss-like nggr^tes *» 
has a brilliant carmine-red colour. The ammonium derivative, C^iPOlfNP'rJJJ^ 
+ H*0, forms orange-yellow needles; the barium derivative, [0*H*01(N0J) 0]^ 
•f 2H*0, mystallises in ochre-yellow needles, which become orange-red' on dnrmg ; 
silver derivative separates from hot water in small, granular, pale-red crystals. 

The diniiroehlorophsnol melting at 69° which Petersen (tee. cit, g- 

isomeric vrith Dubois' chlorodinitrophenol, he has slnee stated {fiSiU* Cam, -n 
vi. 862 ) is identical with the latter. 
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Sromonltroplienols* TarahromotthonitropThenol^ C®H*Bp(NO*)OH (1 : 2 • 4^ is 
the first product of the action of nitric acid on parabroinoplionol (ITuebner a’ Brenkon 
J)nU. Chem, Gm. ^ 170; Kornor. Gaz. chim. ital., 1874, 388; ArmstronaV 
It melts at 87°-88®. Tho sodium derivative, C“H»Br(NO*)ONa, crysUillises lu 
amall deep-rod needles, which exhibit a golden-green lustre, it is extremely soluble 
in water. 

Orthobrompparaniiropheiiol, C«H*Br(NO*)OH (1:2: 4), is produced when bromine 
acts upon tmranitrophenol. It molts at 102® (Is^ 8uppL 912). Tho barium derivative 
[ 0 "H*Br(NO'‘»)O]*Ba + 6H*0, cryetallisos in tufts of orange-yellow noodles, somewhat 
difficultJv soluble in water (Bmnck, Zeitsehr. f. Ckem. 1867, 204). 

Oriholromorthonitrophmol, C®H®Br(NO*)OII (1:2: 6), is apparently formed, 
togeUier with parabromoithoriitrophonol, by tho action of bromine on ortlionitrophenol 
(Armstrong a. Prevost, IkuL Cfiem. Ges, Ber. vii. 922), but it has not yet boon sepa- 
rated in tho pure state. 

Bibromoparaniti^f^ol or Biorthobromoparanitropheiiol, C®H“Br*(NO*)OII 
(1:2:4: 6), which is the end-product of tho action of bromino on paranitrophonol 
(l«/f Suppl. 012), is also formed by nitration of dibromophenolparasulpbmic acid 
(Armstrong a. Brown, Chetu. Soc. X 1872. 857). When heated slightly above its 
melting point (141°), it is decomposed ; nitrogen, nitric oxide, and nitric peroxide nr© 
evolved, and a sublimate of dibromoquinono mixed with a second body is obtained 
in tlie tube in which tho docompositiun is effected, and a brown residue remains 
(Armstrong). 

Dihro<i7u>^ranitranisol, C®II®Br®(NO®)OClI*, crystallises in wliito prisms melting at 
122-6° ; it is slightly soluble in cold alcohol, but more soluble in hot alcohol. When 
(ligo6to<l with alcoholic ammonia at 180°, it is converted into dibromoparuiiitroaniline, 
melting at 202-6°, which, on treatment with etliyl nitrite, fiiruishos uitrometadibromo- 
benzene, molting at 104 ‘6 (Kdrner, Gas. chim. ital., 1874, 390). 

Vibromorthonitro^henol op Parabromorthobromorthonitrophenol, C®H‘^Bp*(NO*)OH 
(1:2:4: 6). — This is formed by the action of bromine in excess on orthonitrophenol. 
It is also produced by nitration of ordinary dibromophcnol (ls« Suppl. 912), by nitra- 
tion of dibromophenolorthosulphonic acid (Armstrong a. Brown, loc. cit. 863), and by 
tho action of bromine on orthonitrophonolparasulphonic acid (ibid. 870). It molts at 
117°-118°. The Tolumiiious brown-red precipitate of the silver derivative which 
forms on adding silver nitrate to a dilute boiling solution of tho potassium derivative, 
is converted, on standing 24 hours, into rod iiuedlos 6-6 mm. long, which exhibit a 
brilliant metallic lustre ; in tho dry state these crystiils rcsomblo rapidly crystallised 
potassium chrysammato (Kornor). 

BUn'omorib^nUranisolf C®II*Br’*(NO*)OCH*, which is produced on digesting the 
silver derivative with methyl iodide, crystallises in long noodles which exhibit a slight 
yellowish-j^een tinge ; it melts at 76*7°. It is converted by alcoholic ammonia at 
170° into dibromorthonitranilino (m. p. 127*3°), which, on troiitment with ethyl nitrite, 
lurnishes tho same nitrometadibromobenzono (m. p. 104-6°) that is obtained from 
(libromoparanitrophenol by a similar series of reactions (Korner, loc. cit. 392). 

Orthobromo - a - diiiitrophenol or Orthobremorthonitroparanitrophenol, 
C''H=Br(NO'-*)*01I (1 : 2 : 4 ; 6), was first obtained by Laurent {Bev. Scient. vi. 66) 
by the action of bromino on a-dinitrophonol. It is also produced : 1. On nitratiou of 
°^°bromoparanitrophenol (Korner, loc. cit. 394 ; Armstrong). 2. On nitration of or- 
thobromophonol (Kornor ; Armstrong). 3. Together with parabromo-jB-dinitrophonol 
on nitrating the product of tho action of 1 mol. of bromino on orthonitrophenol, being 
torniod doubtless from the orthobromorthonitrophoiiol present in tho mixture (Arm- 
strong a. Prevost). 4. On nitration of dibromophenolparasulphonic acid (Armstrong 
a. Brown, Chem. Soc. J. 1872, 861). 6. On nitration of l)romophenoldisulphouic acid 

t^mstrong, ibid, 866). 6. By digesting trinitrophenol with bnmine iodide and 

Water (Armstrong, Beat, Chem. Ges. Ber. vi. 660). 7- By tho action of potassium 
yarato solution on the bromodinitroanilino (m. p. 144°) obtained on treating ordinary 
^ n (1:2:4) with bromine (Korner, wc. dt. 394). 

Yrthobromo-a-dinitrophenol molts at 118*2° (Korner). It separates from boiling 
ater, m which, however, it is only slightly soluble, in short, fine, almost colourless 
oeuios. It is readily soluble in hot alcohol, from which it crystallises in long hair- 
nno uoedlos. The potassium deHvative, C®H*Br(NO*)*OK + H*0. forms brilliant 
™ needles ; it also separates in orange prismatic needles containing 1 mol. of 
ep, and the salt with 14- mol. of water reacfily parts with the ^ mol. on exposure 
bv 1 ° ?'’^* ®°th forms are difficultly soluble in cold water, although readily dissolved 
The 6artum derivative, [C®IPBr(NO*)*0]*Ba + 4-6H®0, is very 
vaiift soluble in water; it crystallises in short noediM of a more or less deep 
colour, according to the state of ooncentratiou and temperature of the solution 
▼hush it separates ; the darker forms always contain more water of crystaiusa- 

8 If 2 
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tion than the lichter. The calcium derivative^ [C«H*Br(N0*)*0]*Ca + 7 8H»0 ig 

readily Boluble in hot water, but difficultly in cold; it separates from a hot concenira^ 
ted solution in brilliant oraiigo-rod rhombic plates, and from voi^ dilute solutiong Iq 
short fino yellow needles (Armstrong a. Brown). According to Huobnor a. Brenken 
the yellow salt contains 120H*. The orange-red form is gradually converted into tho 
yellow if it be allowed to remain in tho solution. 

The bromodinitroanilino (m. p. 144®) from which this bromodinitrophenol may bo 
obtained {supra) is not atta<^cd by ethyl nitrite (Korner). 

Varahroma-^-dinitrophenol or Parabrormodwrtlionitrophenolt C*H*Br(NO*)‘OH 
(1 : 2 : 4 : 6).— This compound, first obtained by Korner on nitration of cruuo bronio. 
phenol {Ann, Ch. Pharm, cxxxvii. 205), is formofl : 1. By the action of nitric nckl on 
parabromophenol (Korner, Gaz, chim, ital., 1874, 388; Arinsti*ong). 2. By tlie 
action of nitric acid on pure parabromorthonitroplionol (Armstrong), so that it is 
produced, together with orthobromo-a-dinitrophenol, on nitrating tho mixture of pani- 
brom- and orthobrom-orthonitrophenol formed by the nctioii of 1 mol. of broinino on 
orthonitrophenol (Armstrong a. Provost, Deut. CJi&m. Gr». Per. vii. 922). 3. By tljo 
action of bromine on jS-dinitrophcnol (Kiimer, foe. cit. 327, 397 ; Armstrong). It is 
very difficultly soluble even in boiling water, and soparjitos on cooling in sliort yi llow 
neodlos. From other, in which it dissolves easily, itcryst^illisosin largo oraago prisirlis. 
It molts at 75-6° (Korner). When heated until water and bromine on the water- 
bath, bromo-js-diiiitrophcnol if* converted into bromo-a-dinitrophenol ; lipuce it is 
necessary, in tho preparation of bi*omo-/3-dinitrophenol from jS-dinitroplienol and 
bromine, to warm the mixture genihf to 50®- CO® ( Annstrong). Tho dcrivaiiir, 

C"H®Bi(NO'*)'’OK, which is very difficultly soluble in cold water, and far loss soliilde 
ill boiling water than potassium ortliobroino-a-dinitrophenol, crystallises in magnifii cnt 
fiat crimson needles, which exhibit a bciiutiful mctailic-grocn lustre, especially whon 
viewed surrounded by water. Tho silver derivative resembles most closely that of lli« 
corresponding (Dubois*) chlorodiiiitrophcnol, but lias a slightly deeper colour. 

Other Bromodinilrophcnols, Mctahromodinitropheiiol^ C“IPBr(N0“)“01I. -^Tho 
potassium derivative of tliis compound is obtained on heating the dinitromctodibronio- 
bebxone (nu p. 117*4°), which is produced by tho action of ft mixture of iiitncnnd 
sulphuric acids on nitromotiidibromobenzono (1:3:4) molting at 61*0°, with nn 
aqueous solution of 2 mols. of potassium hydrate. It is also formed on nitration of 
metabromophouol (1:3; Korner, lec, cit, 889, 398). It is easily soluble in idcoliol 
and other, from which it crystallises in large transparent, almost colourless prisms; 
it is precipitated from a concentrated cold aqueous solution by hydrochloric ncid in 
small plates, and from a hot, less concentrated, solution in long needles. It is soIuIjId 
in concentrated nitric acid, hut precipitated in pdates on the addition of winter. It 
melts at 01 ’5°. The potassium derivative is dimorphous. If crystallised from tho 
nofirly boiling solution, it separates in long bright yellow anhydrous needles, which pre- 
sent a magnificent setaceous appearance ; and those, if left in tho solution, suddonly 
assume a paler colour ; also if tho darker salt be heated to 1 20° tho crystals fall to 
a powder consisting of rainuto crystals of tho lighter salt. When crystallised at a 
very low temperature, the potassium derivative forms large transparent bright-yellow 
rhombic plates which contain water of ciystellisation; these very i-cadily part with 
their water, even when immersed in tho solution, and become opnque. Tho calcium 
and barium derivatives are obtained on tho addition of calcium or biirium chloride to 
a hot solution of the potassium deriv.itive, in long yellow pointed needles. They 
detonate more violently than potassium trinitropheiiol when heated. The silver de- 
rivative is thrown down as a bulky yellow precipitate on the addition of silver nitrate 
to a solution of the potassium derivative ; whtm touched witli a glass rod it assuineBa 
magnificent rod colour at the point of contact, which soon extends to the whole mass. 
When it is dissolved in a largo quantity of boiling water, and tho solution is cooled, 
it separates in small needles and laminse, perfectly united in strawberry-liko forms, of 
a magnificent dark crimson-red colour, wnich rival velvet in softness and splendour. 
Metwromodinitranisol, C*H®Br(NO®)*OCH*, d^stallises from ether in email prisnif|i 
from alcohol in rhombic plates of a greenish-yellow colour ; it melts at 109'4° (Kbmer). 

Sodohltrophenolfl. Orthiodoparaniirop henolt C*H*I(NO*)OH (1 1 2 \ 
which melts at 93°-9A°, has already been described {Ut Suppl. 914). 
meiit (iTlsu^. CAflwi, Ges» Ber. vii. 462) that the iodonitroohenol obtained by the acm 
of iodine and mercuric oxide on non-volatile nitrophenol docs not possess th^e propetw 
ascribed to it by Kfirner, and that it melts at 164°- 165®, is incorrect ; the jubstw 
he obtained was undoubtedly diiodoparanitropheuol (Armstrong). OrthejM^^ 
nifrophenol it readily converted into iodo-o-dimtrophenol (m. p. 106’) 
of nitric add (Aimstrong). 
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jodorthonitrophenoUt C*H*I(NO-)OH. — According to Busch the action of 
iodinoand morcuric oxide on orthiodonitrophonol (volatile nitrophenol) dissolved in 
glacial acetic acid, rives rise to the formation of two isomeric iodonitrophenols, viz: 
%.iodonitrophanol^ which molts at 90^-91®, crystallising in long yellow needles, easily 
Boluhlo in not water, alcohol, and ether; and ^-wdonitrophemU which melts at 66°-67®, 
and crystiillises in short yellow iiccdlfs easily soluble in hot water, alcohol, and ether. 
Tlio a-compound is difficultly volatile in a current of steam ; the jB-conipound, how- 
ever, volatilises readily. ^ Potas6itim-a‘iod(mitrophf^wl, C“n“I(NO*)OK, forms red 
iiccilleB vor;^asily soluble in water, but difficultly soluble in alcohol; the ia-dorivativ(?, 
C“Il-'I(NO*)OK -l- 'H*0, crystallises in small golden-red glistening plates, very easily 
soluble in water and alcohol. Busch’s description of the ioflonitrophonols from ortho- 
iiitrophonol appears to be very incorrect (Armstrong). When the product of the 
action of iodine and mercuric oxide is submitted to distillation in a current of steam, 
orthonitrophonol, together with a certain quant ity of iodortlionitroplieiiol, passes over ; 
the residue consists of iodo- and diiodo-orthonitrophonol. If the volatilised portion 
be dissolved in potassium carbonate solution, the pobissiiim derivative of an iodouitro- 
plioiiol separates in crystals, such as, accortliiig to Busch, are formed by potassium 
/3-iodonitrophenol ; but tho phenol from these, ;iftcr repeated- reci^stallisatiou from 
iilcohol .molts at 109®-l 10°, andfnrnishes a pot-issimu derivative, O‘n*I(N0=)0K + 11*0, 
cryslallising in aggregates of somewhat irregularly flcvelopoil rhombic plates of a 
nmgnificent garnet-red colour l^y ti'siiisiriittcd light ; in rcfl()(!ted light these crystals 
exhibit a beautiful golden-green metallic lustre; they are easily soluble in hot, but 
difficultly sohiblo in cold water and alcohol. When the mixture of iodo- and diiodo- 
nilrophonol ahovo referred to is treated wdth potassium carbonate solution, the 
solution evaporated to dryness, and tho mixture of dry Kilts extracted ^vith boiling 
alcohol, a considoriiblo quantity of tlio potassium derivative of the phenol molting at 
109°-110° is likewise obtained ; this iodorthonitrophcnol crystiillises in orange prisms 
or needles ; it is readily soluble in boiling alcoliol, but difficultly soluble in cold 
alcohol; it is only very slightly solublo in water, and does not volatiliso to any con- 
sidcrablo extent in a current of steam. Busch’s o-iodonitrophciiol was probably 
impure diiodonitrophonol (m. p. 98®). 

Orthwdo^ardinitrophcnol or OrthiodorihmUroparanitrofhenoU C*H*I(KO®)*OH 
(1 : 2 : 4 : 6). — This compound was first obtained, but in an impure state, by the action 
of iodine and iodic acid on a-dinitroplienol by Koriicr. It is also produced: 1. By 
tho action of iodino and mercuric oxide on a-dinitrophenoi (Armstrong, I)eut. Chem, 
Ges, Bn, vi. 651; Wcselsky, Ann. €h. Pharm. clxxiv. 111). 2. By the action of 
liyilriodic jicid on diazodiiiil rophcnol (Korner ; Armstrc»ng). 3. By the action of nitric 
nciil ou orbhiodoparanitrophcnol (Armstrong). It crystalli.scs from boiling water, in 
which, however, it is only sparingly soluble, in long fine lemon-yellow needles which 
neltat 106° (Armstrong), 108° (Wosolsky). The potassium derivative^ C"H*I(NO*)*OK, 
forms deep orango coloured needles, easily solublo in hot, but difficultly in cold water, 
'i'ho calcwtti derivative, [C‘'n-’I(NO*)*0]*Ca + 6IFO, cry-stallisos in beautiful orange- 
red monoclinic (?) plates, e.isily soluble in hot water, but difficultly in cold; tho ftarium 
derivative crystallises in flat.ncofllos of tlie colour of potiissium dichromate. 

Paraiodo - - dinitrophcnol or Paraiododiorthonitrophcnol, C*II*I(NO*)®OH 

(1 • 2 ; 4 I 6), is produced by the action of iodine and mercuric oxide on an alcoholic 
solution of jS-dinitropheuoL (Armstrong, Dcut. Chem. Ges, Ber. vi. 649). The potassium dori- 
yetiv'i! is obtained when iodino and iodic acid are added to a solution of 3"dinitrophenol 
in a large excess of potassium hydrate solution, and tho liquid alternately rendered acid 
■'»nil alkaline (Korner, Gas. chim. ital, 1874, 397). It crystallises from water, in 
wliich it is very sparingly soluble, in short fine yellow needles, _ melting at 113°. 
Tim potassium derivative forms magnificent camino-red needles, which, however, when 
viewed in certain directions, exhibit the splendid motallic-green appearance of mur- 
jjxido, and in others a golden-yellow colour; it is very difficultly soluble in water, 
yio silver detivative is precipitate by silver nitrate from a dilute boiling solution of 
the potassium derivative in magnificent brown-rod small needles, 
Bulpho-phenola or Vtaanolsulplionto Aoidai The oxperim^ts of 
Faust (Zeiisc/ir. /. CAem, 1871i 389), of ^^strong, and of Armstrong a. Brown 
[('^t.Soc. J. 1871, 1112; 1872, 12, 867), do not lend support to SolommanofTs 
statement (Isi Suppl, 924) datthe action of sulphuric acid on phenol produces simul- 
^noously throe momenc phenolmonosulphonio acids, CH^OILSO*!!, but confirm 
® that only two aie formed. p. 

f^enolorthobulpicnie acid. KekuWs Phenolmtasulphonuf aetd (^-PA««y<- 
^Phurio acid ; lei Buppl. 028). C•H•.OH.SO•^ (1:2). . 

Solommaaofirs experitaenta {Zdteckr.f. CAm. 1860, t. 206 ) on tho action of benioyX 
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chloride on potassium phenolorthosulphonate do not in the least confirm Engfilhanlt 
a. LntachinofT’s view that tlie a- and ^-acids formed from phenol and sulphuric acid 
are related in the same manner as isethionic acid and hydrogen ethyl-sulplmto, but are 
quite in accordance with the view that both are oxybenzencsulplionic acids, since by 
heating the potassium salt of the 3'ucid with benzoyl chloride, he obtained heaizmihmid 
C*H^(OH).CO.C*H*, and not benzophenone, C“H*.CO.C*H* (1«< 926); the 

precise nature of the reaction wliicli takes place cannot, however, be stated, as the 
composition of the product containing sulphur has not been ascertained. 

When heated with water and hydrochloric or sulphuric acid in sealed tubes at about 
140°, phonolorthoBulphonic acid yields phenol and sulphuric acid (Armstrong). 

Anilinc-phonolorthosulphonato, C*II*(OH).SO*(Nn*(>'H*), is resolved into phenol and 
Bulphanilic acid when carefully distilled (Kopp, Dent, Ckem. Ges, Bcr, iv. 978V 
C“HXOH).SO>(NH»C«IP) = CH* OH + C>H‘.Nll*.SO»H. By the action of nitric 
acid on potassium phenolorthosulphonate, tho potassium salt of a nitrophcnolortho- 
sulplionic acid is produced, which does not appear to be identical with that fumicd 
from paranitrophenol and sulphuric acid (Bost., ibid. vii. 1323). 

Bhenolparasulphonic add^ C*n^OH.SO*H (I : 4). -According to Kekul^, potaBsium 
phenolparasulphonato yields resorcin when fused with an excess of jpobissium hydrate, 
although always in small quantity. Lincke {J. pr. Chem. [2], viii. 43) has made a 
scries of experiments on this subject, and also finds that very little resorcin is pro- 
duced, but at temperatures above 300° a reaction occurs which results in the forrantidri 
of a diphcnol, C''‘*H‘'(OH)v isomeric with that obtaino<l by BartJi on fusing phenol 
with potassium hydrate, but identical with tho diphcnol which Griess procured by 
heating tctrazodiphcnyl nitrate with water (iv. 412). 

Aniline-phenolparasulphonato melts at about 170° and decomposes at 180°-] 00°, 
pure phenol distilling over, and a residue of sulphanilic acid being left (Kopp). Pbo- 
nolparasulphonic acid is decomposed into phenol and sulphuric acid on heating with 
water and sulphuric or hydrochloric acid in sealed tubes at about 150° ; it is, hovover, 
far less readily decomposed than tho isomeric acid (Armstrong). 

When potassium phonolpamsiilphomite is heat^ for some time with double tho 
weight of pbusphonis pcntachlorido in a flask or retort connected with a reversed con- 
denser, and then distilled, a product is obtained wdiicb, on rectification, yields a mix- 
ture of sulphurous chloride, SOCB, and phosphoric chloride, POCl", l)oiling at 60°- 
120° ; from tho higher portions of the distillate an oil boiling at 265°-267^ may bo 
separated by rectification, and, when the intermediate portions are added to w'litcr, n 
considerable quantity of pmidichlorobonzono is obtained, together w'ith a solution 
containing hydrochloric, phosphoric, and moDOchlorophenolphosphoric acids. Thu 
dichlorobcnzcne boils at 173°-174°, and melts at 53°-64°. The oil boiling nt about 
266° has tlio composition C*lPCPPO* » POCP(OC*H*Cl) ; it is converted by water 
into chlorophenylphosphoric acid, PO(OH)®(OC*H'Cl). and by heating with phos- 
phoruB pen^hloride into dichlorobcnzeno. When hcaUd with water in sealed tubes, 
chlorophenylphosphoric acid is readily converted intoparachlorophenol (b.p. 217°)Ri^(i 
phosphoric acid. The first action of tlie pcntachlorido appears to consist in the form* 
ation of phenolparasnlphonic chloride, which then furnisnes chlorophenol ; thus : 

{so>on + = C'“‘{so>ci + * HO: 

1 C*H« jgQjQj + PCI* - « SOOl* + POCI*. 

The chlorophenol is probably in part at once converted into dichlorobenzene : 

C«1PC1.0H + PGP - CPH^CP .f POCl* -f HCl, 
bnt IS mainly converted by tho action of the phosphoric chloride into chlorophenyb 
phosphoric chloride : 

OH-C1.0H + POCl* = PO(O.C*H^Cl)Cl» HCl, 
which doubtless in part also undergoes conversion into dichlorobenzene (Barbagha a* 
Kdcul4, J>eut. Chem. Gee. Ber. v. 875 ; vi. 948). ^ 

Phenoldisulphonic acid. PhenolorthMaradwdphottie acidt C*H*.OH.(S^H) 

(1 : 2 : 4).— This compound flsf SuppL 926) is produced when diazobenzenesulphoni 
acid from sulphanilic amd is wormed with fuming sulphuric acid (Armstrong a. 
Prerost, Beat; Chen^ Ge^ Bet. vi. 064). 

PhenoltriMulpkOffUt^aeii, C*H».OH.(S0*H)* (S«nh«fw, .Aw. Ci.1^ ^ 
110 ; Anuaheim, (d^i* 28).—:To prepare this add, 15 pams of phosphoric 
dride an(V 30 grams concentrated sulphuric acid are iniroauced info n strong g 
iuH and mixed & a thin paste vrith the aid of a glass rod ; 6 grams of , 

idded, care heiqg takeh to mis the liquids as little 'as possible ; the tube seauw , 



PHBNOLSULPHONIO ACIDS. 919 


the contents carefully mixed ; and the tuLe heated for several hours at 180°. The 
product is boiled -writh a largo quantity of water until the smell of sulphurous 
ftTihydride is no longer app^nt, an excess of milk of lime is udclod, and the pre- 
cipitate separated by filtration ; the residue is once op twice boiled with water, and 
the liquid added to the first filtrate. The filtrate is then treated, first with hydrogen- 
potassium carbonate, in order to remove tlie dissolved calcium hydrate, aiid atWrwanIs 
with dipotossinm carbonate until the whole of the calcium is precipitated as carbonate ; 
a solution containing basic and normal potnsHiiim phouoltrisulphonatois thus obtained, 
from which the former is separated by crystallisation. When, on further evaporation, 
a p.'isty ma.s8 only is obtained, tho whole is acldulntod with acetic acid and evaporated 
to dryness ; tho potassium acetate is then oxlKudod by alcohol ; and the residue of 
tripoUissium phenoltrisulplionato purified by several recrystallisatioiis from water. To 
obtain tho free acid, a solution of either of tho pobissium salts is precipitated with basic 
lead acetate, the precipitate is suspended in water at 100°, and tlccomposctl by hydro- 
gen sulphide ; and the filtrate from the lead sulphide is evaporated on the w'ator-bath 
to a syrup, from which the acid sepanitcs in fine needles (Senhofer). Annalicim 
obtained phenoltrisulphonic acid by heating oxybcnzcnesulphono (ox 3 'sulphobenzido), 
(C"n^.OH)*SO*, with thrice its weight of fuming sulphuric acid, at 180°- 190° for 1 to 2 
hours. 

Phenoltrisulphonic acid crystallises in stellate groups of needles or in short thick 
prisms, containing water of cr^’stallisation ; it is extremely hygroscopic, and rapidly 
dcliquosees on exposure to the air. Tho crystals dried at 100° contain mols. of 
'walor. It begins to decompose, w'ith scpnratiou of sulphuric acid, on heating at 105°. 
It is not affected by boiling with nitric acid, but is decomposed by bromine-water. 
solution of tho free acid, or of oiw. of its soluble salts, is coloured a deep blood-rod by 
ferric chloride. Barium pficiwlirisulphotMtet [C"JI-.01T.(iSO*)"]*Ba* + forms 

white crystalline scales, which dissolve in water with difficulty (Senhofer). A.nn'^heim 
obtiincd a salt with 1 0 mols. of water, crysbillising in small glistening prismatic 
pbitps. Tripotassium ph^noltrmdphonatp, C*H*.OH.(SO*K)® + 4H®0, crystallises 
in rhombic plates, easily soluble in w'ater ; tlie tcirapotassmm salt, C®H*.OK.(SO*K)* 
+ 21i'*0, forms long flat concentrically grouped needles. The silver salt, 
(!"n'*.On.(SO*Ag)®+ IvJIPO, crystallises in fine needles. Tho dasic lead saltf 
2PbIPO* + 4 jlPO, is obtained as a heavy white crystalline powder, 
almost insoluble in water, on tho addition of ba.sic load acetate to a solution of either 
of llio potassium salts. Sodium phcnoltrisulpkov ate, C*IPS*0*‘’Na* 3H*0, forms 

very soluble colourless needles. Cadmium phenoltrisnlphonatc, C*IPS*0'®Cd*.-»- 7H*0, 
crystalli.sesin flat plates; the copper forms long fine green needles, which are very 
soluble ; the ammonium salt forms crystalline scJiles, very soluble in water. 

Phcnoltetrasulphonic acid, C®H.OH.(SO*H)*. — Annalicim ^l^. cit.) obtained 
a potassium saltcr^'stalli.sing in small rhombic prisms, of the composition of potassium 
phcnoltotrasulphonato, from tho product of the action of 500 grams of fuming sul- 
phuric acid on 125 grams of phenol at 190°-200°. 


Chloroplienolaulplioiiio adds* — a-ParacJilofu^henclsulphonic acid or Para» 
chlvrophenolorthosulphomc and, C"IPCl.OH.SO»H (1:2: 4), is prepared by heating a 
mixture of parachlorophenol (1 : 4) with tho equivalent qiuintity of fuming sulphuric 
acid forsuveral hours on tho waterhath, &c. (Petersen u. lliichr-Predari, Aun. Ch. Vharm, 
clvii. 121 ; Sitppl. 024). It crystallises from the concentrated aqueous solution in 
largo, colourless, glistoning plates, containing 1 mol. of water; the imro acid melts at 
75°-.76°, and begins to decompose at nlx>ut 100°. The acid and all its salts yield an 
intense blue-violet colour with ferric diloride. On fusing tho pohiBsiura salt with an 
excess of potassium hydrate at 160°, a small quantity of pyrognllol, together with 
traces of hydroquinonor is obtained. Nitric acid readily converts tho acid and ite salts 
into parachloTO-^-dinitrophenol, molting at 81° (Petersen a. Baehr-Prednri) ; tho for- 
mation of this compound is preceded by that of a nitrochlorosulphonic 
Pent. Cltem. Gsa. Ber, vii. 404). Potassium cMoroplisnolsulphonate, C*II 
+ ZH^O, forms flat, monoclinic prisms ; the anhydrous salt dissolves at 20 ui 9 2o 
pts. of water, and at 100° in 2*24 pts. On recrystallising tins salt from strong 
alcohol, glistening quadratic plates containing 1 mol. of water are obtaanwl “ I'® J' 
jlrous salt, crystallising in small needles, is obtained if absolute alcohol be employe . 
fhe 8odiu7n salt, C*H*ClSO*Na, forms colourless noodles, often united in 
hihiim salt, C*HK31SO*Li + H»0, crystallises in 
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OrthochloroparaGhlorophcnolorthosulfhonio acid, C® 1 I=C 1 * . OH . SO>H 
(1 : 2 : 4 : 6). — This compound is produced when chlorine acts upon phenolorthosul- 
phonic acid (Faust ; Armltrong), ami by the action of sulphuric acid or chlorliydric 
Bulphato on tho dichlorophenol melting at 42®-43® (Armstrong, CActk. iSbc. J. [2], x. 
93 ). The motallic salts of tliis acid have not yqt been examined. By tho action of 
nitric acid it is readily converted into dichlororthonitrophonol (m. p. 121°). 

Trichlorophenolsulphonio acid. — Trichlorophcnol dissolves in warm fuming 
sulphuric acid, and tlm solution solidifies on cooling to a mass of crystals (Kckul6, 
Org, Oim. iii. 233). When chlorhydric sulphate is added to triclilorophciiol, hydro- 
chloric acid is evolved; the product dissolves in groat part in water, hut on standing, 
trichlorophenol separates from the solution, in couseqiiciicc, it would appear, of the 
gradual decomposition of tho sulpho*acid (Armstrong). 


Bromophenolsulptaonio Acids. Bromophenolparaanljihonic acid, 
C®H’Br.OH.SO*’IT.~Tho potassium salt of tJiis acid is formed in relatively small 
quantity, togotlier with potassium dibromophenolparasulplLonatc, on adding 1. mol. of 
hrominc to a cold aqueous solution of 1 mol. of potiissium phenulpHrasulphonato(Sen- 
hofor, Ann. Chem. BJharm. clvi. 102). Potassium bromophonolparasulphonate crystal- 
lises in prisms ; its aqueous solution is coloured a pale violet by ferric chloride, and is 
precipitated by basic lead acetate. 

2}ro7Hophenolorthostilpkonic acid. — ^Tho potassium derivative of this compound 
is formed in a similar manner from potassium phenolorthosidplionato (Senhofer)*,' an I 
crysfcilliscs in pointed needles ; its solution is procipitatal by lead acetate. The barium 
saft is moderately soluble in hot water, and crysbilliscs in anhydrous forms; tho copper 
salt is also anhy^ous. 


Diorthobromophenolparasulphonic acid, C®IPpr*.On.SO*H (1 : 2 ! 4 : 6). — 
Tho potassium derivative of this acid may be obtained in theoretical quantity by the 
Mctiun of 2 mols. of bromine on a cold dilute aqueous solution of 1 mol. of potassium 
phenol parasulphonato (Seuhofer, toe. cit. ; Armstrong a. Brown, Chem. Hoc. J, 1872, 
867). Tho free acid crystallises in smalL rectangular plates ; its solution is coloured 
pule violet by ferric chloride, and is not precipitated by normal lead acetate, although 
it is precipitated by basic acetate. The potassium salt, C'H’Br'-'SO^K, crystallises in 
imJiydrous plates, or in long needles with 1 mol. of water ; it is difficultly soluble 
ill cold water. The dipotassium salt, OH^Br^SO^K* + 2 IPO, crystallises from a 
concentrated solution in elongated plates. Tho sodium, salt, C"IPBr“SO^Na + 2H*0, 
forms long, brilliant, white needles, easily soluble in hot, but difficultly soluble 
in cold wiit«r. Tho barium salt, (C‘'l!i*Br“SU*)®Ba + 2H®0, crystallises in long, fine, 
silky needles, very difficultly soluble in cold water ; the dibarium salt, (C®IPBr*SO^)'Ba* 
+ 8H'0, forms long needles, more soluble in water than tho monobarium salt, 
Botiissium dibromophenolparasulplioiiato yiehls potsissium nitrobroraophcnolparaSul- 
plionato, dibromoparanitro{)hcnol (m. p. If 1®)> and bromo-o-diuitrophonol (m. p. 117°)i 
on treatment with nitric acid (Armstron;* a. Brown). 

The ditiromophenolsulphonic acid which Schmitt Chem. Pharm. cxx. 161) ob- 
hiiucid from dibromosulphanilic acid by Griess’a method is probably diorthobromo- 
plionolsulphonic acid. 

Parabromorthobromofhenolorthosulphonic acid, C*H'^Br*.OH SO’H. 
(1/2:4: 6). — ^Potassium dibromophcnolorthosulphonateis prcKlucod,togetl»r with some 
tribromophonol, when bromine is added to an aqueous solution of potassium phenol- 
orthosulphonate (Senhofer; Armstrong a. Brown). It is also formed by the action of 
1 mol. of bromino on a solution of 1 mol, of potassium ortliobromophonolortho^radi- 
«ulphoimto (Armstrong, Chem, Soc. J, 1872, 867).^ Tho free acid crysUlliscs in con- 
centrically-gpouped needles; the aqueous solution iscolourcd an intense violet by ferric 
Phloride, and is precipitated by normal lead acetate. Tho potassium salt crysUlhses 
fine anhydrous noodles : the dipotassium salt separates from dilute alcohol in long 
glistening plates. The barium salt fdtms difficultly soluble nulwdrous J 
^^barium saU is ^so anhydrous. The aadmium salt, C®H®Br"SO^Cd + 1 JIPO, cry 
t-illises ill very soluble yellow plates. The lead salt, C“H*Br»SO*Pb, soparatos asa 
^Inte precipitate on the addition of load acetate to a solution of the 

1 otaasium dibromophonolorthosulphonato is converted by nitne acid into i r 

®rthonitrophenol (m.rt. 117®). . 

..^*i^obromophtnolorilKiparadUulfbonie ml of 

• 2 : 4 : 6).— Tho potowimn «lt of thi. acid is prepared by ^o artiou of 1 »ol- of 
^no on a cold aqoeou aolution of 1 mol. of potamiuro phenoldioulrfi^ te 
026) ; it i. oolublo in hot, and modeiatclv in cold 
* *^or tnfti of jhort fW Mbde., which rapidly * if 

jpowdw on eTp o i fw to tho air. It ie not preapitaMd, wcept in Teiy con 
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centrated solutions, by barium chloride. It is violently acted upon by nitric ncid 
yielding potassium bromonitrophenolsulphonate, bromO-a-dinitroplTenol, and trinitro- 
phenol, in proportions which vary with the strength of the acid employed (Armstrong 
Chem, Soc. J, 1872, 865). 

Diiodophenolparasulphonie rtcirf, C«H®I*.OH.SO*H, is formed by the action 
of iodine and mercuric oxide on an alcoholic solution of phenolparasulplionic acid 
(Armstrong). The potassium salt, G*H*PSO*K + 211^0, crystallises in long piai^ 
needles ; the barium salt, (C*H’J'‘‘SO*)’'Ba + 4H^0, forms long, flat needles. 

VltroplienolaulpliOBlo Aoida. Faranitropbenolorthosulphonic 
acid, C*II*.OH.NO®.SO*H (1:2! 4). — Kdmer a. Post have obtained this acid by 
acting upon pnranitrophehol with fuming sulphuric acid {Dsut ChemMcs. JJir. v.852, 
1066; vu 395; vii. 163; Chcfn. Soc. J. 1873,757). The rani tropiienoi 

is added to the acid and the mixture heated several hours in the water bath ; if the 
nitrophonol bo wet, and consequently mucli heat bo evolved on adding it to the ncid, 
secondary products are largely formed. The mixture is> poured into water, noutnilised 
with calcium ciirbonatc, and filtered; barium chloricioMs then added to the 61lr:itc, 
whereby barium nitrophcnolsiilphonato is precipitated, from which the tree iicicl 
and other salts may readily bo prepared. Paranitrophenolorthosiilphoiiic jiriil, 
C'*II*.OH.NO®.SO®H + 3H®0, crystallises in slender needles or hirge woll-1brni«i 
colourless prisms, very soluble in water. The potassium salt, C**IP.U11.N0®.S0*K, 
crystallises in colourless prisms, sliglilty soluble in water; the dipolassiwn salt, 
CH^.OK.NO^.SO’K + IPO, iii^orange-ojlourcd prismatic needles which are very 
soluble in water. The sodium salt, OII*.OH.NO®.SO®Na + 21i®0, forms coInurlesH 
crystals; the disodium salt, C*IP.ONa.NO*.SO®Na + 2IPO, yellow crystals. The t/i- 
calciu?n salt, (C"H®.NO*.SO*)®Ca* + 5II®0, crystallises in aggregates of yellow needles; 
the <fi6<iriu7n salt, (C*H*.NO*.SO*)*Ba* + 2IPO, in yellow prisms. 

Orikonitrophenolparastilphonic acid, C“H*.On.NO*.SO*II (1 \ 2 : 4). — The 
potassium and sodium salts of this acid (Is^ Suppl. 925) are most readily ol^taincd by 
the action of dilute nitric acid on potassium and sodium phenol para sulphonato (Schmitt 
a. Gluts, Dcut, Chicm. Ges, Ber, ii. 51 ; Komer, Gaszetta chimica ilaliam, \Vl% ii. 
444).. Together with this acid, there appears to be produced a small quantity of an 
isomeric compound when it is prepared by the action of sulphuric ncid on ortlionitro- 
phenol (Armstrong a. Brown, J)eut, Chem, Ges, Ber, vii. 923). 

Binitrophenolsulphonic acids, C*IP.OH(NO*)*,SO"H. — According to Post 
vii. 1323) both the above-described nitrophonolsulphonic acids maybe converted 
into corresponding dinitrophenolsulphonic acids by careful nitration. He states ialso 
that pheDoldisulphonic acid yields a dinitrophenolsulphonic acid on nitration. 

AmIdoplieBOlsulpliOBlO Aoida. Paramidophcnolorthosulphonic 

acid, C*H*.OH.NH*.SO*H (1 : 2 : 4), is produced on adding paramidoplienoL hydro- 
chloride to fuming sulphuric acid, in which it dissolves with evolutiou of heat; the 
mixture is heated a short time on the water-bath, and then poured into water, when 
almost tho whole of the paramidophenolorthosulphonic acid separates as a snow-white 
powder (Post, ibid. vi. 307). The same compound appears to bo obtained on educing 
paranitrophonolorthosulphonicacid with tin and hydrochloric acid (Post), and it is also 
formed by the action of sulphurous acid or sodium-hydrogen sulphite on dichlorop^- 
difUEophenol (Schmitt a. Bennewitz). Itfterystallises in minute cubes and fine soft 
noodles; the cubes, which first separate from tho liot solution, but in a relatively very 
smidl quantity, are probably anhydrous, whereas the needles contain 1 mol. of water. 
It is very slightly soluble in cold water, 1 jit. requiring for wlution about 2,800 
of water at 15®.* A slight decomposition t^es place on boiling the 
ftfsumes a dark-red colour, but this is entirely provonted by the presence 
agent, such as sulphnious acid or stannous chloride. Pammidophenolortliosuipno 
odd does not combine with odds, but yields metallic salts ; these salts, 
readily decomposed, and it is not possible to obtain them pure from 
metallic carbonates. The dibarium salt, (C»H*.NH*.SO*)* A*, is obtained on 
tion of barium cblorido to an ammoniacal solution of the acid in the form of a my 
line predpitate, consisting of aggregates of small plates. 

Orthoamidophenolparasulphonio acid, C*H^OH.NH*.SO*H (1 1 2 ^ 
obtained by ^e action of sulphuric odd oik orthoamidophenol 
Bennewitz), and on reductionOTorthonitrophenolparasulphonicacid (Ppet). it ^ 
lises in large colonrless crystals like those of calcapar, containing 4 inoL^ J^ » 
is more soluble than its isomeride^ water at 14® dissolvii^ about -01 p.e. ^ 

solution decompCMUi on mporation. unlew this^ be coidwW ip » 
hydrogen. . ■ 
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Biasoplionolsalplioiilc Aolda> Tho above-doscribod umidophonolBul- 
nlionic acids aro converted into the corresponding dnuso-acids when suspended in water 
and treated with nitrous acid (Bennewitz, J, pr, Ckcm, [2], viii. 62). ParadiaM- 

I N~N — OH. 

OH^ , CPystaUiso-s in colourless or pink glistcu- 

ins rhombic plalos ; it is difficultly soluble in cold, but moro soluble in hot water ; 
and it may be cryntallisod from the hot aqueous solution, which, however, gradually 
becomes red on boiling. Tho same compound is obtained on dissolving the .imido- 
acid in nitric acid, and on warming it with nitric acid and urea. * It is reconverted by 
tlie action of nascent hydrogen on an acid solution into the aniido-iicid. It does not 
unite witli acids, but furnishes with bases a series of highly unstable salts decomposing 
even in tho cold. 

The diazo-acid from orthoamidophcnolpar.'isulphonic acid crystallises in yellowish 
needles ; it is fur more soluble in water, and much loss stable than tho para-diazo- 
comiiound. 

ChloronitroplieBolBiilpboiilc Acids. Potassium paracklorortho- 
nitrophniolorihosulphonate, C«H‘^Cl.NO* OILSO’K, is obtained by the action of 
dilute nitric acid on potassium parachlororthosulphonato ; it crystallises in yellow 
needles, difficultly soluble in cold water. It is converted by nitric ficid into chloro-3- 
dinitrophcnul (m. p. 81®). The dipotassium sail, C«H*Cl.NO®.OK.ISO*K, forms mag- 
nificent long red needles, easily soluble in water (Armstrong a. Prevost, PeuL Ckem. 
Ges. Her vii. 404). 

PatassLum ortftochlororfhonilrophenolj^rasulphot 2 aie, C*H*Cl.NO®.OH.SO*K+ JH*0, 
is formed by tho action of weak nitric acid on potassium diorthoclilorophenolpara- 
sulphonato ; it crystallises in tufts of pale-yellow silky needles, very soluble in warm 
water, slightly soluble in cold. It yields chloro-o-dinitrophenol (m. p. 110®-111°) on 
troatinent with nitric acid, and is converted into dichlororthonitrophenol (m. p. 121°) 
by tho ac‘tion of chlorine on its aqueous solution. The dipotassium salt, 
(i“IT'bl.NO^OK.SO*K, crj'stallisoa in orango-red six-sided plates, extremely soluble 
in hot water, moderately in cold (Armstrong, Chem, Soe. J, 1871, 1117). The 
potassium clilorophenolsulphonato obtained by Armstrong a. Prevost, by acAing on 
potassium orthochlorophenolparasiilphonatewitli >yeuk nitric acid, is proliably the same 
compound. A chlororthonitroplieiiolparasulphonic acid is produced by we action of 
chlorine on an alcoholic solution of orthonitrophenolparasiilphonic acid, but has not 
yet been fully examined (Armstrong a. Brown, ibid, 1872, 872). 

BromonltropbenolBUlpbonlo Adds. Tho potassium salts of bromo- 
nilrophenolsulphonic acids have been obtained : 1. By tho action of ni^c acid on 
pobissium diortliobromophonolparasulphonate. 2. By similar treatment of potassium 
orthobromophenolparaorthodisulphonate. 3. By tho action of bromine on an alcoholic 
solution of the orthonitroplieiiolsulplionic acids. 4. By nitrating the potassium salts 
of parabroiiio- and orthobromophenolsulphonic acids (Armstrong; Armstrong a. 
Armstrong n. Prevost, Chem, S*c, J, 1872, 857-872; JDeut, Chem, Gcs. Per vii. 404, 
924). 5. By acting on an alcoholic solution of paninitTophenolorthoBulphouic acid 

(I’ost, ibid, vii. 100) with bromine. These compounds have as yet, however, been 
comparatively little studied. 

lodoaitropli.nal.iilphonloAoiaa. Orthiodorthonitrophenolpara- 
sulpkoHie aeid, C«EIU.NO*OH.SO*H (1 : 2 ; 4 ; 6), is produced 
morcuric oxide an added toau alcoholic aolution of ortliomtrmhenol^sulphonic 

sod (Armstrong a. Brown. Ci«». Soc. J. 1872, 869). The pot^um 
CH»I.Np».OHJSO.K, crystalUsos in difficultly soluble yellow scales, ““h 
chloranil; those consist of aggregates of short no(dlcs; it is wnve < ^ 

Hum orthohromorthonitrophenolparasulphonate by the action of 1 

'I’hc dipotauium aa«, C»IPLNO‘.OK.SO.K, forms d^ red m 

witer. The barium mM, {C.H‘I.lI0*.S07Ba + 4ffO, " 

of pale yeUow silky needUa on the addition of barium chlondo to a solntaon of tne 
potassium salt. ^ , rfitiai Kns OH SO*H 

Orthiodoparanitrophenolorthosulphonic p 167*’)» by^^'® 

-w^phonic aeid (Boat a. Brackebusch. Jkut Chem. 

«dt, (C*H.I.N<j».SO‘)*Ca« + 6H»0, forma coanw yellow ne^w- . 

^•Wlises in long yellow needles ; the aiiwiMtum ^ of lead 

lead salt is obtained as a yellow dyst^ine precipitate o 
to a eolation of the taldum Mdt. 
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* Constitution* of ten Phenol Dbbivatztbs. 

The prefix wtho was originally applied by Korner, in the case of the isomeric di- 
derivativos of benzene, simply to denote the compound which formed the chief pi-oduft 
of the action of a roa^nt on a mono-derivatiTu of benzene ; thus he found tlmt tl;o 
chief product.of the action of iodine on phenol was an iodoidienol yielding hydroqninonu 
on fnnon with potassium hydrate ; to this ho gave the name orthiodophenol, and it 
became the practice to term all such di-deriYatives as could bo niore or less directly 
referred to hydroquinonci or^Ao-derivatiYes. The iodophenol which he succeeded in 
obtaining from the so-called paranitranilino formed from ordinary dinitrobonzonc, 
gaYe resorcin on fusion with potassium hydrate, and consequently rcsuiYin, and ull 
bodies which wore considered as belonging to the same series of isomcridcs, were termed 
paru-derivativos. The third iodophenol, formed in small quantity together with 
orthiodophenol, gave pyiocatochin on fusion with potassium hydrate; pyrocatochin 
and tliose di-derivativcs which could be classed in a series with it were then termcii 
97i6^a-derivatiYC8. Later on it bcctime usual to associates with the tenns ortho, para, 
and meta, certain conceptions as to the relative positions occupied by the radicles which 
had been introduced in place of hydrogen into benzene, Kekule’s theory of the ' con- 
stitution ’ of benzene being taken as the basis of argument, and the 'positions' denoted 
by figures ; thus : 


1 



4 


Graebe's rcsearclios on naphthaleno (Is^ 198 a. 212) led to the assumption 

that in phtlialic acid, C*IP(COOH)^, the two carboxyls are in the position 1 : 2, aiiu 
Baeyor pointed out that the formation of niesitylene, from ivcotoiio nirccs- 

sitates tne assumption that the three methyl-groups occupy the Rations 1 : 3 : 6, anil 
hence that iaoxyleno, C*H^(CH*)*, which yields isophthalic acid on oxidation, Iws the 
motliyl-groups in the position 1:3; accordingly, since phthalic acid is 1 : 2, nndiw- 
phthalic, 1 : 3, teroplithiilic acid is of necessity 1 : 4. Hydroquinouc, pyrooitDchin, 
and resorcin were then considered to belong respectively to the sanio series as phtoalic 
acid, isophthalic acid, and terephthalic acid, and these three acids have gnmuallT 
usurped the place of the three dioxybonzones as standards o£ reference, members or 
the phthalic or 1 : 2 series being commonly termetl or^Ao-derivatives, those of the wo- 
phthalic or 1 ; 3 series,* rncia-derivntives, and those of the terephthalic or 1 : 4 sericB, 
pura-derivativcs. Korner, howorer, is singular in using these prefixes in au ®PPJfV 
sense: thus ho terms the 1 I 4 derivatiYcs ortho compounds, the 1 : 3 derivauve 
para-comijounds, and the 1 : 2 derivatives meta-compounds {Gazffatachimicatiaiuim 
1874 816) 

All recent researches tend to ooufirin the hypothesis that the carboxyls in phthalic» 
isophthalic, and tcrephtlialic acids are respectively in the positions 1 • * or r . * 

1 : 8 or 1 : 6, and 1 : 4 (see Ijadenburg, Jkvt, Chem. Gea, Ber. ii. 140 ; t. 322 , • 

1133 a. 1684), but have necessitated the shifting of many compounds consiucrea 
belong to one or another of these throe series ; thus resorcin has been shown to s 
to the isophthalic (I : 8) series, and not to the terephthalic (1 : 4) sew^. 
hydjroquinone, which was long considered n member of the phthalic (1 ! 

now idaced in the 1 : 4 series. The proof that resorcin belongs to^tbe WW j. 
series is as follows. When toluene is nitrated, two nitrotoluenos are fomett w^ . 
has been provwi belong respectively to the ortho (1 : 2) and para (1 : 4) saw 
both of these yield the same dinitrotoluene on further nitration ; this oiniww' 
consequently has the constitution 1:2:4; thus: 

• Xt must not be foMotten that the Ortho- and mete-poiifeioiil ttt V 0 |>eAtedi eiiiM 

2 end 8 eorrsipond ttipe^ti^ to the poiittona « and 
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Orthonitrotolnone. 


CH* 



NO» 

Faranitrotoluene. 


0 " 

KO* 

Orthoparodlnitrotolueuo. 


On oxidation dinitrolueno furaishes a dinitrobcnzoic acid which, on redaction, yields 
a diamidobcnzonc identical with that which is obtained by reducing dinitrobenzeno ; 
hence it follows that the nitro-groupa in diuitrotoluoiio and dinitrobenzono are in 
relatively the same i^o-sitions, i.e. l : 3 (Wnrster, Dent. Chem. Ges. Ber. vii. 148). 
Dinitrobenzono may, however, as Korner has shown, readily bo converted into resorcin', 
which consequently is also a member of the isoplithalic (1 : 3) series. The connection 
of ordinary dinitrobenzeno with isophthalic acid is further proved by the fact that the 
ilibromobenzciie (b. p. 219®), which may be obtained from the former by Grioss’s 
mellKKl (Korner, Gasztta chimica italimia, 1874, 331), is converted by the action of 
Bodimn and ethyl chlorocarbonate, and subsequent saponification of tlio product, into 
isophthalic acid (W urster, Deul. Chem. Ges, Btr. vi. 1 48G) : 

+ 2ClCO’C*ll» + 4Na = OIPCCO^C-Il^^)^ + 2NaBr + 2NaCl. ' 

Nitrophenols. — Ono of the three nitrophonols is obtained from diuitrobenzone ; 
it therefuru belongs to the isophthalic (1 ; 3) series. * 

The connection of the non-volatilo ziitrophenol (m. p. 110®) obt'dned on nitration of 
phenol with the tcrcplithalic (1 : 4) series, is proved in n variety of ways. Thus it 
has hocn show'n that crystalline dibrouiobenzeno (m. p. 89®) is converted by the action 
of iricthyl iodido and sodium into a dimethyl-benzene yielding torephthalic acid on 
oxidation (v. Meyer, Ann. Chem. Pharm. clvi. 281); but crystalline dibromobenzono 
may bo formed, by Gricss’s method, from tho bromonitrobenzciio(iu.p. 125°) produced 
on nitrating bromobenzene, and from this broinonitrobonzono, nitrophenol (m. p. 110®) 
is readily produced by heating witli potassium hydrate solution (v. Kichter). Nitro- 
phenol (m. p. 110°), as 8alkowski has shown, may bo converted into anisic acid, and 
hfiico into paraoxybenzoic acid, which, there can be no doubt, is a member of the tore- 
plitlialic series. Tho connection of hydroquinone with the torephthalic series is therefore 
proved by tho observation that it may bo produced from p.aranitrophenoI (Salkowski), 

Tho above considerations show that the third nitrophenol (m. p. 46°) must of necos- 
tsity belong to tho phthalic (1:2) scries ; and direct proof of tliis is alTorded by its 
conversion into tho diamidobenzeiieiiieUiug at 90° (Salkowski), which has been proved 
to be a member of that series. Moreover, tiiis nssumption is tho only ono which enables 
us to account for the formation of a-dinitropheuol from it and from paranitrophenol, 
and the fact that both o- and j9-dinitrophonol yield ordinaiy dinitrobenzeno (1:3) 
when the OH group is removed. This is at once evident on inspection of the follow- 
ing symbols : 





OH 


NO’i 




NO* 

Faranttrophenol. 


Orfchonltzophenol. 


NO* 

a-Pinitzophonol. 



/3-Dlnitrophenol. 


The constitution of tri nitrophenol results from the observation that it is produced by 
nitration of a- and jB-dinitrophenol : 


OU 


NO* I 



,NO* 


cu3)lnltxio]^henoU ^Dlnitzoidieaol. 



Trinitrophenol* 
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Chloro- and Bromophenoh. — ^Twoof tho monochlorophonola have been obtained 
from nitrophenols by displacing the nitro-groap by chlorincp and thus the position of tho 
chlorine dotermined. The three mouochloraniliues have also been converted into tho 
three corresponding chlorophenols, and the monobromophenols have boon similiirly 
prepared from tho three monobromanilines. ^ 

The constityition of tho dicblorophonol melting at 42^-43^ is shown to bo 1 ; 2 : 4 
by its formation from ortho- and para-chlorophenol, and that of the isomeric compound 
fm.p. 66 ^) to bel : 2 : 6 , because it may be obtained from the dichloropamnitrophonol 
which it will be shown later on is 1 : 2 : 4 : 0. iSinco both of these yield trichloro- 
phenol on chlorination, this becomes 1 : 2 : 4 : 6 ; thus ; 


OH OH OH OH OH 



Cl d « 

Orttaochlorophenol, Farachlorophenolp Diohlorophenol, Sichlorophcnol, TrichlorophcnoL 
b. p. 176°. b. p. 216°, m, p; 41°. m. p. 42°-48°. m. p. 66°. 

Ordinary dibromophonol corresponds with the diohlorophenol melting at 42*>43°, end 
tribromophenol with trichloroplionol ; this conclusion with regard to tribroninphcnol 
is confirmed by its convorsioTi, when acted upon by phosphorus pentabroinide, into the 
same tetrabromobonzene us may bo obtained by displacing the group of crdinaiy 
tribromaniline by bromine ; thus : 


NH* OH Br 




Br Br 

Ordinary tribmmaDlUne. Tribromophenol. TetrobromobcDsenc. 


Chloronitro^, Bromonitro-, and JodonifropAcnofs.— Since tho chloro- end 
bromo-nitrophenols have been obtained on the one hand by nitrating the chloro- end . 
bromo-phenols, and on the other by chlorinating or brominating the nitrophenols, we 
may readily infer their constitution, since tho constitution of. the nitro-, chloro-, and 
bromo-phenols is known. One or two examples will suffice in illustration :--Paraehloro- 
phonol yields, on nitration, a parachloronitrophenol (m. p. 86 ®) identical with one 
&at is formed on chlorinating orthonitrophenol ; it is therefore parachlorortkonitTo- 
phenol. Paranitrophenol furnishes, when chlorinated, an isomeric paranitrochlorophenol 
(m.p. 110 ®), which may bo obtained by nitrating orthochlorophenol, and is themforo 
paranitrorthocUorophenoU A third nitrochlorophcnol (m.p. 70 ®) is obtainable y 
nitration of orthochlorophenol, and since on further nitration it is converted into 
orthochloro-o-dinitrophenol, which is also obtained by nitrating orthochloroparanitro- 
phenol, it must of necessity be an crthochlororthonitrophenol ; thus : 


OH OH 



01 NO* 


Orthonlfroparaohloco- Orthoeh^p^ 

. nitrophenol. 


OH OH 



OrthobhUnorthonitro. Ortho6Maro-«-dlnltio. 
pUenoh pheooL 


Since thedichloromtrophenol obtained on chlorinnring jwfflnitrophonol.inaybe 
rerted. by displaring one of the atoms of chlorine by NO* by the nct'o® 
nbo ortAochloro^o-dinitrophenol, it follows that the ®WoriiW;atoiM, oowpy 

™pMitiOM 2aiir«, todih^ porition pf the o&lorine- 
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jtonujn the diohloroplienol (m.p. which i» obtained on removing the nitro-eronn 
from pAranitrocuchlorophenol ; thus : ® ^ 



NO* NO* 


Ortbochloro-a-dlnltrophenol. Dichloroparonitrophenol. , Diortbochlorophenol (m. p. 63®). 

The constitution of iodo-a-clinitrophenol is given by tlio following obsorvations : 
1. It may be obtained by iodating a-dinitrophcnol, and 2. By the action of hydriodic 
aciil on diazodinitrophonol from aniidodinitroplumol or picramic acid, it being proved 
that, it is one of the nitro-groups in the or^Ao-positiori which undergoes reduction when 
trinilrophenol is converted into amidodinitrophonol, by the fact that when nmido- 
dinitrophonol is converted into dinitrophenol by the action of ethyl nitrite, a dinitro- 
phenol is obtained ; thus : 


OH OH • OH on 



NO* NO* NO* NO* 


Trinitrophenol. Amidodiaitropheuol* a-Dinitroplicnob Iodo-a*dinitrophcnol* 

In the case of iodo-i3>dinitrophonol the position of the nitro-group is given by its 
formation fixim /3-dinitrophenot ; the position of tho iodine lias not been directly 
established, but there can be no doubt that it is in tho para-j)osition, since the corre- 
Bporiding chloro- and bromo'dinitrophenols obtained by chlorinating and brominatiiig 
^■dinitrophenol are also produced by nitrating parachloro- and parabromopbonol : 


OH OH 




i9-DinitrophcnoI. 



I 

lodo-jS-dinitropbcnol. 


The iodonitrophenol melting at 93^ can only bo orthiodoparauitrophonol, since it is 
converted into iodo-o-dinitrophcnol on nitration ; and since the isomeride melting at 
100°-110®, produced from orthonitroplienol, also yields iodo-a-dinitrophcnol on nitra- 
tion, it is probably also an orthiodophenol derivative ; thus : 


OH OH OH 



aoids, — Of the two modifications of phenolsulphonic acid, the 
modification is apparently shown to belong to the ortho-serjes (1 : 2) by its 
converfiimi ^ 'ai- The isoi 


The isomeric acid 


pytocateAm on fusion with potassium hydrate. 

L 8 phenolpanuBulphonic acia) fiirnishos resorcin on similar treatment, but only 
small qtianUty ; tlia conclusion that it belongs to tho same senes as resoroin 
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i 0 therefore not justified by this result, esmially as recent obsorvations have shovn 
that the reaction with fusea potassium hyurato is not in all cases a trustworthy means 
of determining the constitution of a compound. Thus tw'O isomeric Ijromophon':.!^ 
yield the same dioxybenzeno (resorcin) on fusion with potassium hydrate, and, on tho 
other hand, two diflerent observers have obtained di&rent products from the ss'iio 
chlorophonbl, Petersen having converted parachlorophonol into hydroquinono 'uy 
fusing it with potassium hydrate, whereas Faust obtained resorcin. It has also 
recently been stated tliat the three isomeric bromobenzeiicisulphonic acids furnisli 
resorcin on fusion with potassium hydrate (Limpricht, DmL G^. Ber, \\\ 

1352). 

Kekule’s phonolparasulphonic acid is shown, however, to belong to the tercphthalio 
(1:4) scries by its conversion into parachlorophonol and paradichlorobonzone (m.p, 
53°~64^), on distillation with phosphorus pcntiichloride (Barbaglia a. Kokulo, ihid, v 
875 ; vi. 043) : 

C*n^.OIT.SO»II + 2PC1‘ = C«H*C1.0H + SOCl® + 2POCP + IICl. 

C«H^C1.0H + PC1» « CWCP + POOP + IlCl. 

Assuming that when the haloid-derivatives of the phonolsulphonic acids are convcrtol 
into haloid-nitrophenols by the action of nitric acid, the siilpho-group, SO*ll, is direct ly 
displaced by the NO^-group—and there is every reason to suppose that this is the 
case — the fact that the diclilorophonolsulphonic obtjiinod from Kekiile s plioiiolpara- 
Bulphonic acid yields, on nitration, a dicbloronitrophenol identical with that ohtainod 
on chlozinatingparanitrophenol, also proves that the sulpho-group in the acid in qucs< 
tion is ill the para-iiositioii. Simihirly, since Kckulo's phenolmetasulphonic acid yields, 
when chlorinated, a dichloroplienolsulphonic acid which furnishes diehlororMoniV/w- 
phenol on nitration, the sulpho-group in this acid may bo supposed to occupy tlio 
ortho- (1 : 2) position; thus: 


OH OH OH OH 



Dlohloroparonitro* Dichlorophunol. Dldilororthonitro- Diolilrioplienolorilio- 

phouol. parasuljihoiiio ^d. phenol. ^ Biilphi^iiio ucW. 


Phonoldisiilphonic acid is shown to be 1 : 2 I 4 by its formation from phonolortho- 
and pheuolpaRi-Bulphonic acid. . . . . , 

The constitution of the haloid and haloid-nitro-plionolsul phonic acids is inforred 
from their formation from the haloid-phenols, &c., and from their conversion into 
haloid-nitrophcnols.of known constitution by the action of nitric acid,^ 

The various haloid-, nitro-, sulpho-, lialoid-siilpho-, haloid-nitro-, nitro-sulpho-, and 
haloid-nitro-Bulpho-phenols of known constitution, which have been obtained iroTn 
phenol, are arranged in the following table (p. 029). Each compound is represented 
merely by the radicle or radicles, by the substitution of whicli for hydrogen in plionoi 

it is formed. j • j ■ tivna 

This table contains, with one or two exceptions, all the mono-, di-, and tn-denvau 
as yet prepared from phenol. The number of phenol-derivatives obtained by mui 
luethoos, and not included in the table, is also extremely small. , 

It is at once evident that the resulbs here tabulated lead to two remarkable con 
sions, viz.— _ , . 

1. That the action of the halogens, of nitric acid, and of sulphuric acid, on pnono 

similar, inasmuch as the same hydrogon-atoras are always displaced. ^ . 

2. That the tendency of, these agents is always to displaco hydrogen lii tno nr 
positions (1 : 2 and 1 : 6), and the ywru-position (1 : 4), and but rarely to piww» 
jnsto-derivatives. Thus, although it results from Korner’s 

bromophenol may be obtained directly from phenol, its formation appears to pe ^ 

dent upon certain conditions not yet understood. It is also not known at preno 

whether meta-iodophenol is a constant product of the action of 

appears not improbable, however, that the tendency to form the meta-dMirative 

in^case'of iodfne, be ^nsiiirable, and thus always lead to its 

strong in the case of bromine, and still less so in the case of cUonne, so 

rivatives are not fbrmed ^ those in any quantity, except tan- 

There is no evidence at present that with nitrio or snlj^drio acid thiew w W 

denqr to fbtm ineta^rlvatiTeB. 
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Abfazevlated 

Biymbolof 

compound 


NO* 

NO* 

NO*NO* 

NOSNO* 

!JO®.NO*NO- 

Cl 

Cl 

C 1 .C 1 

CI .01 

C 1 .C 1 .C 1 

Br 

Br 

Br 

Br.Br 

Br.Br.Br 

I 

I 

I 

1.1 

1.1.1 

S0«H 

! S 0 * 1 I 

I SO*H.SO»H 
CLNO« 

cijib* 

Br.NO» . 

’ Br.NO» 
I.NO> 
INO* 
NO».SO>H 
1 NO»SO«H 

I C1.S0TI ! 
I CLSCH 
I Br.SO*H 
I BrBO»H 
i CLNO*.IIO* 

, CUfo».No* 


I-N0*.N0* ' 
ci.aNo» 
ra.a.No* 
BtBrJIO* 
®r.BtJIO* 
IJJIO* 
I.I.NO* 





Position 

Bescriptioa 

tho OU. 

Ortho, 


2 

m. p. 45® 

NO* 

110° 



64° 

NO* 

114° 

NO* 

122-5» 

NO* 

b. p. 176® 

Cl 

b.p. 218° m.p. 41° 


m.p. 42°-43° 

Cl 

65° 

Cl 

67° 

Cl 

From orbhobromnnilino 

Br 

b. p. 227°-229° 


m.p. 66° 



40® 

Br 

95° 

Bp 

Liquid 

(?)I 

m. p. 89° 


64°-66° 

« 

160® 

I 

166° 

I 

j Kckul6'8 phenolmctii- 

1 SO'H 

1 

( Rulphonic acid 

1 Kekuli’a phenolpsira- 

1 aulphouic acid 

» “ i 

— 

80»H 

ni. p, 70° 

NO* 

86° 

NO* ! 

110° 

Cl 

88° 

NO* 

102° 

Bp 

109°-110° 

NO* 

93°-04° 

I 

Kekul6a. Kolbo 
Kornor a. Post 
\ Petoraen a. Baehr- 

NO* 

■ S0»II 

} « 

1 Prodari 

Kramers 

S0*II 

[ From orthobroiuo- 
[ phenol (Armstrong) 

} 

f From parabromophenol 

1 (Armstrong) 

} SO»II 

m.p. 110°-111° 

NO* 

80-5° . 

NO* 

117° 

Br 

76° 

NO* 

106° 

I 

113° 

NO* 

121° 

Cl 

126° 

Cl 

117‘6° 

Br 

141° 

Br 

98° 

I 

157° 

I 

■ 1 . From phenol- 
i .dibulphonic acid 

1 Br 

{ FiW di^lorophenol, 
f 1:2:4 . 

( 

j Fromphsnolpara- 
r Bulp(onic,aci4 

} : 


MotB, 

3 


Fara, 

4 


Br 


(?) I 


NO* 

NO* 

NO* 

Cl 

Cl 

Cl 


Br 

Br 

Br 


(?)I 

I 


80*11 
SO’H 

Cl 
NO* 
Br 
NO* 

NO* 
SO>II 
NO* 

SO»H 
Cl 

SO>H 

Br 

NO* 
Cl 
NO* 
Br 
NO* 

1 

- i Cl 

! ^^0* 

- i Bf 
~ : NO* 

- 1 I 

— ■ I NO* 

- I so*n 

- I Cl 

- : SO*H 


Ucta, 

5 


Ortho, 

6 


No* 

NO* 

Cl 

Cl 

Br 

— I 


Cl 


(?)I 


Cl 
NO* 
NO* 
NO* 
N 0* 
NO* 
NO* 
Cl 
NO* 
Br 
NO* 
I 

SO*lt 

SO*H 

Cl 


30 



Abbmlfttea 
mrmtaol of 
compound 


&.Br.SO>H I 
Bt.Br.SO'n i 


PHBINOI^ EOVOl^OaiTES OF, 

Censtit/nUiMi of Phmol-^erivatives. 


Description 


I.I.SO»H 

Cl.NO*.SO»H 

C1.1T0®.S0»1I 

Bp.NO».SO*H 

Bp.NO».SO»H 


I From phcnolortlio- { 
( Bulphonic acid i' 
j From phenolpam- j 

X snlpnonic acid ( 
I From phenolpara- J 

( sulphonic acid \ 
j From diclilorophenol- j 
X parasulphonic acid \ 
f From pnrachloro- f 

1 phenolsulphonic acid ( 
5 From dibromnpheiiol- f 

2 parasulphonic acid { 

\ From pambromo- ( 

i phenolsulphonic acid ( 




LNO*SO*H 


1 From orthonitrophonol- ^ 
parasulphonic acid ( 


< From paranitrophenol- ( 
j sulphonic acid ^ 



PHnOXit BOMOXiOOmBB OV« The hydrocarlxnis homologous with benzene, 
which may bo reprosentod by the general formula, * are cnpablo 

of yielding two metameric series of monohydric alcohols ; thus toluene, C*1P.CH’, is 
convertible on 'the one hand into the cresols, €PH*(OH).CH’, and on the other into 
ben^l alcohol, C*£P.C£P(OII), which is metameric with the cresols. The alcohols of 
the former class, which are termed phenoU, on account of the resemblance they bear 
to phenol, the first term of the series, may be reprosentod by the general expression, 
C*H*’*(OHXC"H*"+*)", the alcohols of the latter class, which for want of a bettor 
name may be termed alcoholB of the benzylic aerieSt being represented by the gonersi 

fonnula, | In the case of the first term of the phenol serioB, the 

Talue of n and m in the general formula above given is zero, and the highest possible 
ralne of m is doubtless 6 ; the limits within which n may vary havo not yet bera 
determine, and cannot be predicted. In the alcohols of the bcns^lic senes, m m 
the first tem equals 0, and cannot exceed 6 ; the lowest value of n, however, in the 
group is 1. The limit of variation of f» cannot be stated. 

The'foUowing alcohols derived from bydrocarbons of the benzene series are known 

Phenols, (PH»-«(OH)(C-H*»+>)'". b. ju 

C*H*d Phenol or Oxyhenzone , . . C*H*.OH 182 

Paracresol or Paroxymethylbenzene ) . . . . 200-206 

C'H*0 ■ Metacresol or Metoxymethylbenzene ■ C''H^.CH*.OH 

OrthocrcsolorOrthoxymethylbonzoneJ . ... 186-180 

^etaxylenol (solid) or Oxymetadi-) 

metl^lbonzeno . • . .riamnm 

Xylenol (liquid) or Oxydimethyl- ^ ' ICH* 

' . benzene / . • • 212 

0^**0 ^ Ethylphenol (solid) or Paroxyctbyl-\ 

IjotizoDo es* 

Ethylphenol (liquid) or Orthoxy- •C*H^C*H*.OH 

ethylbenzene * 

.Phlorol (?) Oxyetliylbenzeno . . *20 

[Thymifi; o-Cymophenol or Oxyj^ra-l - 

. ,b 

I penmethylpropylbehzene. . / . ^ . . •. ^ ^ 

• the value of m nay be 0 and oansofr exceed 6 j when there are loverei C*H**+‘ . 

hydfOiMilioni the value of H nay be the tame or different In eeob of thcio. 


214-216 


C'®H “0 
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Alcohols of the Bene^lio series^ C^E!^' 


J(CnH*»+l)m 


Benzyl alcohol 
CFaratolyl alcohol 


) Secondary Phenylpropyl alcohol 
\ Cuminyl alcohol 
} Secondary Phenylbutyl alcohol 
Sycoceryl alcohol 


C}«H\CH(OH).CH* . 

G»mO*H»).OIP(OH) . 
G«H\CH(On).OH*CH*.ClI» 


V- 

207 

217 

203 

235 

211 

243 


C*H*0 
C"IP“0 

C»H'*0 
C'«H"0 

Pahacresoi., C»n»0«C®H*(Cn»).Oir (1 : 4). All tho specimens of commercial 
crcsol or cresylic acid (from coal-tnr) hitherto oxaminoil have been found to contain 
more or less of this crcsol ; it is impossible to separate it in a pure state, however, by 
any of the ordinary processes, such as fractional solution in alkali, fractional pre- 
cimtation from an alkaline solution, or fractional distillation (Armstrong). Its 
nrcsonco in tho coabtar product was first demonstrated by H. Buff {Deut. Chem. 
(tc$. Bar. 1871, 378), who on treating the portion Iwiling constantly at 204 -20o 
vith benzoic chloride, obtained a mixture of ciy^stBlline bonzoylparjicrcsol with a liquid 
substance (probably bcnzoylorthocreaol). Tho cresol separated from the benzoyl de- 
rivative melted at 34°, and boilecl at about 205°. 

Pure pMvacresol may also bo prepartd from crude coal-tar cresol by heating Uiis 
licmid with an equal weight of concentrated sulphuric acid for about 16 hours to 100 . 
Tim resulting mixture of sulpho-ncids is dissolved in water and neutruhsed with 
barium carbonate : a concentrated hot .solution of barium hydrate is then added to the 
warm filtered solution until no further precipitfito is formed. The precipitate of basic 
barium paracresolsulphonate thus obtained is separated from the liquid, decompos^ 
by the necessary quantity of diluted sulphuric acid, tho solution is neutralised with 
imtassium carbonate, and allowed to crystallise; Uio resulting 

sulpbonato is purified by rocrystallisation, and then heated in scaled tubes with hydro- 
rhloric acid for 2-3 hours to 140°- 150°, whereby it is resolved into paracresol and 
por.assium-liydrogon sulphate. It is advantageous first distil the cresol in a current 
of Btojim before distilling it alone (Armstrong a. hicld, Chem. ^ews, xxix. 282). 

Southworth(A«n. Ch. Phami, clxviii. 267) that pure 
into chlorinated quiiiones {1st SuppL 507) when it is submitted to W 

chloric acid and ^tassium chlorate, but that it yields a djirk-coloured 
product which ho regards as being probably a mixture f 

rinatftd quinoiies obtained by Graebo a. Borgmann from coal-tar cresol were m all 
probability orthocrcsol derivatives. 

A’ifropamerMri., C*H*.CH*.lirO*.OH.— Whon niteie acid (1 
toacoUglacinl acbtioacid sohilion of parncr^l (1 mol.),»nd 
into water, a block oil is obtaino<l, wbidi on distillation jn a 
aitroparaiiesol as a yellow oil. The resinons tosiduo .n 

»ith boiling water, a small quantity of a robstnneo ahich V :»nm,,rio nitronara- 
cultly soluble needles, melting at 126»-127» : th« is Zy b^ ™Sby 

cresol. The yellow oil solidifies when cooled l^iw, mid ‘•h® ^ 
rccrystallisatfon from alcohol (Armstrong). This SnK ortho- 

tlwt which Wagner obtained (Deirf. Chem. Gee. Ber. (Xjj . uo* ; cH’ 

nitroacetoparatoluidine with sodium hydrate. v { from 

-. 1:2 ; 4) is scarcely soluble in water but vciT soluble in idcohol and 
'vliich it crystallises in yellow flattened needles , it melts • « Mfremalv feeble 

‘1« peculiaTodonr of viatUe nitrophei^. on^S^Sr 

|i«d properties, and its metallic derivatives are Jfficult to todium 

instability, being docomposod when lioilod with water. ^ ^ dertva- 

^erinatioe form &rk red needles easily soluble in 'ni derivative, as a 

separates, on addition of silver nitrate to a ® vellow very difficultly eolu- 

j>rick-rod ^reciptate. The lead <imeo<te e for iM an ora^eg^ coliconSiiled solution in 
proci]^tate. Tho barium derivative OCII®, which is oV 

pale-red crystalline scalos. The vnetl^ detnvatm, 9!^ • . ' oil, boiling with 

filing with solution of sodium hydmte (Wagner). 

3o2 
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Orthoiiitropaxacresol is readily converted by nitric acid into dinitroparacrepol 
(m. p. 84°) : the (probably) isomeric nitroparacresol yields a different substance (Arm- 
strong). 

Orthoamidoparacreaol, C‘'II*.CH*.NIP.OIl (Wagner, Deut. Chem, Ges. Bar, vii 
1270), is prepared by reducing orthonitroparacresol (m. p. 33°) with tin and hydiol 
chloric acid ; it is separated from tho hydrochloride by ammonia and recrystallised 
from boiling water, and is thus obtained in white glistening scales almost insoluble is 
cold water, but easily soluble in alcohol and ether. It separates from tho solution in 
other in large rhombic crystals. Tho hydrochlaridt forms long white needles, easily 
soluble in water and alcohol, difficultly soluble in ether. A platinum double salt could 
not be obtained. 

Orthoamidoparacresol hydrochloride is conyertecl into orthodiaasoparacrosol hydro- 
ehlorido by ethyl nitrite, but on account of its easy solubility the diazo-compound is 
difficult to isolate. It yields with platinum chloride a double salt, G’11^0N'‘‘Cl.rtCl\ 
resembling ammonium-plutinnm chloride in appearance (Wagner). On dry distillation 
this double salt furnishes a chlorocrosol. 

mnitroparacreaol, C«H*.CH*.(NO«)*.OH (? OH : NO* : CH® : NO* = 1:2: 
4 \ 6). — ^This compound, which may bo obtained by tho action of nitrous acid on pjra- 
toluidino (1«< 608) is al.so produced— 1. J^y nitration of orthonitroparacresol 

(Armstrong a. Field). — 2. Ily nitration of potassium paracresolorthosulphonato (Arm- 
strong a. Field ; Pcchmnnn, Ann. Ch. Pharm. clxxiii. 205). — 3. By heating dinitro- 
pBiacetOtoluidino with sodium hydrate solution (Wagner). It crystallises in lemon- 
yellow needles, molting at 84°, slightly soluble in water, very soluble in alcohol and 
ether. When treated with even the strongest nitric acid, it does not yield a trinitro- 
derivative (Armstrong, Deut. Chjcm. Gcs. Her. vii. 406). 

Potassium dinUroparacresol^ C’H®(NO*)®OK, crystallises in long carmine-red flaltcnoil 
needles, easily soluble in hot, but much less soluble in cold water. Tho ummmmm 
dsriaativo forms anhydrous rod needles. The harium derivative^ [C'H*(N0*)*0]*Jisi, 
separates in fine yellow difficultly soluble noodles. The lead derivative also forms 
fine yellow anhydrous needles. The silver derivative^ C’IP(NO®)*OAg, crystallises in 
beautiffil carmine-rod needles (Pochmann). 

Paracresolorthosiilpkonio acid, C*H®.CIP.OH.SO*H (OIT : S0*1I : CII* « 
1:2:4). PechmanfCs Paracresolmetasidphonic ocirf, CH* : SO*H : OH = 1:3:4. 
Paracrewsulphuric add (Is^ 666). — According to Barth {Ann, Chcvi. Pharm. 

div. 364), and Biodermann {Deut. Chem. Ges. Per, vi. 326), protocatechuic acid, 
C*H*(OH)*.CO*H, is formed when potassium paracresolsulphonato from paracresol 
is fused with potassium hydrate ; Pechmann {Ann, Ch. Pharm. clxxiii. 204) usint' 
that prmared from paratoluidinometasulphonic acid (CH* : SO*H : NH* » 1 : 3 : 4) 
obtained chiefly paroxybenzoic acid, and only traces of protocatechuic acid. 

The action of bromine un x>otassium paracresolorthosulphonato gives rise to tlic 
formation, flrst of bromo- tlien of dibromoparacrosolsulplionato, ‘which, by the continued 
action of the bromine, appears to bo converted into tribromopamcresol. Thodibromo- 
flulpho-salt is tho main product, however, even when only 1 mol. of bromine is added 
to 1 mol. of the salt (Armstrong a. Field). Dilute nitric acid converts potassiuni 
paracTesolorthoBulphoDHte into nitroparacresolorthoSulphonato, which, by the continued 
action of tlie acid, yields dinitroparocresol (m. p. 84°) (Armstrong a. Field). Little, 
however, is at present known of these derivatives. 

Patacresolmetasvlphonic acid, C*H*.OH*,OH.SO*H (OH : SO*H : CH* = 

1 ! 3 : 4). Jensen's ParaeresolorthosulphoniG add, (CH* : SO*H : OH ■■ 1 : 2 : 4).-- 
This acid is produced by heating the diazo-dorivative of paramidotoluenoomo* 
snlphonie acid (CH* : SO*H : NH* ■= 1:8:4) from paranitrotoluene and sulphuric 
acid with water (Jenson, Ann, Chem, Pharm. clxxii. 230). It crystallises ftom wuter 
in l<mg white noodles with 6 mols. of water, .which melt at 08*6° ; on exposi^ over 
sulphuric acid they lose the water of crystallisation and then melt at 187°-163 • " 
the salts of this acid are i-cry soluble and could not bo obtained in a crystalline stet ». 
the barium salt is not precipitated by barium hydrate. ^ i 

A nitroparacresolmetasulphonic acid is produced when the nitrodiazo- amd 
by the action of fuming nitric acid on paramidotolueneorthosnlphcnic acid is 
With Water* An orthtmromoparacresolmetasulphonic acid may be simil^ly prgP^ 
fipom niietabromoparamidotoluenoorthoBulphonic add (Weekwarth, Aan. Ohm* rsofsh 
eboii. 201). 

ahtorooretol, C*H*Cl.CH*.OH.— IJy passing chlorine into 
coal-tar) and firactiohally distilling tho product, Biodermann (D^t, 

>1. 826) obtained a chlorocrcsol crystallising in long needles, which melt at Qu r ^ 
bdl witbont decomposition at about 240°. The crcsol employed evi^ditly 
* considerable proportion of paracresol, so that this chlorocreBol may be 4 
d^vativo. ‘ ■ 
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By the action of iodine and iodic acid in an nUcalinc solution on the same cresol in 
the proportions required to form an iodocresol, Biedermonn obtained an oily product, 
which ho decomposed with alcoholic potassium hydrate at 260®-300o. The product 
wa» an iimerphous yollowish-rod substance, which, on amilysis, gave numbers agreeing 

niiliroximato'r *“» required by the fomiula ^uIchvohI®- 


Co^Untion of the Paraxarctiol (krimtives , — The constitution of the volatilo nitro- 
mracresol is given by its formation from nitrojmratolnidinu. Thus Boilsteiji a. Kuhl- 
l)crg liavo shown {Ann, Chem. Phann. civ. 1) that the nitroparatoluidine procurublo 
ii-om aceto-panitoluidino by nitratioii, &c., yields, on removal of the amido-group, a 
ini tanitrctolucne (1 I 3), which enables us to inter tbo constitution of ultrotoluidine. 
aijil consequently of nitroparatTCSo!, to bo ns follows : 


Nil* 




NO* 




CIP 

raratoluliliiio. 


CIl* 

Metanitrotnluene. 


cn* 

NttxojHmitol nidinp. 


cn> 

Kltropamcrcsol, 


The very great resemblance which nitroparacrew)! boars to the volatile orthonitro- 
plii nol serves to confirm this conclusion that the nitro-group is in tlio ortho-position. 

In diiiitroparacresol (m. p. 84°) the nitro-groups prolmbly occupy the ortho- 
pusitions : firstly, because of the close resemblanco which it bears to 3-dinitropboiiol ; 
nntl secondly, because, as provioualy printed out, in the case of nearly all phenol 
ilorivatives directly prepared from phenol, the para- and orttto-positiuns are occupied, 
and not the nietapositions : 

on OH 



^•Diuitrophonol. 



CK" 

DinitTopnrncre-iol. 


The crosolsulphonic formed directly from paracrcsol lius the siilpho-gioiip in the 
oitho-position. This is shown by its formation from pararaidotoluenemetnsulphonic 
acid, which, on removid of the NH* group, yields toluenemetasulphonic acid (Poch- 
niaiin); thus: 

NH“ 



SO*H 


so*n 1 








cn« 

Faraniidotoluenemeta- 
Bulpbonio add. 


OH* 

Tolucnometasalphonlo acid. 


CH* 

Faracrcsoloribosnlpbonio 

acid. 


Jb a similar manner the isomeric acid is shown to have the sulpho-g^p in the 
^eta-position, by its formation from an nmidotoluenesulphomc acid wincli yields 
lolueneoithosulphonic acid (Jensen) ; thus ; 


MU* 


GH* 

Paramldotolaeneorthq* 

snlphonjeadd. 


OH* 

Tolaeiwortbonilphonic 

acid. 


OH 


^ 1 




V JLh 


fiO"H 



S(PH 


CH* 

raroaeiolinebaiiilpbonio 
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Mbtacbbsol, C*H*0 = C*H*.0H*.0II (I : 3). — Southwarth (Ann, Chem. Pham. 
clxviii. 267) recommends the use of fiO grams of phosphoric anhydride in place of tJni 
35 grama employed by Engellmrdt a. Latschinoff (l«< Suppl. 607) to dwomposo loo 
gRims of thymol. Ky the action of potassium chlorate and hydrochloric acid, meta- 
cresol is convertod iuto dickloroiolum^aquinwie, C'H*C1“0® (Southworth). 


Metaoreaohulphonio acUi^ C*H*.CI.P.OH.SO*H. — When the metabromotoluenoortlio. 
snlplioiiic acid, prepared by Griess’s method from the ^ mctabromopunimidotoluenc* 
brthosulphoTiic acid forniod on adding bromine to a solution of paramidotohiouoorthu* 
eiilpbonic acid, is treated uritli moist silver oxide, tlie bromine is displaced by OH, 
auu a motacrcsolBulx>honic acid produced, the potassium salt of which crystallises in 
beautiful coarse needlos. Orthobromotoluonometasulphonio acid is similarly acted 
upon (Wockwarth, Ann, Chc^n, Phanii. clxxii. 201). 

OiiTiiocniisoT., C^H*0 = C*H‘‘.CH*.OH (1 ; 2). — Kekule Cfhetn. Ges. Ber, 

Yii. 1006) lias obtained pure orthocrosol by heating carvacrol, the isomcrido of thymol, 
with phosphoric anhydride, and fusing the resulting crcsyl phospluito with potassium 
hydrate ; and bvGrioss's mcthotl fromorthotohiidino. It melts at 31®-31*o®, and boils 
at 185®-! 86°. Tlio benzoyl-derivative remains liquid even when very strongly cooled. 
Orthocresotic acid, from pure orthocresol, melts at 163®-164®, and not, as stated by 
Engclhardt a. Latschinoff ( Suppl. 508), at 114°. 

The crcsol obtaiuwl by Korncr (la^ Suppl. 507) from bromophonol appears to have 
been metacresol (1 : 3). Henry s dichlorocresol {^ibid,)^ from salicylic aldehyde, is an 
orthocrcsol (1:2) derivative. 

Commercial crcsol, from coal-tar, appears always to contain jiaracresol and ortlio- 
cresol ill vuryiiig proijortious mixed with more or loss phenol (Annstrong a. Field). 


OrthocreMlparasulphonic acid, C«II».CH».OH.SO*H (OH : CH* : SO*I[-l ; 2 : 4). 
is produced on heating brthodiazotolueneparasulphonic acid w'ith water, and, but in 
a much purer form, by adding the diazo-compound to gently warmed fuming sul- 
phuric acid (Ilayduck, Ann. Chem. JVinm. clxxii. ■204 ; clxxiv. 343). The barium mil, 
(C’H«.OII.SO*)‘‘13a + liH^O, is extremely soluble; it crystallises in aggregates which, 
under tho microscope, are 'seen to consist of monoclinic prisms. The potassium salt, 
C’H".OII.SO»K ilHO, dissolves in water in all proportions, and is also very easily 
soluble in alcohol ; from a saturated solution in anhydrous alcohol it separates ns a 
yellowish crystalline powder, and from an aqueous alcoholic solution, on slow evapo- 
ration, in groups of short needles. It yields salicylic acid when fused with potassium 
hydrate. 


Ethylorthocrcsolparamlphonifi acid, C«II*.CH».OC*IP.SO>H, is formed when ortho- 
diazotoluenopariisiilphonic acid is boiled with absolute alcohol. The potassium salt, 
C^H'‘(OC'-H')SO*K + H*0, crystallises in glistening white needles united in lamolte; 
it is yevy soluble in water. The barium salt, [CHP(OC^H»)SO»]'^Ba + 3H*0. separates 
from concentrated solutions in aggregates of microscopic needles, and froin less con- 
centrated solutions in needles ; it is somewhat dilficultly soluble in cold, bnt easily 
soluble in hot water. The lead salt, [C^n-COOTl^SO^^Pb -b 311*0. fornis long hmr- 
fine white glistening needles, united in groups ; it is easily soluble in hot water. 

. chloride, C’H*(OC*H»)SO-’Cl, prepared from tho potassium salt and phosphorus pen- 
tncJilorido, is a yellowish oil, from which rhombic plates separate i 

. sulphuric acid ; ammonia converts it into tho amide, C*H*(OC®JI*)SO^NH , 
czystallises in glistening plates melting at 137®, difficultly soluble in hot wator ( * J 
duck). 

Meikylorthocresolparasulphonic acid, C*H*.CII*.OCH*.SO*H, w S*1Fn*0 

with the aid of methyl alcohol. Tho barium salt, [C*H*(OC:^*)SO*]^ iAthvl 
crystallises in snmll glistening plates, somewhat more soluble in water than tn 7 
compound (Hayduck), 

NUrorthocresolparasidphonio acid, C*n*.CH*,NO*.OBt.SO*H, K 
nitrortliodiazotoli^ogarMulphonio wid with water or of 

ilW 



JHirtrmncrthoorescipkrastdphonie add, C*HBr*.OII*.OH.SO»H,— 
by heating dibromorthodiasotoluenesulphonic acid, ppopaM WBh the 
formed fiom brominOand orthamidotolueneparasulphonic acid* with wi^* . f ^ ^ 
salt, rO^H^BrK)HSO*l«Ba + 8*H*0. forms e"Mly 
OWJ^OHSO»K -h 
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Xylrnols, C*H*«0 na C«H*(CII®)“OH (seo lfi« 1128). 

Etuylphbhols, U*H*®OaC“H*.C*H*.OH.— Tho ci^stalliiio otliylplionol obtained 
byFittig a. Kiesowand by Beilstoin a. Kuhlborg {iUd. 916*) on fusing potassium 
ctliyUw^^enesulphonate, CI“Jl^C*IT».SO*K, with potassium hydrato, in all probability 
corrospowds with paracrosol, and tho liquid phenol with ortbocrcsol. When heated 
^•ith phosphoric anhydride, solid cthylphonol is converted into a phenylphosphato 
and etliylcuo is evolved (Chrustschoff, JkuL Chem, Gca. Her. vd. 1165): 

= c«ns.0H + cm*. 


Pheohol, Phlobetol, C*H'®0 = (?)C®n*.C=IP.OH (v. 493; Ifii Suppl. 928).— 
Korncr a. Corbetta {Deut.^ Cliem. Ges. Ber. vii. 1731) Iiavo recently shown that when 
ln<^thylphlo^ctic acid is oxidised it is converted into anisic acid, thus proving phloretic 
acid to bo a phenol propionic acid, C®II*(OH).C®H^.COOH. Since plilorol is obttiined 
on distilling barium phlnretatc with caustic limo, this observation appears to prove 
that plilorol is nn cthylphonol in which the ethyl and OH-grou]) occupy tho positions 
1:4; plilorol, however, according to Illasiwetz’s description, lias very different pro- 
perties from tlioso of crystalline othylphcnol, which, there is much reason to believe, 
18 a para-derivative. 

TllYHOL, a-CviXOFUENOL, OXYFABAMETHYLPBOFYLnENZRNK, C'®H**0 o 
C'H’.OH I ■ CH® : C’H’ = 1 : 3 : 6). — According to Carstanjon {J. pr, 

Chc 7 n, [2], iii. 53) the thymoil which X^allemand prepared by oxidising thymolsulphonie 
acid with manganic peroxide and sulphuric acid (v. 702), and to which he gave tho 
inrmula is in reality thymoquinonc, which on reduction yields 

Lalleiiiand’s thymoilol or tliymohydroquinono, C*®K'®(OII)*. Tho diamidothymol ob- 
tained from dinitrotliyinol (v. 795) yields oxythymoquinono, C*®H"(0H)0*, on oxida- 
tion. When thymol is distilled with phosphorus pciitachloride, a chlorocymcno, 
C‘“U.**01, is produced, which, on reduction with sodium amalgam, yields cymeno, C*®II'* 
(b.p. 174°~175^): this cymene is converted, on oxidation, into torephthalic acid (Car- 
staujen). When thymol is distilled with phosphorus pentasiilphide, it furnishes cymeno 
identical with camphor-i^meDo and the mercaptan, 0*®II‘®.SH (a-thiocymene), corre- 
spendiiig with thymol (Fittica, JOeut, Ch>m, Ges, Ber, vi. 938 ; Ann, Chem. Pharm, 
clxxii. 303). 

Oahvacboi., /S-Cyxopkewol, OxypabamktkyiiFBofylbbnzehe, C*®H*®0 
«= C®H>.OIl| (Oil : CH® : C®ir = 1:2: 5).— When carvol (i. 808) is warmwl 

with a small quantity of orthophosplioric acid, much heat is evolved, and it is con- 
verted into car vocrol (Kokule a. Fleischer, Chem, Ges. Ber, vi. 1087 ). Caryiicrol 
is also produced when camphor is heated for some time with J of its weight of iodine 
{ihitl. 934). The compound thus obtained from carvol and camphor is identical with 
Post a. Muller’s cymophenol, formed on fusing tho potassium salt of cymene-sulphonic 
acid (from camphur-cymeno) with potassium hydmte (l«i 1089). 

Carvacrol boils at 232®-232-6® (at 236-60-237° when the entire mercury column of 
the thermometer is immersed in the vapour); when distilled with phosphorus trisul- 
pliido or pentasulphide it ■ yields cymeiie and $-thiocymeue, more of tho latter being 
obtiiined if the pentasulphide bo employ^. Tho thiocymone^ is isomeric with, that 
formed from thymol. When carvacrol is heated with phosphoric anhydride, projylone 
is evolved; tlie residue yields orthocresol when decompose with potassium hydrate. 
Phosphorus pontachlorido converts it into chlorocymeno, boiling at 214 . 

Ciirvacrolsulphonic acid is ciystallino and yields crystalline salts when oxidised by 
Tiiaiigauic oxide and sulphuric acid, it furnishes thymoquinono identical with that ob- 
tained from thymol. Tho acid, C®ll®.CfP.C®U®.OH.CO-H, produced on treating car- 
vacrol with ^um and carbonic anhydride, molts at 1 33°-134° tho isomenc acid from 
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Bekztl Alcohot, C^H«0 ® C*H* CH*(OII).— Sco vol. i. p. 578, and Ut Siippl. 
. 334; also p. 177 this volume. 

Paratolyl Alcouol, CIl'^O « C*H«(CH*)CH*(OH).— This alcohol, which is 
.eserihed in vol. v. p. 869, h.'is tlio metli3d and CH*(OH)-gPoup in the para-position, 
inoc it. is ohuiinod by the action of nascent hydrogen on the aldehyde of ordinary 
Timuiioluic acid, C“iP.CilP.(X)OII (CH* : COOH = 1 ; 4). 

Skcondaby Phenylethyl Alcohox., = C*IP.OH(OH).CH*. — This 

ilcohol is produced by the action of sodium-amalgam on a dilute alcoholic solulioii 
rf acetophenone, 0*IP.00.CH*, together with the corresponding pinacono (Emmer- 
ing a. I&gler, J)eut, Cfiem. Gea. Her. vi. 1005) ; and by saponification of the ncohite 
brm^l by tho action of brometliylbeiiHcno, C*IP.OHBr.CH*, on silver acetate (Hudsisz- 
.veski, ihid. vii. 140). It is a colourles.s highly refractive liquid, possessing an ex- 
tremely unpleasant odour. It boils at 202^-203^. By the action of hydrobromic acid 
t is converted into bromothylbenzone ; and by tho action of hydrochloric acid into 
shloretbylbenzene boiling at about 194°. Tho properties of the chlorothylbenzenothus 
sbtained agree fsurly with tho description given by Pittig of tho chlorothylbonzeno 
formed by chlorinating ethylbenzoxie, but since tlio latter furnishos hydrocinnamic acid 
wlien the chlorine is replaced by carboxyd (Is^ SujpfU 469), tho two compounds must 
be isomeric (Emmorling a. Engler). 

PniscART PkbmylpropyXi AncoKoi^, C*H**0 ■■ CI*H*.OH*.OH*.CH*(OH).— 
This alcohol is present in stonix, probably as cinnamic other, and is contained in con- 
aiderable quantity in commercial cinnamic alcohol. It maybe produced by the action 
of nascent hydrogen on cinnamic alcohol (Fittig, Beut. Cliem, Gea. Bar, vi. 216). ^ It 
is a colourlefiB thick liquid, of sp. gr. 1*008 at 18°, which boils at 236° ; on oxidation 
it yields hydrocinnamic acid. 

Phenylpropyl acetate, C*H**.O.C*H*0, is a yellowish, almost odourless liquid, much 
more mobile than tho ^cohol; it boils at 244°-245°« Idko tlie alcohol it does not 
solidify at —18°. 

Secondary Phbmylpbopyl Alcohol, C*H**0 » C«H*,pH(OH),OH*.CH*.— 
This alcohol is formed by the action of sodium-amalgam on a dilute alcoliolic sc^ution 
of propiopheuone, 0*IP.06.0H* OH*. It boils at 210°-211°, but is partially dooom- 
pdm Deui, Chem, Gee. Ber, vi. 1008). 

OvKicoc OnmifVL Ai.cohdi., C“H“0 - 8“ ^ 

p^ 208. The propyl and OH*(OH)-gronp in this alcohol are in the pMa-p6Ww9®» 
aince it ultimately fkmishes terephthalic acid on oxidation. 

- SxcoHDABT Pbbvtlbutyl Alcohol, C*H*,0H(OH).CH*.0]^.0iP> ^ ^ 
.diiced by the action of naeoent hydrogen on j^enylpropyl ntonCi but bai not 
^ been examined (JDsttf; 0%sm. 0sf. vii, U2Q. 

' ^fltCOOBBYLio Alcobol, C**HV0. Scd vol. T. p, Mllli, * Hi: K 
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ygSWO^tnDHrOlIBi (Hoe Quinokks). 

pSSVTXi (**■% Formtim.~^l. By lieating potassium phonato with 

notassium benzoate (Ffankuch, J. jir. Chem, [2], i. 461):— 

^ * C-H^OK + C“1PC0*K * K*CO» + (C"H»)*. 

2. By heating potassium phenato with oxalate (Ffankiich, UtUl. iv. 36). 

3. T^ether with aniline, acetone, and a small quantity of (liphenylamino, by heat- 
Ins fiodiiun phenate witli acetanilide (Weith, Bent. 0tcm, Ges. Jkr. vi. 96G). 

4 . By heating phenanthrene-quinono with sodii-linio (Gmobe, A7ni. Ch. Pkam, 
fllwii* lSl)i 

C»H«0* + 4NaOn - + 2^VCO» + H-. 

Preparatio7U — ^Eugelhardt a. Latsehinoff {Zeitachr. f. Chm. [2], vii'. 2.39) prepare 
this compound by mixing 780 grams of benzene with 26 gi'ams of iodine and 1,2.56 
frranis of bromine. The reaction goes on quietly, but towards the end tlic hotib of the 
water-bath has to be applied. On distillation, the portion boiling below 159^ is col- 
lected separately, and, after drying and romoying all traces of hydrobromic acid, 169 
crams of lodium are added. If the reaction does not begin by itself, it is started by 
contlo heating, but as soon as it begins tlio mixture must bn well cooled. The products 
consist of excess of benzene, diphenyl (of which 120 grams were obtnined), and 
a liquid having a very high boiling point. In the retort there romaius, besides sodium 
iodiilo, a black solid which can bo volatilised by very strong heat. 

Diphenyl is not altered by passing through a red-hot tube 3 feet long, 
lillod with fragments of pumice (Drehcr a. Otto, Aim. Ck Pliarm. cliv. 93). 

By a solution of chromic oxychloride in glacial acetic acid, it is oxidised to benzoic 
acid (Garstaiyon, J. pr, Chem. [2], i. 79). , , , . 

Witli formoldehyae it produces a liydrocarbon which separates from chloroform in 
small crystals (Baoyer, Beut. Chem. Ges. Ber. vi. 220). 

Bromodlphenyli C'*H"Br or C“II\C*lI<Br, is formed by adding bromine to a 
solution of diphenyl in carbon sulphide. It crystAllises in laminae molting at 89° ami 
boiling at 310°, and yields by oxidation parabromobonzoic ^id, which is also formed 
by die oxidation of dibromodiphenyl (Engel hardt a. Latsehinoff). 

CUorodxphenyl, C'*H®C1 « C“Hs.C*IPCl, is formed by distilling diphenyl-phenol 
with phosphorus pontachlorido. It melts at and is converted by oxidation into 
pai^lorobenzoic acid (G. Schultz, Batt. Ch&m. Ges. Bcr. vii. 62). 

Vltro-i and Amtdo-dlplieiiyli (Schultz, loc, cU . ; Osten, Dcut. Chem. Ges, Ber, 
vii. 170). Mononitrodiphe^iyk C'*H»NO* =. C"H\0'IIW, is obtained by treat- 
ing diphenyl with excess of strong nitric acid in the cold, or with the requiroil quantity 
in a hot acetic acid solution (Schultz), or by adding 4 fjte. of fiimmg mine acid diluted 
with 44 pts. of glacial acetic acid to 40 pta. of acetic acid in which are suspended o pis. 
of dipheW ; the latter then dissolves, and after a short time crysUds of nitrodipheny 
make their appearance (Ostou). It is also piwluced bv <;ofJ®rtiug omidonitrophonyl 
into a diazo-compound, and boiling the latter witli alcohol (ochultz). ^ , , i • 

Mononitrodiphonyl crystallises in long coloiu-less needles, which OTc msolublo in 
water, easily soluble in ^lorofonn, ether, and hot alcohol . It melts at 1 13 , volatdisOi 
At a high temperature, and boils at 340°. 

Hpnamiioiipktnyl. hydiwiaorido of to 

■hoed by tmting nitrodiphonyl orith tin and liydrochlonc.^id ; jf 

"wnd * soltdittiotted hydrogen, ond oftor rendering tho solution nlUbno yntli sodium 
kydrato, the biM my bo at once collected on a filter or dn^llcd in a cumut 

of steam. IbetyatoUises from dilute alcohol in thin glutcmg scnlra, whm melt at 
**°-49o iosto^at d9*-M® (Schulta), and aro readily solnUo in alcohol. The Wre- 
chloride, OH* OH^NH*.HCl, crystallises in colourless scales which are soluble in 
The md/phaU, (C‘*H®NBP)*H*SOS likewise forms s^les wM^s^ 

f°lve with diS^ty in cold, more readily in hot water. Tho oxahte, (p. V 
in long white needles which aro soluble in f 

OH*.OH*NH*HNO*, fonns iridescent scales sohiblo in • Jim 
Mnpehloride, 2 (C»lPNH:*.HCl).PtCl* + 2H®0, forms yellow glistening scales, 

"*^jJ®»tely soluble in hot alcohol. a with Hofmann’s 

The properties of the base and of its salts show that it is identical with Uoimann a 

**nylainine (v 1064) i i 
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ronverted into paTanitrobenzoic acid. When this amido-compoand is conrertAd into 
hrommitrodiphenyl by means of the diazo-reaction, and the latter is ozidiiiecl, it yields 
paranitro- and parabromobeiizoic noid. Tho same bromonitrodiplienyl is obtained, 
together 'with another compound, probably an isomerido, uitmting monobroiho^ 
diphenyl ; it is almost insoluble in cold alcohol, sparingly in hot alcohol, and crystaLliiies 
from toluene in colourless needles melting at 173° and boiling above 360°. Uroin this 
it appears that dinitrodiphonyl is a dipara-compound, and this is further proved ]by the 
fact that by converting benzidine into dibromouiphenyl, a compound is obtained 
is identical with common dibromodiplienyl, both yielding by oxidation parabromobejl; 
zoic acid. When Fittig’s isodinitrodiphonyl (iv. 410) is r^ucotl with hydrogen m- 
phide, iaoamidQnitrodiph€nyl\9 produced, crystaHisingftrom alcohol in short red prisms 
which melt at 92°-93°. It differs from the para-compound by forming crystallisable 
salts. The hydroohloride^ C''^n\NO*XNH*).HCl, crystallises in long wKite needles 
which may bo dried at 100°, and decompose only when washed with a large quantity 
of water (Schultz). 

Tetranitrodiph^nylf C‘®II*(NO*)S is formed by dissolnng dinitrodiphenyl in 
Aiming nitric acid, or by acting on diphenyl with a large excess of a mixture of ^nal 
volumes of strong nitric and sulphuric acids. On adding water to the solution the 
totranitrodiphenyl separates ns un amorphous mass, which dissolves sparin^y in 
alcohol and more readily in ether, from which solvent it separates as a friable amor- 
phous mass molting at 140°. By ammemium sulphide, or by tin and hydxoehloric 
acid, it is reduced to a mixture of nmido-compounds which havo not yet been separated 
(Lasamtsch, DeiU. Che^n. Ges, Ber, iv. 404). 


Osjdipliaiiylt Bydroxarldlptaenylt iMplieBplle meaol. or DlphoBOl, 

** C‘*H*OII = C*H*— C*H^OH. This compound is formed by heating potas- 
sium diphenylsulphonate, G^^H-'SO*K, with potsissium hydrate (Latschiiiixffi^ H kk/. 
Chem, dea, ber. vi. 104), or b^ tho action of potassium nitrite on mouoamidodi- 
phenylsulphonato (Oaten, ibid, vii. 170). It crystallises in colourless glistening plntes, 
volatilises with vapour of water, sublimes easily, and gives a fine green colour irith 
strong sulphuric acid (Osten). It dissolves readily in alcohol of 40 p.c., in ether, 
and in caustic potash; gives no coloration with ferric chloride ; is not attacked 
ammoniacal silver nitrate oven at the boiling heat ; gives with load acetate a pieciin- 
tato soluble in acetic acid (Latschinoff). 

Kitric arid converts it mono- <and dinitro-oxydiphenvl, tho former of which 
molts at 67° and volatilises with vapour of water, whilo the latter melts at 164° and 
does not volatilise with vapour of water (Latschinoff). 

With benzoyl chloride oxydiplieiiyl forms benzoyl-oxydi phony], C‘*H*K)* » 
C*^H*.OG'H*0, which mrits at 132° and dissolves with difficulty in alcohol and in 


other (Latschinoff). 

BlplMnylmilplaaiile Adda (Engolhardt a. Latschinoff, Ikut, Chem^ 

661; Latschinoff, ibid. vi. 103). Diphenyl heated with sulphuric acid yields ^ 
Bulpho-acids which may be partially separated by their potassium salts, the monom- 
phonate being the less soluble in water of the two, but more completely by moans of 
their copper salts, tho disulphonata being but slightly soluble even in baling yater. 
Botasaium diphenylmonoevlyhonate, + 11*0, prepared ftom the copper 

salt, crystallises from alcohol of 40 p.c. in flat needles or long plates ffioder^v 
soluble in water, easily in dilute alcohol. The copper aalt, (C**H*SO*)*C?a;# 
crystallises in rhombs or prisms sparingly soluble in water, more easily i" 

40 p.c. In abaolttto alcohol all the diphenylmonosul^bonates dissolTa but 
The barium and calcium salts obtained by precipitation from the potaasiiu 
anhydrous. ' 

Diphenyl’diaulphonio acid, C«HHSO*H)* is tho chief proM 15? 

diphenyl is heated with excess of sulphurio acid, and its sslts are 
with a sublimate of diphenyl, by the action of heat on the di^eny^ 

2C>*H«0'K - C»H“ + C“H«(80»K)». 

ThapofoBHum crystallises in thick lamina containing 
'dpitated by barium chloride in the cold, by calcium chlonde when 
distilling tho disulpho-acid with potassium cyahide, and boiling 
potash, a dicarbonic aci^ 0**H*(C0*H)*, is obtained. : ^ 

Diphenyl-riiittlphonia acid or its potassium salt,* fiiisd with potajutr 

* Xn the Mpert of Latschlnoffs penet (r^ hefon the Rnislaa Ottw 
Kr tketaOimt GakHaekt^^ y/i. IM. the selt oonee^ to thfek i 

~ Hub,* wheress it is ctawto the 6ls^^ — ‘ 

■ ■ " ^ “ ^“*fl,liie 
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pOteiisinn fwlt of oxydiphonylmonosulphouic acid, and then diphenol — 

C»H''j;SO»K)* + KHO =3 K*SO« + C"H»(OIIXSO»K) 
C»H'XSO»K)9 + 2KHO « 2K*SO» + C^lIXOH)^ 

OsjAlptoMijrlnilpliopie Aolda. Oxjdipbcnyl cautiously heated witli eul- 
pliuric yields a mixture of mono- and disulphonic acid, C*-H'*(SO*Jl)OH, and 
Ci*H^(SQ*H)“OH, which may ho separated by means of thoir potassium salts, the 
i^nd-salts being less soluble than the corresponding di- salts. Ferric chloride gives 
tideoloar with the mono-salts, hut a characteristic indigo colour with the di-salts. The 
moho-aoid and its salts are converted by further heating with sulphuric acid into the 
di-salts. 

potassium Oxydiphenylmonosulphonate, C'®U"(SO*K)OH + 11*0 or 
C*1FS0*K.C*H^0H H*0, dissolves easily in weak potasli-ley, not however form- 

ing a basic salt ; also in boiling water, sparingly in cold water, most easily in boiling 
nlcohol of 40 p.C. By distillation it yields oxydipheiiyl and potassium oxydiphenyl- 
disulphonate— . 

2C'*H*(S0*K)0U = CWH*»0 + C‘*ir(SO»K)*OH. 

The barium, calcium, copper, and lead salts, are convertible into easily soluble basic 
Kolts ; ciwstalliBe, some in laminie, others in needles ; dissolve) sparingly in water and 
in nlcQ^f somewhat more readily in spirit of 40 p.c. The neutral barium s;ilt contains 
1H*0 ; the neutral calcium salt, 3H*0. The potiissio-cupric salt, [C‘*U‘'SO*(OH}]^K*Cu 
+ 6H*0, crystallises in green laminee. 

Pot(i88i%tm Oxy diphenyl •disulphonatCt C**IP(SO*K)* Oil + 1J1I*0 or 
C*H*(SO‘K)*.C*H*OH + 14H*0, obtain^ as above described, forms nodular groups 
of leedles, easily soluble in water, precipitated from the solution by alcohol. Its solu- 
tion forma no precipitate with barium, calcium, copper, or silver salts; with lead salts 
a seanty pree^itatc, probably of a basic salt, soluble in acetic acid. In presence of 
basic jsulto aro thrown down by solulions of barium, calcium, or lead salts. 

PMMim wematm Soe Fubnti. Oxidk. 

PHBinr& SUTOVBS (Kollarits a. Merz, DeuL Cltem, Ges, Ber, v. 447 ; vi. 
103d)« Biphenyl ketone or Benzophenone (p. 176) is formed, together with a 
smalL quantity of a substance of high boiling point, by heating a mixture of benzene 
And benzoic acid with phosphorus pentoxide to 180^^-200^ : 

OH* + C*ll».COOH « H’O + C•II^CO.C■H^ 


The benzoic acid in this process may be replaced by benzoic anhydride, and the 
phosphoric anhydride by motaphosphoric, and even by pyrophosphoric acid, the yield 
in the latter case being, however, but small. Boron trioxido and dry hydrochloric 
A^id do not act on benzeno and benzoic acid, oven at 250*’. 

Chkrodiphmyl ketone, g«U«Ci;CO.C*n», is obtained in like manner from chloroben- 
zone. It crystallisoa from a mixture of ether and nlcohol in flat noedles resembling 
benzoic acid, and from potroleum-napbUia in needles grouped in globular masses, 
melting at 75*5^76^ and boiling above 300°. 

Bromodiphen^ ketone, C*II<Br.CO.C*H», is obtained from bromobenzene, and has 
great resemblance to the preceding compound. It molts at SI’S®. 

ketmie, C*H‘NO'.CO.(«l*NO«, is formed Iw ImijiDg dini^-di- 
phenyimethane wUli chromic acid solution ; it is also obtained by the lutration of 
brazo^none, and is identical with that which Linnonmnn obtoined bv the action ot 
nitric acid on benzhydrol. It crystallises from a mixturo of alcohol and ether in 
small^ Bhiaing .neodloZi melting at 129’5° (W. H. Boer, Bout, Cftem, Gee. Ber. v. 7 o)* 

leodinitro^whmyi ketone is not produced in the nitration 

by Qximsing isodinitro-dipbenylmethaiio. It is soluble in alcohol, c , 

‘ in/ icetio acid. From nlcoliol it ci^tallises in short straw-coloured needles or 

Pri$-yeQ^ prisms ; it melts at 118° (Doer). 

Biamidq^^henyl ketone, identical with I^urent’s and 
'ftims hniK ^le^yellow needles, melting at 166°. The correspombng iso-compound 
imt bo obtained in the pure state (Boer). . 

■ '^^lyhfkenvl Ketone, C»H*.CO.C*H*, is obtained by heating toluene with benroic 

'«W,ST|r4X« «nt^ideto l80»-200^ It Sh 

"ly liqttij, feL wwd! som. dm., long pointed p¥®? , ^seSb- 

^,^80 fVoin. a mixtiijrp of ether and potrolcum-naphtha J j benznne 

%.e<Me.tiw,’^^4n^t 66-fi»5i7». It i« rendil^ soluble ,n 

ia pettolwii^aaplitlw. (Bid littl. maio fteely in alcoho . y 
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. cliromic acid it yields benzoyl-benzoic acid, and therefore appears to be identical vith 
Ziiu'ko's tolylopiicnyl kotone, although the latter compound is, according to this chemist, 
an oily liquid. When the solid ketone is heated with soda-lime to 260^-270^’, it is re- 
solved into benzene and paratolnic acid: 


CO 


IC^H* 


+ NaOH = C«H« + C“H* 


iCH» 

iCO.ONa. 


The portion of the ketone which remains liquid on standing yields also a large quantity 
of paratoluic acid ; orthotoluic acid could not be detected. 

Cfjmyl-'j^'henyl Ketone, G*"H'^CO.G*Il^ is obtained in small quantity only, by 
heating camphor cymono with benzoic acid and phosphorus pentoxide. It is a palo 
yellow oil, having a very agreeable odour, and boiling at about 340^*. It does not 
solidify in a freezing mixture, but becomes very viscid (KoUarits a. Merz). 

o- and fi-Naphthyl-phenyl Ketone, — ^These two isomeridcs are 

formed together by lieating naphthalene with benzoic acid and phosphorus pentoxido 
for 10-12 hours to 200^-220°. The a-compound crystallises from a mixture of ether 
and alcohol in thick short prisms melting at 77*5^ ; the i3-compound forms needles 
melting, at 82°. By separatiup^ the two ^nds of crystals mechanically and rociystal- 
lising them, they may be obtained pure. When a-naphthoic acid is heated with ben- 
zene and phosphorus pentoxido, only a small quantity of the a-kotoiie is produced, 
besides carbon dioxide, naphthalene, and a~dinaphthyl ketone. The latter compound is 
a glassy mass, which by recrystallisation, first from a mixture of ether and alcohol, and 
then from alcohol alone, yields colourless pointed needles melting at 135° and distil- 
ling without decomposition. It is also produced by heating naphthalene with a-napU- 
thoic acid and phosphorus pentoxide. iS-naphthoic acid and benzene give a good 
yield of /S-naphthyl-phenyl ketone, ^-dinaphthyl ketone is formed by heating jS-naph- 
thoic acid with naphthalene and phosphorus pentoxide to 200°— 220° for 20 hours. 
It crystallises from hot alcohol in plates, which soon sepamto into noodles. It is less 
soluble in alcohol than the a-compound, and melts at 134*6°-136°. According to 
theory, three dinaphtliyl ketones may exist. The third modification appears to bo 
formed by distilling ii mixture of potassium iB-naphthalone-sulphonate and oxalato; it 
melts at 140° (KoUarits a. Merz). 

Thenyl-methyl Ketone or Acetophenone, CH*.CO.C*H*, forms two nitro- 
derivativos, one solid and the other liquid, the latter of which, when heated witJi soda- 
lime and zinc-dust, yields a small quantity of indigo-bluo (p. 606). ^ 

When boiling acetophenone is treated with dry ammonia and the product is distillea, 
a thick oil passes over first, and then a a^stalline Bubstauco partially soluble in hydro- 
chloric acid. Ammonia added to this solution throws down a base called acetoplio- 
nonino, C«H“N, or which crystallises froth hot alcohol in fine, 

needles melting at 130°, It is a very stable compound, not being decomposed by red- 
hot soda-limo or by a boiling solution of chromic acid. It is not produced by heating 
acetophenone with fdcoholic ammonia. 

Aoetephenonine hydrocTdoride forma small, thin plates, and is decomposed by water. 
mtTo-^etoph^iirw, C«H«(NO*)*N [?], ciystallises from hot ether in yellowisH 
needles. . , 

The portion of the product of the action of ammonia and phosphorus 
aceto^enone, which is insoluble in acids, consists of triphenyl-benzone,C"B f 

(p. 946), (Engler a. Heine, Chem. Gee, Ber. vi. C38). 

Methyl -phenylmethy I Ketone, Benzyl-methyl Ketone,^ or Bheny* 
acetone, CU»(C«H»).CO.OH», is produced, together with acetone, diidienyl-ace^^ 
toluene, and an empyreumatic oil, by the dry distillation of a mixture xii equal 
of acetate and phenyl-acetate (alpha-toluate) of barium; 


CH» 


(!x)i 


o?L 


CH*(0*H*) 

lx)0^ 

2 


CO»Bn -h CO 




CH? 


'^iP(cra“> 


puxifiod by fractional distillation, boils at 216°, and has 
ffravity of 1*010 at 3°. It unites with sodium bisulphite, forming ® 

® iwu*- i4. heated wi A phosphorus 


The ketone. 


fam» 


may be cxystallisod from dilute alcohol. When it is heated with 
chloride, and afterwards with alcoholic potash, a hydrocarbon appears to ne . 

(It. Otto, J.pr, Chem, [2], i. 144). . . 

Dip^kenyl-methyl Ketone, Biheneryt Ketone^ or piphenffi-^9^^9^* 

CO is formed Ijy the dry distilUtSon of barium phenyli^ 

tiliatef solhmiea. at low Umperatiwes, be tmriiied 
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liBation from alcohol. It forms transparent flattened prisms an inch long, melts at 
30 ® and boils at 320®. The fused mass solidifies in stellate groups of lone needles 
(Engler a. Heine). 

TUmim OJCZBB, C«H*«0 - C“mO.C»H». Tliis bodV, isomeric with oxydi- 
plienyl, was first obtained by List a. Limpricht by the dry distillation of cupric ben- 
zoate (iv. 417)i and has been more completely examined by Hofmeister (jDen£. Chem. 
Gfia*Ser.ni. 747)f who obtains it also by tlie action of diazobonzeno sulphate oti 
phenol. Aniline sulphate is rubbed to a j^sto with water; a rapid stream of nitrous 
sicid is passed through the solution is mixed with phenol; the mixture, after 
standing for some time, is carefully heated till all the nitrogen has escaped, then 
treated wiUi caustic soda ; the undissolvod portion is distilled with vapour of water, 
as long as an oil passes over, and this oil is purified by rectification. Tlie reaction is 
as follows : 

+ c-jpoH (c*h‘)“o + so*n» + n*. 

In preparing phenyl oxide by the process of List a. Limpricht, Hofmoistcr mixes 
the crude distillate with soda-ley, and distils it over an od-bath with ad^tion of 
water. 

Phenyl oxide is a colourless solid mass having an odour of geraniums ; melting at 
28° and boiling at 246® ; nearly insoluble in water, easily soluble in alcohol, benzene, 
and glacial acetic acid, miscible with other. 

Phenyl oxide is not decomposed by passing over red-hot zinc-dust, or by heating 
with hydriodic acid. Heated to 220° for 10 hours with pentachloride and oxychloride 
of phosphorus, it yields a chlorinated oil boiling at 260®-280®. On ablating it with 
strong sulphuric acid, the cliief product obtained is a disulphonic acid {infra ) ; if, 
however, the phenyl oxide is not quite pure, diphenyl is at the same time produced. 

Bihromopheui/l oxide, C”H*Br'‘0, produced by the action of bromine on phenyl 
oxide dissolved in carbon sulphide, dissolves easily in alcohol, ether, benzene, and 
glacial acetic acid, and crystallises from alcohol in long, colourless, shining needles 
melting at 63®-66®. 

Linitrophen^l oxide, C**H"(N0®)®0, produced by the action of fuming nitric acid 
on phenyl oxide, forms long silky needles which molt at 13d® and dissolve easily in 
ulcuhol, ether, benzene, and glacial acetic add. 

piavi idophenyl oxide, C**H®(NIP)-0, formed by the action of tin and hydrochloric 
acid on the dinitro-compound, crystallises in nearly colourless scnles which become, 
(lark-coloured on exposure to moist air, and melt at about 185®. The sulphate crys- 
tallisps in fine needles. 


Phcn^loxide-dieulphonic acid, C»H*®S*0^ = CW(SO»H)— 0— 0«HXS0®H). 
—This acid, isomeric with oxydiphcnyl-disulphonic acid (p. 939), is obtained by lieat- 
ing phenyl oxide with sulphuric acid, as a colourless syrupy liquid, which evaporated 
in the exsiccator, deposits largo hard crystals, deliquescing in the air, easily soluble 

in alcohol, insoluble in etlier. The barium salt, (drie.1 at 120°) is a 

crystalUiio powder which dissolves slowly but abundantly in water ; it contains water 
of crystallisation. The sodium salt, (C**H*S0®Na)»0, forms microscopic rhombic plates 
coiitiining water of crystallisation. The silver salt crystallises in warty groups ; the 
salt in slender needles (Hofraoister). 


»lieayli«ll3rl OJddet C*H*.CO.C>H\ See Allyl Ethisus (p. 56). 

OaddOi G*H*.C0.C’H^ See Bjsnzyii Ethehs (p. 180). 


— ■vwaisxp^. The monosulphide, passed several times 

through an iron tube filled with nails and heated to low redness, is converted, with 
separation of a large quantity of carbonaceous matter, into an isomeric compound, 
paraphenyl sulphide, which may bo purified by distilling the crude product, wl- 
*«g the distillate to a low temperature, and recrystallisiug the solid substance whicli 
solutes out. It is insoluble ill water, modeiatoly soluble in carbon sulphide, ether, 
and benzene. By digestion witli chromic acid mixture it is converted, analogously to 
Plienyl sulphide, into parasulphobonzide, C^H^^SO*. This latter . 

crystallises firom hot alcohol in long, white, shining needles, soluble in Wen^^ 
®wer, and carbon bisulphide. By hot concentrated sulplninc or nitric acul, it is n 
<iotempo8od, but simply dissolvecl (Stonhouso, Proc. Boy. Soe. oth. 542). 
y^^^enyl bi8uMide,X&R*yS^ iafomo^ a. By the action of cyanogen chloride on 

sodium salt of thiophenol (sodium phenyl-morcaptido) ; 


2C«ffSNa + ONCl - (C*H»)*Ss 
[2], i. 147). 


+ NaCl + NaCN 



m 


PHENYLAMINES. 


By BuljMtiDg the mereury-6oinpouiid of thio^henol to dry distilla- 

lation or heating it with water to 180°, whereby it is resolved into meroury and phenyl 
bisulphide. This com^und forms small white shining needles, which melt at 60°, 
and are converted by zinc and hydrochloric acid into thiophonol (Droher a. Ottot Ann, 
Chm, Pharm, cliv. 178). 


1. MonopbeiiarUuiilnei AalUne. 

fifing point According to E. Lucius {Dent, Chem, Cfee. Ber, v. 164), wlioso results 
ore confirmed by Hofmann, aniline solidifies and remelts at —8°, not at —20° as 
commonly stated. 

Combinations, — a. With Metallic Iodides. — On mixing alcoholic solutions of 
aniline and cine iodide^ the compound 2G°H'N.ZnP is formed, as a crystalline magma 
which dissolves at tho boiling heat ; and the solution on cooling deposits the compound 
in strongly lustrous, colourless prisms and needles, which dissolve readily in alcohol, 
but are partially decomposed by solution in water. It is decomposed by heat, giving 
off aniline and afterwaras vapours of iodine. Tho cadmium-compound^ 2C*lPN.CdI% 
premred in like manner, forms long brilliant needles. The mcrcu^-conipound, 
2C''H’N.HgP, is prepared by dissolving mercuric iodide in a boiling solution of aniline, 
and separates on cooling in sulphur-yellow plates and prisms. It cannot be purified 
by recrystalliaation from alcohol, since it decomposes immediately on solution, with 
separation of a bright vermilion-coloured crystalline precipitate. The yellow salt is 
insoluble in water, easily soluble in aniline and in alcohol containing aniline. When 
exposed to tho air it gives off aniline and acquires a vermilion colour. When care- 
fully melted in a test-tube it solidifies on cooling to a crystalline mass, exhibiting on 
isolated spots beautiful vermilion-coloured crystalline vegetations (H. Vohl. Arch. 
Pkarm. [2], cxlviii. 201). 

3. With Organic Acids. — Aniline mucate, C*H'*0*(C*IPN)*, is formed hy boiling 
mucic acid with water and aniline: also together with phenyl-mucamidc, 
C*H*0*(NHC*H*)®,by boating mucic acid witli excess of aniline (p.948). It foimis faintly 
yellow ciystals, which dissolve in water and lose aniline on prolongs heating there- 
with, apj^rontly without forming an acid salt, lb is insoluble in boiling alcohol, hut 
gives off the whole of its aniline on prolonged treatment with the boiling liquid. 
When heated with alkalis it yields alkaline mucatos and froo aniline* Hoatra in an 
air-bath it loses water, and is converted into phenylmucamide : 

C«H»«0'(C«H»ffN)*-2H*0 - C«H''0«(C«H»HN)*. 

By dry distillation it is resolved into aniline, water, carbon dioxide, and phenylpyrrol 
(Kottnitz, J, pr, Chem, [2], vi. 136). 

Aniline saccharate ferms'a nqrrupy mass yielding by dry distillation an oil which 
solidifies to a crystalline mass, and is obtained in white laminae by recrystaliisation 
from alcohol (Kottnitz, Chem, Oentr. 1870, 143). 

Bead ions. — 1, Aniline vapour passed over heated lead oxide yields a small quan- 
tiW of a base which ciystallises in needles and molts at 70° (Behr a. van l)orp, Jkut. 
Chem, Gee. Ber. ri. 765), . , -i- 

2. Ckmimermal aniline heated with and a little water, yields iiniline- 

red, hydrogen phosphide being formed and tho aniline being oxidised by the liberated 
oxygon (A. Stiassny, Dingl. ^yt, i/.cxcix. 413). 

3. When aniline in excess Is jailed with sulphur as long as hydrogen sulphide con- 

tinues to be evolved, thioaniline, 0**H‘*N*S* «• S(0*H*.NH^)^, is fotoed, togas' 
with a lam quantity of resinous matter, probably containing more highly sulpnu- 
retted anilines (Men a. Weith, Jkut, Chem, Ges. Ber. iii. 978). . l 

. 4. "^en aniline is treated with pure sulphur chloride^ 8*C1*, diluted ^th 
bisulphide, a reaction takes place in two stages, in tho first of which, 
phocarbamido (sulphocarbanilide), aniline hydrochloride, and free sulpnnr 
Mimed, according to the equation : 

+ SK31* + C8* - N»(CS)H«(Cra*y + a(c»H’ji.iica) + 

and in the second, the excess of sulphur diloride acts on the .olphocaTbaiuii^ 
a xnanneras topr^ttce triphenyl*guanidino and phenylrSiflphoearDiin 

ait^C»)H»(Cra*)* + S>ci* - N*[a»(0'IP)'H'] + N(0SXCTI*) + ♦ **■ 

This lost Mseden b exactly rimUar to that wjueh uua 

{Ut 9w^h 666) to take place between sulphocarbanilide and iodine 

Jkut, Chom, Ges, Ber. \y,\^7\ ■ ^ j \ oxif 

6. Aniline acetate, dissolved in acetic acid, is violently attacked 
ehtoride^BSid the product, dUfited with water, yieldsoii distfllation | ^ ^ 
distillate, from which needle-shaped crystals' separapte ; theM, " 
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(fter a while, _and Ae aoltttion tlien no longer cdntaina any etyatalUaaUe »^nm nii 
(CaMta^ien, J. pr, Chem, [2], ii. 82). ^ 

6, With cpancffen, anilino forms, together irith aniline cyanide, a red crystalline 
rjass which, when purified, yields fine red crystals of a mono-acid base, having the for- 
mula C**H*^N*, and forming with hydrochloric acid tho crystalline salt C**H*^N*.HC1. 
This body may be regarded as triphenyl- guanidine cyanide, and ronresented 
by the formula N-i;C.H*(C«H*)«].2eN. men heated witli weak spirit (boTund^r 
pressure) this baso is resolrod into diphenylparabanic acid, ammonia, and aniline: 

C[N*H»(C«H»)»].2CN + 3H»0 * CO.CWN*(C«H»)» + 2H>N + C«IPN. 


On boiling the alcoholic solution of the base with concentrated hydrochloric acid for 
some time, the diphenylparabanic is also decomposed, and ultimately ammonia, anilino, 
carbon dioxide, and oxalic acid are produced (Hofmann, Deut. Chenu Gcm Ber iii* 
763). 

7, With carbon Utrabromide, aniline forms hydrobromide of triphenyd- 

guanidine (Bolas a. Groves, p. 257) : ^ 

3N(C«H»)Ha + CBr^ * N*[C(C«H»)>H*].HBr. 

8. Anilino, added by small quantities to chioracetyl chloride, which must be kept 
cool, forms phony 1-chloracetamide, which cry'stulliscs from aqueous solution in 
slender needles and from alcohol in plates : 


N((>'H')H* + C*H*C10.C1 « HCl + N(C-H»)(C*H*C10)H 
(Tomniasi, Compt. rend. Ixvi. 885). 

0. Aniline, heated to 150®-170® with ethylidene-chloride, forms diethylidone- 
diplienyl-diamino (also produced by tho action of aldehyde on anilino, iv. 466) : 

6C-H»N -I- 2C*H«C1* « N2(CPH^)*(C«H»)^ + 4(C»H»N.HC1) 


(H. Schiff, VeuL Chenu Ges. Ber, iii, 412). 

10. With chloral, aniline appears to form basic compounds (Wallach, ibid, iv. 668) ; 
see also Maumen5 {Bull, Soc, Chim, [2], xiii. 409). 

11. Aniline contoining potassium in solution forms, with bromohensene, a compara* 
lively small quantity of diphenylamine, and a larger quantity of triphenylamino 
(Merz a. Woith, Deut, Chem, Gee, Ber, v. 646). 

12. Wlion aniline hydrochloride is heated to 230°-250® for sevoml hours with 
methyl alcohol, a yellow transparent honey-like mass is formed, consisting chiefly of 
mothylaniline hydrochloride: 


NH*(C-H*).HC1 + CH*OH - H»0 + NU(CH*)(C»H»).HC1 ; 


&nd on heating the contents of the tubo for a day, tliis mass is converted by iiitrn- 
molecular transposition into the crystalline hydrochloride of toluidine (Hofmann, 
ibid, V. 720) : 

C«H»— NH(CH*) - NH»[C«H«(CH»)] 

MethylanUine Toluidine 

13. A mixture of aniline, aniline hydroclilorido, and furfural, all in alcoholic solu- 
bon, solidifies to cxystals of tho hydrochloride of furfuraniline, C*’Hmo*N*.HCI. 
Other salts of this base axe obtained in like manner. The base itself, separated by 
bituiating its salts with ammonia and kneading with water, forms a brown mass. Its 
jdcohoUc solution decomposesin contact with the air, and then no longer forms ciystal- 
hsablo salts with acids (Btenhouse, Broc, Boy, Soc, xviii. 637). 

'WiitkHitrobengoicaldehyde, aniline forms nitrobonzonylanilide.^C'^ff^J^^O*: 


fC‘H<(NO») 

C3»H»(N0»)0 + C*H*NH* - IPO + N 

Aj] isomeric compound, beneonyl-nitranilido, is formed by tlie action of benzoic 

wdehydaonnitraniline: 


C'H«0 + C«HXNO*).NH* » H«0 + N 


C»K» 
C«IP(NO*) 


• OnfiQdj la the original paper, nUribeiuoirlanittio 
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IVitiEobenzoio aldehyde and mtramline yield nitrobonsyl-nitranilide, 0^>B[*Ki04' 
C’1P(N0*)0 + 0'H*(N0»)NIP - H*0 - N |c»HHNO«) 

Lazotenco {N, Peicrab, Acad, Pull, xv. 372). 

BromaiilliBeaf NIl^(C"IPIlr), (Fittig a. Sieger, DeiU. Chetn, Ges, Ber. vii. 1175'). 
l^arabromaniline Tvas prepared from tho nitrobromobonzcne obtained by nitration of 
metabromobenzciiG, by Tocluction vritli tin and h3’drochloi'ic acid, and distillation of tho 
solution mixed with caustic soda. When purified by crystallisation from aqueous 
alcohol, it forms largo colourless regular octohedrons, melting at 63^, decomposed by 
distillation. Tho monobroinophenoL obtained from this bromaniline by tho diazo- 
reaction melts ut 63°-64°> boils at 238°, and is converted by fusion uritli potash into 
resorcin. 

Orthobrmnaniline^ obtained in like manner by nitration of orthobromobonzone, &c., 
melts at 31°-31*5°, boils nt 229°, and distils without decomposition. 

CliloraDlUn«, NlI'CC'll^Cl). An alcoholic solution of this base, heated with 
carbon sulphide, yields a sulphur ea, CS(NH.C*H^C1)-, which crystallises from alcohol 
in long white needles, melting nt 168° (liOsanitsch, ibid, v. 156). 

mtnuaUlne, N1P(C*H»NO‘0. Of the tlireo possible modifications of this base, tiro 
have long been known, viz.: orthonitranilino (1 : 2) from acetanilide, and inota- 
nitraniline (1 : 3) from di nitrobenzene (p. 925).^ Tho third, or paranitranilinc 
(1:4), has lately been obtained by Walker a. Zincko {ibid. v. 114), by heating para- 
uitrobromobenzenc (p. 142) to 1 80°~190° with concentrated alcoholic ammonia, thou 
evaporating to dryness, and recrystallising from water. 

Paranitranilino is distinguished from the other two modifications by its molting 
point, solubility, and tho colour of its salts. It is much more soluble than the ortho- 
and meta-modifications in water and in alcohol; its solutions are intensely yellow, and 
communicate this colour to tho skin. It volatilises more easily with vapour of wator, 
and the watery distillate has a strong yellow colour. Tho melting points of the throe 
nitranilincB arc as follows : 

Ortho- Meta- Fnra- 

Moltiiig point . . . 146° 108° 66° 


Paranitranilini!, heattjd between two watch-glasses, yields a sublimate of oily drops 
which become crystalline. Like the other two nitranilines, it forms unstable salts 
which, however, are not colourless, but distinctly yellow. 

IMpbeBjlaintne. » NH(C«H»)% According to Dusart a. Baidy (Comp, 

rend, Ixxiii. 1 276), this base is produced by the action of various phenol-compounds 
on aniline, the reaction consisting in tho substitution of phenyl derived from the 
phenolic ether for an atom of hydrogen in tho aniline molecule ; thus-— o. By heating 
aniline to 225° with dry sodium phenylsulphonato. &, By heating a mixture of 1 i)t. 
aniline hj'drochloride, 2 pts. phenol, amd 1 pt. fuming hydrochloric Mid to 260° ; lu 
the absence of the acid the reaction takes place only at 800°, showing that the acid 
acts ns an ctherifying agent. 7- By passing aniline and phenyl bromide (bromoben- 
zeno} through a tube hcateil to low redness, or by the action of sodium on the simo 
mixture nt ordinary tomperaUiros ; also by heating aniline to 180° with pheny. lodido. 
Girard a. I)o Lairo on the other hand (Compt, rend, Ixxiv. 811, 1251), find that /u- 
phonylamine is not produced by heating dry sodium, phenylsulphonato with nnd*"®' 
unless a small quantity of an aniline salt is also present, in which case ito 
is due to tho action of the aniline salt on tho aiiiline itself. Similarly the 
of diphonylainino on phenyl bromide or iodide occurs only when this iodMW orbwm* 

vwItAn 4 -Iia n*t111«,A AAntnina nn nVilltna TjHflttV GlESTd B. 


l^enolie resmuo lor an acorn oi uyarogen m anuwe. oue, 

AwMdwg'to Mere a. mitii (JJsBi. Chem. Ga. Btr. t. 288) cpmwwiri 
amine is pure, with the exception of traces of aniline; it crystallises iSfoni ligroi 


water. The action of oxidising agents on the solution of 
salts, gives rise to a variety of characteristic coloralioiiB. 

* filthecto xunified as jrtrsnltrBuilino (p. 143), inaamiloh M the 
have ItStwe afSre-Seniw WMBifl relative positlona (I s 3)j was fonasriy •• • 

rnai>.9i»)» ■ 
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N(G*H*)^C^H’ 0 , is obtained by the action of acetyl chlotideon 

diphonyl*^™*“®* 

Carbon difiulj^hide has no action on diphenylamine. 

Clilorocarbonic ether and diplioiiylamiiia give the compound, N(C®H*)®.COOC*H\ 
J)iphenylamiiie as a test for Nitrous and Nitrio acids , — ^The reagent is prepared by 
pourmgpure sulphuric acid over a few crystals^ of diphenylamine, and adding a little . 
vator, whereby tho temporaturo is somewhat raised and the crystals are dissolved ; the 
solution is then mixed with a larger quantity of pure acid. This clear colourless 
liquid at once produces u beautiful and very permanent blue coloration in ordinary 
sulphuric acid of 60® or 66® B., or in chamber acid (62® B.), containing eveii traces of 
liitTOUS acid. Tho reaction is at least as delicate as that with ferrous sulijhato. 

The test may bo rendered quantitative by comparing tho coloration produced respec- 
tively by 1 c.c. of the acid to bo tested, and 1 c.c. of acid containing a known amount 
of nitrous acid ^vith an excess of tho reagent (a solution of 1 gram diphonylamino in 
I litre of pure sulphuric acid), and addiug pure sulphuric acid to one or other of tlio 
fiolutions until tho intensity of colour is alike in both cases. Although not absolutely 
iiocurabo, the method is sufficiently so for most tochnioal purposes, and. is fur simpler 
tliuii many of tho methods ordinarily employetl (E. Kopp, l)eut, Cftem, Gcs. Ner, v. 
284). 

Tripbenylamlnei = N(C®1P)®, is produced, together with a compara- 

tively small qiiantity of diplienylaniino, by the action of bromobonzone on aniline. It 
is spiiringly soluble in alcohol, more readily in petroleum-naphtha, and crystallisos in 
large thick plates, melting at 126°-127“, and boiling nt a high temperature. With 
difibreut reagents it gives blue or green colours. Triplienylamine may also be obtained 
l.y tho same reaction from diphenylamine (Merz a. Weitli, diid. v. 646). 

PBBinrK-BBirZBirBa. Di^hcnyl-henzcne^ is formed, 

together with diphenyl and large quantities of yellow brorninated products, by the 
action of sodium oii an ethereal solution of solid dibromol^nzeno, or bettor of a mix- 
ture of this compound with monobromobenzeno. To obtain it pure, the ethereal solu- 
tion is mixed with water; the diphenyl distilled off; and tho crystalline residue dried, 
(listillod in a stream of carbonic anhydride, pressed between paper, and rocrystalliscd 
from ligroin and benzene. , , . xi 

Diphonyl-bcnzene melts at 201® (corr. 205®), sublimes readily, and boils in the 
vapour of boiling sulphur (440®). It is insoluble in boiling alcohol, nearly insoluble 
in ether, somewhat nioro soluble in ligroin, and still more in bonzono. From the latter 
solvent it ciystallisos in tufts of flat needle.s. It does not combine with picric acid 
(F. llieso, Zeitschriftf Chern, [2], vi. 102, 736). 

Tripkenyl-benzene, C«H'»=C®H*(C*H»y», is formed by the action of phosphorus 
peutoxide on acetophenone, in tho same nianucr as mesityleno (trimcthyl-bonzene) from 
acetone : 

3(C*H*.CO.CH*) - 8H*0 o 3(C*H*.C.OH); 

also, together -mth aoetophononine, by the action of dry ammonia phMphoma 
pontoxide on boiling ucetophonono ; in this case it constitutes the portion oi tlio pro- 
duct which is insoluble in acids (p. 940). „ , ^ i 

Triphcnyl-henzono crystalliaes from ethor in short, woU-^finod prisma 
167°-168°. It is but slowly attacked by oxidisii^ a^nts. With 6 /- 0 Jm»is and 
acid it forms Bubstitution-products (Englor a. Heine, Dcut. Chem, Ges, iscr, vi. Q6o). 

raaim-BXintBTS. See Bxuiubt (p. 103). 

^BBimb-BltOWir* This colouring matter, which possesses explosive propOT- 
tics, is formed by the action of strong nitric and sulphuric acid on phenol, ^m the 
oaperimeats of BdUey a. Haminol {Dingl. pol. J. cxct. 160\ it “PP“«« ^ 

dinitrophenol with a brown amorphous substance, which may Im d . 

“IWis aJi tm^pitoted by Lohd, Snd is not at all explosive. The explosive charac- 
Icr of the phenyl-brown is therefore due to the diiiitrophenol. 
nsinrXi.BVmSiarJB. C««H” - C*H"(C«H») (Aronheim, Ncut. Ch&iu 

V. 1068). This hydrocarbon is formed by mixing benzyl cMon^ ^th^all^l 
■odide in ethennl solution, tho action commenci^ at rf^tho pro- 

^“nng tho heat of the water-bath its completion. and Smn 

duct, fractionated in Linnemann’s apparatus 7*®*^*, ^ retort conastF 

^enyl-butylena pnssingover botweeS 176<» and 178». the residue in the retort consist 

odourless aromatic ml having an 

^^h<m..'a„d • spedfle gmriiy rf 0-816 at 16-6». ito 

rise to, the sepmtihn of hydrobromic acid, but on aaoing 
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iolutidik in chlorofonn, combination tokea place, producing the bromide i 

the form of an oil which diatils without change. On treaung this bromide withpot^^ 
hydrogen bromide is separsted; but the formation of the hj^drocarbon, C'®H**,ha8^t 
been definitely established. By oxidation with dilute nitric acid phonyl-bntylen 
yields an oil which smells like bitter almond oil, and a sublimate apparontiy consisting 
of benzoic and cinnamic acids. ^ 


PBaim-OABBAMlO BTRBM, or VBBmrB-raBTRANBB. Hn 

f jjw Pairs 

Eih^l Phenylearbamate OT CarbanUate, , see Cabhaiiatss (p. 252). 

laohutyl Phenylcarhamate, CO produced by mixing ethereal solutions 

of isobutyl chlorocarbamate and anilino. lb ^stalliscs in soft white needles, meltinir 
at SO*’ and boiling at 216°, a small portion being thereby resolved into isobutyl alcohol 
and phenyl-cyanate. It dissolves easily in alcohol and ether, sparinelv in -watm- 
(£. mylius, Dent. Chem. Gcs. v. 072). 

PSBirn.BlAOBTAMZDB, N(G*H»)(C*IPO)», is formed by heating phenyl, 
oulphocarbimide with glacial acetic acid to 130°~li0° ; 

+ 2T°| 0 - C0> + H»S + M 


It resembles acetamide, melts at 111^, and is resolved by alkalis into anilino and acetic 
acid (Hofmann, Dent Cbem. Ges, Per, iii. 770). 


SI-PBBNnBVB nTOBTB, 


co<"| . 


On the formation and constitution 


of this hydrocarbon, and its conversion into phonylbenzoic acid, boo pp. 0-1, 9’), 

435. 

By distillation over einc-dvst, it is easily and completely reduced, forming a colour- 
less hydrocarbon—doubtlcBB diphenyleno-methane, CH*<r I — which dis- 


solTefl easily in alcohol, and ciystallisos in shining scales or warty concretions molting 
at 113° (Fittig, ibid. vi. 287). 

(?HM 

BMBBBTSWB OXXBB, I fO (sec p. 435). 

PBBirnB»B-IIXA3KnrB. Piamidohmzene, C>H«(NH7 - 

this base were obtained by Hofmann, 

the action of reducing agonts on the corresponding nitramidobenzencs (nitranilinea), 
(>H*(NO*)(NIP) (see iv. 980 ; Is^. 8uppl, 923), A third modification (y) is obtained 
by the following processes 

X. By distillation of cither of tho two diamidobonzoic acids produced from uramido* 
benzoic acid (Is^ Suppl. 023) : 

C"H^(NH*)*0» B CO* + CH\NH»)* 


(Griess, J.pr. Chm. [21, iii. 143). 

Now these two diamidobonzoic acids arc deiiTcd from the same amidohonzoic acid 
(1 : 2)> and their isomerism is explained by the following formula : 

(1:8:4), or C® CO*H B NH* NH* H H 

(1:2:3), or C® 00*H NH* NH» H ' B H ‘ 

Consequently the phenylene-diamine formed from either of them will bars ths 
gtonps KH* in contiguous places ; thiCtis to say, it*will be an orthO-compounu 
(1 : 2). Kow /B-phenylene-diainine (from dinitrobenzene) ii known to bo 
obmponnd^ and tnerei^ a-phenylena-diamina must be the para^compound (1 : 4)^ 

2. By boiling paradibromobenzene, C®BrHHBrHH^ with fbming nitric ao^brewg 
the resuUing nitrodibromobenzene (1 : 2 : 4} or 0®Br(NO»)HBmH, wi& 
ammonia, wltoreby it is converted into nitramidobromobenzeno (I ! fi 1 
eith*»0\StiPXTO»iHBrHH. .<ir CWt(NO^HINH*jHH ) tad Mdt>e!n8 t|*: |^;P* 

g nnd with tin and ^dzgthlorio acid^ The nWylMe^ianaim thna fori^ W 
I tam geoi^ in porition 1 : 2 or 1 ; 8 ; bnt the identity^oC 
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trith thoio of Griesa's baae shovs that it ia the ortho-compound (Moyer a. Worater, 
nrtrf, ciem^ Ber. v. 362 ) ; compare p. 144 . 

3, By heating nitraniEdc acid with ammonia to 160°, urhorehy the group OCJl” is 
iWacel byNHS reducing the resulting nitroparamidobenzoic acid with tin and liydro- 
rhlozic acid, and subjecting the diamidobenzoic acid thereby produced to dry disiilln- 
tion. Now since anisic acid is methyl-paraoxybenzoic acid, C*(CO-H)HII(OCll*)HH, 
nitr^ramidobenzoic acid formed from it must havo the constitution represented by 
one of the following formul® : 

1 18 4 ff G 

C« CO*H Jl NO* NH» II II 

C* CO*H NO= H NIP H 11 


Consequently the diamidobenzoic acid and the phonyleno-diamine dorii^ed from it will 
have the two NH*-group8 either contiguous (3 ; 4 or 1 : 2) or separated by one interval 
(2*4 or 1 : 3)> But this phenyleno-diamino likewise agrees in properties with 
Grioss’s compound, and must therefore bo regarded as the ortho-modification. 

This conclusion is strengthened by the tact that when the nitroparamidobenzoic 
acid is treated with nitrous acid in alcoholic solution, it is converted, by substitution of 
H for NH*, into ordinary nitrobenzoic acid, C*JI*(NO-).CO“H (crystallising in needles 
which melt at 140°-141°, soluble in 400 pts. of water at 22*5°. yielding an othylic 
ether which crystiillises in plates molting at 40°-41°, and reduced by tin and hydro- 
chloric acid to an amidobcnzoicacid melting at 172°). Now since, in the formation of 
tliia acid from nitroparamidobenzoic acid, the NlP-group is replaced by H, whereas, 
in the conversion of the same acid into phenylcnc-diamine, it is the CO‘‘H-group that 
is thus replaced, it is clear that wliethcr the nitro|;iaramidoboDzoic acid bo represented 
by the first or the second of the above formula}, 1 : 3 : 4 or 1 : 2 1 4, the phenylone- 
tliamino and nitrobenzoic acid derived from it cannot have their side-chains in the 
same relative position. If the first bo a 1 : 2 compound, the second must bo 1 ; 3, 
and vice versd. Now, according to recent investigations (p. 133), ordinary nitrobenzoic 
acid (like its congeners amidobonzoic, oxybenzoic acid, &c.) is a mcto-compound, 1 ; 3, 
and thoreforo the phenylene-diamino in question must bo an ortlio-componnd, 1 : 2 
(H. Salkowski, JJeut. Chem, Ges. Bcr, v. 722). , u i • 

4. Ortlioplicnylene-diamino is also produced by the action of tm and hydrochloino 
acid on the nitranilino obtained from the bromonitrobenzone which molts at 38 , 
vhich must therefore bo likewise an ortho-compound (Zincko a. Sintonis, inw. vi, 123), 
Properiies and -Orthophenyleiic-diamino dissolves readily in hot water 

and crystallises therefrom in white, or often reddish, qimdratic plates; it is also very 

soluble in alcohol and in other. i • n.- 

The melting and boiling points of the throe phenyleno-diaminos are shown in the 


Orthophonyleno-diamino . 
Meta- or B-phenylone-diamine 
Para- or a-phonyleno-diamine 


Melting point 
, 99° 

. 140 
63 


“owing table ; Bdllngp«lnt 

252° (Gricss) 

267 (ITofraann) 

287 (Hofmann) 

A W.cii'* VA - > 

OrtiophemUne-dmmine Mphote, C*H*(NH*)*.SO*H*+ IJIPp. ciystaUi^ in Bbining 
rale oSsily soluble in hot. sparingly in cold water, anS giving, off thoir wter of 
oystoHisatiou at a few degrees above 100». ■ 'lU plaltnociloridc w a brown-rod pro- 

“ On'Siding a concentrated soluUon of ferric chloride to « *olurion "f 
hydiochlorio acid, ruby-rod needles separate, consisting of the hytochlmdo of 

nrhich may bo obtiuned by adding nmmonia to ^o “^"tion of tto h^- 
^de, in deep yellow microscopio needles, almort insoluble m all noutol^vOTto. 
The formation of this base is perhaps represented by the equation 20 H N +0 

orthophenylene-diamine. when oxidised hy thwmic^ 
>»irtare. gtL off^S odour of /uinone; Meyer a. Wumtor, on the oth» ^ 
did not Sserv© this odour. Metaphenylene-diamino is known, to yield quinono by 
oxidation; paxaphouylona-diamino iiws not (iv. 481). 

VamrTMtVMRBnraS. See Guawdwb (p. fiss). 

Wiistef, ibid, vi. 963). Bespecting ito properties, see BiMtt-bW*®'* iP* ; 
'"nactioBwiAj - 


!,wep.*688. 

A 9 3 
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^uhstitution^derivativea of LiphenyUmethane (yT. H. Doer, Chem 
rea.Ber, v. 795). IHnitro^diphmylmethane^ C“H**(NO’‘)*, » produced by dissolving the 
ydrocarbon in cold fuming nitric acid of sp. gr. 1*5. It is insoluble iii -vator and 
icohol, sparingly soluble in ether, and crysUillises from hot benzene in long, brittle, 
ridescent needles, melting at 183°. Dy oxidation with chromic acid mixture, it is 
onverted into dinitro-diphenyl ketone or dinitrobonzophenone (p. 939). 

laodinitro-diDhenylinetJtanet is formed when diphonylmothnne is heated 

m a wator-batli with nitric acid of sp. gr. 1*4. It is insoluble in water, but soluble 
n alcohol, ether, benzene, and acetic acid, and crystallises in small straw-coloured 
leedles, showing a bluo lustro and melting at 172°. By oxidation it is converted into 
.sodinitrobenzpphonone. 

Tetranitro^iphenyhnetlianet C**II"(N02)*, jj, ^^iof product formed by the action 
of a woU-cooled mixture of concentrated nitric and sulphuric acid on diphcnylmothano. 
It is insoluble in wsitor, alcohol, and ether, sparingly soluble in benzene, a little moro 
in glacial acetic acid, from which it crystallises in brilliant, palc-ycllow, hard prisms, 
melting at 172°. 

JHamido^iphmylmeihane, crystallises from alcohol in small pearly 

Bcalos, melting at 85° and having the greatest resemblance to benzidine. The liydro- 
chloride is very soluble in water and alcohol, and crystallises from dilute hydrochloric 
acid in small white plates. The sulphate is sparingly solublo in alcohol, and crysUil- 
lises from water in small brilliant plates. ^ 

Isodiamido diphonylmethano and its salts aro very unstable compouuils which could 
uot be obtained in the pure state. 

J)iphenylmethane-‘dU‘iUphonio acid is formed by dissolving tlio hydrocarbon in an 
excess of fuming sulphuric acid on a w^ator-bath. The potassium s^t, C*»H*®(SO“K)“ 
-i- H’^O, crystallises from dilute alcohol in small shining x>ri8ms. The barium salt is 
anhydrous, and ciystallises from an aqueous solution in very smalh scales. The copper 
salt, C**H‘“(SO*)*Cu, is soluble in water and crystallises from dilute alcohol in small, 
green shining plates. The free acid, sepi^nitcs from an aqueous solu- 

tion in small deliquescent plated and from alcohol in arborescent needles inciting 
at 59°. 

Bromine acts violently on diphenyl-methane, forming a viscid substance, whicli, 
after standing for months, yiohls prystallino crusts forming large tables when rocrys- 
tallieecl from ether. This body contJiins 4 atoms of bromine, but the quantity obtained 
was not sufficient to decide whether it is an addition- or a substitution-product. 


Trtplieiiyl-metlianef GH(G*H*)*, is obtained by heating 1 mol. of henzyleno 
dichlorido with 2 mols. of mcrcury-diphonyl : 

C«H».CHC1® + 2(0“fP)*ng = OH(C«H»)» + 2C«H®HgCl. 

It is a solid, melting at 92'6°, and boiling at about 336°. From an alcoholic solu- 
tion it separates in brilliant, well-formed crystals ; it is also readily solublo in ether 
and benzene, forming with the latter hydrocjirbon the compound CH(C*H*)*.C®H'‘. 
This compound forms largo transparent crystals, which molt at 76°, and at this tom- 
peraturo, or when exposed to the air, give cm the benzene and become white and opaqno. 
IViphenyl-methane is also soluble in toluene, but docs not combine with it. pn tlis- 
solving it in warm fuming sulphuric acid, it is converted into the sulphonic acitl, 
CH(C*H*.SO*H)*, the barium salt of which is precipitated by alcohol from an aqueous 
solution in fine white needles. No other salt could bo obtained cryst^lised, a wn- 
centrated solution of tho freo acid solidifies on standing to a crystalline mass (aeKiue 
a. Franchimout, J)eut. Chem. Gea. Ber. vi. 1 86). 

mairr&-MVOAMXl», CW0^NHC*B?)» (KSttni., j: pr. Chm. p] iii. 

This compound is formed, together iritb aniline mueato, by heating mneio aeia viu 
excess of aniline : 

2C»H“0* + 4CHTI - C*H“0*.(0'H’N)» + 0•H^0^NHC•H*)• + aH*0; 
aleo by heating aniline miicate in an air-bath : 


C«H*®0*(C«H»N)* - 2H»0 « C»H»0«(NHC«H^V 

It is best prepared, however, by the action of aqiline on an ether of muoie acid ; ethyl 
mueate, for example. 


Fhenyl-mncamide forms small, very thin, white laininm, .which to 
water, fdcoholi ether, benzene, carbon sulphide, glycerin, and diltrte. ®iJiMai^^ 
It is decomposed by boiling with stroi^ potash, ^enylaoune ^^^v%Molves 

mtirated sulphuric acid converts it into a blo^ mass^ 

it, forndng a yellow solution, from whioh:imtlBr throws down ayeUowW ^ 
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a nitaro-derivative. By dry distillation it yields phenyl- pyrrol, K(C^H^y'(C‘*H*). 
See PYBBOt. . - 

pSSnX-WAPBTRZiAMnra. See Nafbthtlaminb (p. 846). 
pBaxmi V WIFBZC ACXB. See Funpuitic Acid. 
PBBim-TBXBTBZBS, BTAJnnc,SD(C*H*)(C^H^)*. See Stannic Ethides. 

pSBBTli-irBBAS. See Uheas. 

rBnrT&-inUBTBAirB, Seo Casdamates (p. 2S2). 

PBBifTXi-B'nilZBnrBy NH(G*‘I1^)(C”1P). ScO XYI.ID1NES. 
pBB0It001tVCnr« C*H”0‘. This substance, treiatcd with chlorine and water .it 
ordinary temperatures, yields dichloracetic acid (Hlnsiwotz a. Habermann, Ann. Ch. 
rharm- civ. 120). 

pBOBBXtZTB. A mineral from lndi.i named Mecrachaumite^ by Boss, has been 
recognised by Maskolyne a. Blight {Chem. Nenvs, xxii. 260) us pholerite, and found to 
consist of 48’144 p.c. SiO*, 41-073 Al’O* and 17*783 water. 

PBOBOlTBf (Kiichlcr. A7m. Ch. Pharm. clxiv. 70). This body, the 

ketone of camphoric acid, obtained by distilling the calcium salt of that acid, is like- 
wise produced from acetone by the action of quicklime or of sodium, and by heating 
ciino-sugar or grape-sugar with lime (i. 733). Schwanei-t’s campkrene, obtained by 
tho action of sulphuric acid on camphor, and supposed by him to bo identical with 
phorouo, appears to have been a mixture (p. 238). 

Phoron© from camphoric acid (b. p. 206®— 215®), oxidised with chromic acid mixture, 
yields acetic acid, and an acid isomeric with adipic acid, C®II*®0*, which, after tho 
aeelic acid has be<in distilled off, may bo dissolved out of tho residue by agitation witli 
ctlicr. Tho reaction takes place according to tho equation : 

C®H“0 + O’ = + CO®. 

Phorono prepared from cano-sugiir yields tlio same products by oxidation with chromic 
acid. Till) acid, C«H‘®0‘, is likewise formed, together witli oxalic acid, by oxidising 
phorono with nitric acid. ^ , . » „ • 

The relation of- phorono to camphoric acid may be represented by the following 
furniului (compare p. 234) : 


on* 

CO®n) 


H»OX.^^CH(CO*H) 

CH* 

Oomphoiio acid. 


CH* 



C(C*H*) 

^co 

CH 


Phorono. 


raOBGBara. See Carbon Oxychi-obidb (p. 201). 

KosPKikllKIBlTB. This name is given by C. U. Shepard to ammonium phos- 
phate found in tho guano of the Guanapo islands, Peru (p. 684). 

raos»BBTBT& OTAXmiB. See Fhospuinbs. 

^BOSPKXOBB. MBTABUC. These compounds are formed in the deconi- 
position by heat of certain hypophosphites (p. 066) ; also in some cases by the ac ion 
of phosphorus on metallic solutions (p. 069). 

Iron Phoaphidea.—Tri/erroiia phosphide, Po»F*, is formed by powwnff J ^lutmn 
of ferrous Bul]|^ato into a flask in which piiosp^orettedhydr^on is parted y 
phosphorus with potash-ley. Tho precipitate of ferrous hydrate 
iurtSnee gradualk turns ^oy, and flniiUy black, by conversion into 
Tlio itxenH of phosphorus is removed by prolonged boiling -with poti^^ ^ ^ (jj, 

“boiled with strong hydrochlorio opid to remove oxides Md **'^3 "f 

^ offttfmoua pkosph^ Fe»F», is formed according tc Sidot {Compt, rena, ix»t 
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phosphines; 

1425)i by heating iron-viro in rapour of phospHoms, and repeatedly igniting the pro- 
duct in a crncible. It fonns a metallic mass having the appearance of pig-iron 
and on breaking it, the interior is often found to be studded -with beautiful c^sUls 
about half ah inch long and having the form of square prisms. It has a stoel-groy 
colour, and is iridescent on the surface; is nearly as hard as steel, and strongly 
magnetic. 

BaubrSe {ibid. 1427) observes that Boblique, some years ago, prepared a phosphide 
of iron on the large scale from the nodules of calcium phosphate which occur abun- 
dantly in the gault of the Ardennes, bv smelting them in a blnst-furnace -witli iron. 
Tho phosphide thus obtained resembled that just described in its metiilLic aspect and 
state of ciystallino aggregation, and was also strongly magnetic ; its ciystuliino form, 
however, was not detorminod. 

According to C. ITrocse {Deut. Chem. Ges, Ser, v. G04) the method employed Ly 
Sidot does not yield a definite product, but a mixture of phosphides of varinblo com- 
position. 

Tetranickelous Phosphide, is best prepared by treating a nickel- 

solution with phosphoretted hydrogen in the manner n.l>ovo described. The black pre- 
cipitate, purified ill Uicsamo manner as the ferrous compound, gave by analysis (mean) 
78*50 p.c. nickel and 20 50 phospliorns, the formula Ni‘l?- requiring 79*10 Ni and 
20*81 P. When precipitated nickel hydrate was used in tho preparation, a partially 
oxidised product was obtained, tho oxygen being apparently derived from -vrator 
retained by the hydrate. 

Tetranickelous phosphide is not magnetic. It dissolves slowly in dilute hydro- 
chloric acid, quickly in dilute nitric acid ; towards strong nitric acid it behaves like 
iron. In sulphuric acid, and in a mixture of nitric and hydrochloric acids, it dissolves 
Bometimes slowly, sometimes quickly (Schenk, Chem. Soc. J, [2], xii. 214). 

, VBOBPHIlfBa. Phosphine or Gaseous Hydrogen Phosphide, PHV-- 
The ordinary method of obtaining this gas by heating phosphorus with aqueous potash 
gives a mixture of phosphine with hydrogen, tho miiount of the former varying from 
15 to 35 p.c. Bettor results are obtained with alcoholic potash, but the gas thus pro- 
duced is still far from pure. 

Calcium phosphide, treated with water, gives off a much purer gas, containing only 
about 18 p.c. of hydrogen; and when hy(&ochlorio add is substituted for tho water, 
tho evolved gas contains about 7 p.c. of hydrogen. Tho phosphoretted hydrogen 
obtainoil from crystallised phosphorous acid contains about 6 p.c. of hydrogen. Per- 
fectly puro phosphine may, however, bo obtained by tho action of water, or, better, of 
potash, on the iodide of phosphonium. 

This substance, in pieces .alK)iit tho sizo of peas, 5s placed in a fla.sk provided with a 
delivery-tube, and with a bulb-tubo having a stopcock passing through the cork in the 
usual manner. Tho bulb is filled with potiish-sohition o'f aV>out the strength used m 
combustions, and when tho gas is required ii few drops arc allowed to enter the tube. 
In this way the evolution can bo easily stopped at any desired moment; 7’3 grams of 
phosphonium iodide yield about a litre of gas. Tho gas thus obtained is pcrfoctly 
pure if collected when free from air ; it is entirely absorbed by a solution of clilonclo 
of lime ; it is not spontaneously iuflamnuvble, although, on account of its purity, it is 
more easily ignited than the impure gas containing hydrogen, which has been depiim 
of its spontaneous inflammability. According to Bammelsberg, however 
Gca, Ber. vi. 88), it sometimes takes fire spontanooualy. When brought in contact wit 
n drop of fuming nitric acid it takes fire, as it also does in contact with chlonno 
bromine water ; by passing tho gas through nitric acid containing a trace of 
acid, it becomes spontaneously inflammable. On passing a series of 
through the gas, it splits up into its components almost as easily as ammonia oow 
(A. W. Hofmann, iftii iv. 200). ; . , v JlAiifc 

The decomposition of phosphine is also effected, though not eompletely, oy tne n 
electric discharge. Tho gas first becomes spontaneously inflammable, twn aepm 
the eoUd phoephide of hydrogen. After removing the undocompo^ pnoepm / 
absorotion, the ftirther action of the discharge r^ito up the sow" 
phoej^ine and red phosphorus. The latter, being a conduettaF* causes the suem 
charge to change into the spark, and atops the action. ' vMionS 

A mixtUTO of phosphine and ethylene yields one of the 
complicated secondary reactions going on at the same time (P. a. vw . 

rend. Ixxvi. Thii 

Pheisphine Hydtiodide^ or 

compoumd >e applied in the iabpratory a* a iSyilPi 

of h^ly concentrated h^nodio aeid«' 
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and tihe alcoboUo phosphines. The following xnetiiod of preparing it in quantity is 
given by Hofmann {Dem, Chem, Ges. Ber. vi. 291):— 

Fbosphorus (400 grams) is dissolved in its own weight of carbon sulphide in a retort 
of 1 litre capacity, and to this solution, kept cool, iodine (680 grams) is added by small 
portions. The carbon sulphide is then carefully distilled off in a water-bath, an opera- 
tion which takos 9 or 10 hours. The retort (dg. 25) is then connected with a long 
vide condonsing-tube, and a two-nocked globular receiver, from which a connecting 
tube passes to two condonsing-bottles, the first containing weak hydriodic acid, the- 
second water. Heat is then applied to the retort^ gently at first) and water (240 

I'lG. 25. 



grams) is slowly added through the drop-funnel. Phosphonium iodide and hydritriic 
acid are then produced, the latter passing off and collecting in the condensing-bottles, 
while the former sublimes and collects as a crust) cliicfly in tbe tiibo, and. in smaller 
Quantity in the globular receiver, which, to prevent stoppage, should bo connected 
with the long tube by a wide tube. To prevent the liquid in the comlensing-bottles 
from being forced back, in consequence of tho rapid absorption, n slow stwam of car- 
bonic acid gas is passed through tho apparatus during the whole operation, the first 
condensing- bottle is charged with dilute hydriodic acid instead of with water, and 
the tubes connecting these bottles are blown out into bulbs of considoniblo diameter. 
A well-conducted sublimation may bo completed in 8 or 9 hours. When it is finished, 
ono end of the long condonsing-tubo is closed with a cork, and the phe^homum 
iodide, adhering in thick crusts to its inner surface, is clotaclied by means o^ sto 
wire bent and sharpened at tho end. Tlie hydri<^ic acid obtained as a byc-product » 
moderately strong, hut contains a little phosphoric acid. 

Sthjrl nuMphliNa. Hofmann {pent. Chtm. Cf*. Bw. iv. M 5 ) haa obtararf try 
athyl phosphine by tho action of hydrogen phosphido on ethyl 
««re. When phosphonium iodide (10 grams) » introduced into a s« 0 M glw 
within -which is placed a narrower tube containing three timee the qnanbty o f e tn^ 
i<dido and a little -water, and tho sanlod tube is heated ^ 

leOMSO* for soToral hours, triethyl-phosphinc is formed, hut ra vow 9“^ 
If, however, tho tube ho charged with 1 mol. phosphonium ® 

“d heated to 180®, the contents solidify on cooling to a splenic! 
lino mass consiatine of neady equal parts of tho iodides of tnethyl- 
Phoaium. lirKKumlodi/o and tho alcohol tot form ^yl 
^^n plio4fiS?«i^ those bodice remit on one another in the manner just 

PH*I + CH^HO) - C’H'I + PH* + H?0, 

and— 

PH« + 3C*H‘I • 8HI + P(C*H*)^. 

A Bimilor reaedon takes place very easily methyl alcohol 

glycerin orealTo Singly attacked by the phosphonium iodide. This reaction 

^068 not yield primary or secondary phosphinM- - - ' » - - — 

^r^isel a. Hnkelatem iv. 882) 1 


tiWi fw.- S84 )‘Siw 

phosphide into a well-cooled 

1 7'80 p.e. phosphorus, la a whsx» ftwhle s 
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ing of hydrogen phosphide. Heated to 1 50^ in a sealed tube with 5 pts. of ethyl iodide 
and excess of ether, it yields, together with zint iodide, a compound of that body with 
the iodide of tziethyl phosphonium, having the composition ZnI*.2(C*H*)*HPI. 

When a mixture of hydrogen phosphide and vapour of methyl iodide was passed 
over platinum sponge, no combination took place ; but when iodide of ethyl or methyl 
saturated with the gas was left to itself for some time, or heated to 100° in soalwl 
tubes, combination was effected. No phosphonium iodido was, however, produced as 
the resulting crystals dissolved easily in water without evolution of gas: henco 
Drechsol a. Finkolstein conclude that the iodide of monomethyl- or mouethybphos- 
phonium was formed by the above reaction. They also state that crystals of mono* 
mothyl-phosphonium iodide, PH*(CH*)I, are obtained by heating a mixture of 1 vol. 
methyl iodide with 1 vol. of a saturated ethereal solution of zinc iodido which has boon 
saturated at — 10® with hydrogen phosphide. 

Hofmann (tAicf. iy. 372), on repeating the experiments of Drechsol a. Finkclstoin 
finds that tho reactions described by these chemists yield no primary or sceondary but 
only tertiary phosphines ; moreover that Uie primary and secondary bases are not 
formed by the action of alcohol on ethyl iodide in any proportions whatever. They 
ar^, however, easily produced by heating phosphonium iodido with etliyl iodido in 
presence of a metallic oxide, such ns zinc oxide, tho ordinary zinc-whito of commorco 
answering the purposo very well. The best proportions are 1 mol. zinc oxide to 
2 mols. ^osphonium iodide .and 2 mols. ethyl iodiilo. A mixture of 1 pb. by weight 
of zinc-wliito, 4 pts. phosphonium iodide and 4 pts. ethyl iodido is digested in swilcd 
tubes at a temperature not exceeding 150® for 6 to 8 hours, by which time the tubes 
are found to be filled with a homogeneous, almost colourless, crystalline mass. A 
tube of about 60 c.c. capacity may bo charged with 40 60 grams of the mixture. In 

filling the tube, it is best tot to introduce the phosphonium iodide, then the zinc 
oxide, and finally tho ethyl iodido ; thus arranged these bodies do not react at ordinary 
temperatures, and the tubes may be scaled with safety. 

The main product of tho reaction is ethyl- phosphonium iodide, which unites 
with tho zinc iodide to form a double salt : 

2C*H»I + 2(n*P.HI) + ZnO - 2(C*HWP.HI) + ZuP + H’O. 

Simultaneously, however, reaction takes place, but to a less extent, between 2 mols. 
«thyl iodide, 1 mol. phosphonium iodido, and 1 mol. zinc oxide : 

2Cmn + H*PHI + ZnO « (C*lP)«HP.ZnI* + H*0 + HI 


with formation of diethyl phosphine, which combines directly with the zinc itnliJe. 
A small quantity of phosphonium iodide, therefore, always remains unacted upon. 
Together witli these reactions, others take place, especially when the temperature has 
risen at all high, which giro rise to tho formation of permanent gases, perhaps ethy- 
lene or even mursh-gas. In those cases tho product is no longer pure white, but has 
more or loss of a reddish-yellow colour, in consequence of the separation of phosphorus 
iodide ; the escaping gases tlien take fire only momentarily, whereas, when hydrogen 
phosphide is present, they bum for some minutes. 

It is worthy of note that the reaction above described gives rise to the primary and 
iracondary phosphines only; and since, as far has as, been observed, tho same appears 
to hold gOM in tho methyl series, it follows that tho reaction of phosphonium ioclido on 
the iodides of the radicles is coroplementazy to its action on the alcohols, in which 
case, as above stated, the tertiary and quaternary bodies only are formed. 

The BOj[Hiration and purification of the two phosphines present in the product of th^ 
reaction is easily accomplished, and is based on the fact that ^e salts of the priiuaiy 
ph(»phines are perfectly decomposed by water, in the same manner as phospnoniam 
iodide, with liberation of the phosphine and solution of the acid ; whereas, the salts ot 
the seeondai^ phosphines withstand the action of even a large excess of boiling wM 
but arereacniy decomposed by alkalis. Tho operation is as follows:— The 
from several tubes being ploc^ in a suitable apparatus from which the air is expelieu 
by a current of hydrogen, is acted on by a slow stream of water, which has been pro- 
viously boiled and again cooled; themonefhyi-phosphine is thus set free and condensea 
in a BpimI surrounded by ice, As some quantity of the extremely volatile 

is liable to be carried away by the hydrogen, the gas is caused to pass, . before lUsntry 
into the atmosphoio, through a column of concentrated hydriodic acid. 

''“ttcation, this liquid becomes gradually filled wi^ magnificent, dazzling wWtocrysn^ 
pure ethyl-phosphoninm io$de. 'Viaien, by the farther additiem of water, no 
“"^SVjpaospMue is evolved/evon on warming, strong caustic 

lation being still eatried on in a enrtent of hydrogen. Tbe^ 
over readOy on toting, and may be oondensed in the < 
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The liquid thus obtained, after drying over potassium hydrate, is the chomicelly pure 
diethyl-phosphine. 

(C*H» 

Monethyl Phoephinet P|H , is a mobile, colourless, transparent liquid, boil- 
ing at 26® ; lighter than and insoluble in water ; refracting light strongly, and en- 
tirely without action on vegetable colouring ipattcrs. It has a most overpowering 
odour, resembling that of the formonitrils ; and, similarly, its vapour produces on the 
tongne an intensely bitter taste which extends far down the throat. Its fumes bleach 
cork, like chlorine ; caoutchouc is affected by it in a remarkable manner, becoming 
transpirent and losing its elasticity. In contact with chlorine, bromine, or fuming 
nitric acid, it takes fire. Sulphur and carbon bisulphide combine directly with it, but 
the resulting bodies are liquid, and not crystalline, like the corresponding triethyl - 
phosphine ddrivntives. Concentrated hydrochloric, hydrobromic, anti hydriodic acid 
iiiiitowith it to form salts; the solution of the hydrochloride yields with platinum 
tetrachloride a double salt, crystdlising in magnificent carminc-red needlcf^ much ror 
Bfimbling freshly prepared chromic auhyflridc. The hydriodide, C*H*H'''P.HI, forms 
white quadrilateral plates, whicli may bo sublimed unchanged in .a current of 
hydrogen at the temperature of boiling water ; the crystals are permanent in dry air. 
It dissolves in water with complete dccompasltion ; also in alcohol, but with partial 
decomposition ; in ether it is insoluble ; concentrated hydriodic acid is the only sol- 
vent which dissolves it, though sparingly, uncliaiigcd, the addition of ether causing 
the separation of the salt in large, well-formed plates, often a centimeter in diameter, 
but of extreme thinness. 


Diethyl Phosphine, P 


C^II*, is a colourless, transparent, perfectly neutralliquid, 
H 


refracting light strongly, lighter than water, and insoluble therein. It boils constantly 
nt 86®, or 60° higher than the primary base. It has a penetrating, persistent odour, 
different from that of monothyl phosphine, more resembling, although essentially dif- 
ferent from, that of tricthyl pliosphine. It absorbs oxygon with great avidity, com- 
bination taking place with great energy, often causing it -to take fire on opening the 
containing vessel. Diethjl jphosphino combines both with sulphur and with 
carbon liisulphido to form liquids, a behaviour which affords n ready moans of testing 
its freedom from admixture of triethyl phosphine. It dissolves easily in all acids, but 
none of its salts crystallise rejidily, except the hydriodido. The platinochloride, which 
is easily alterable, crystallises in fine, large, orange-yellow prisms. The salts of di- 
ethyl phosphine are not decomposed by water. 


Triethyl’^hosphine oxide, P(CPH*)*0.— Csrius (Ann. Ch, Pharm. cxxxvii. 117) 
prepares this compound by acting upon etliyl iodide with phosphorus in sealed tubes 
at 160®, and heating the product to the same tcinporature with alcohol. Crafts a. 
Silva (Chem. jSoc. J. [2], ix. 629) modify this process as follows : 1 pt. of phosphorus 
is heated to 176® fbr 24 hours with 13 nts. ethyl iodide in sealed tubes laid horizon- 
tally; tho ciystals, coloured by iodine, wnicli sepirate on ©loling, are melted by gentle 
heating and transferred to a retort; the residual phosphorus cake (consisting chiefly of 
amorphous phosphorus) is pulverised, and likewise tninsforred to the retort ; and tho 
vholo is boiled with alcohol of 97 p-c. as long as any ethyl iodide distils over. The 
concentrated solution then deposits white crystals, appiirently consisting of compounds 
of triotliyl-phosphine oxide and the hydrate, P(C®H*)^OII, with iodine and tho acids of 
phosphorus. Oncdistilling these crystals with 4 pts. of potassium hydrate, tnothyl- 
phosphino oxide is obtained, towards the end of the operation, nearly in the pure 

represented the cou^ of tho reaction by which this product is obtained, by 
the following equation : 


2P + 4C*H*1 

+ C«H*0 

+ 3C*IPOH 


P(C*H»)*I + PP 
P(C*H»)»0 + C»H»I + 
P(OH)* + 30*H»I 


o*n« 


A», howwM, the pwdtMjt <*f the first stage of the reaction is 

vheieae PP ui PfO'ff VI ore soluble, and moreover not me^y the boir. 
‘"“‘fifths of the phosphoruoie oonverted intotriethyl-phoepliine oxide, C^s ^ Biiw 
thi. view eoKoue, and anppose that the ^actfon represent^ 

•'.lution goes ftirther, yiddiag, aa fi^ products, tho iodides of tnefliyl phosphine 
phoq[>hoiiiuiny with ftee iodine ; thus : 

' n* + 80*0*1 - P(C*H*)*P + 8P 

PI* + 8P((PBm*I + P - 4P(^H*rl _ 


aud 



m 


phosphines; 


In the fiabsequent decompoBition by alcohol and by potash, the grater part of die 
tricUiyl-phosphine oxide is produced from the corresponding iodide, inasmuch as the 
quantity of gas evolved in this reaction is comparatively small : 

PCOTI*)*!* + 2KOH = P(C*H*)*0 + 2KI + H’«0 

P(C*H»)*I* + 2C»H»OH « P(C*H»)*0 + 2CJH“I + H*0 

P(C?H»)*I + KOH - P(C»H'»)*0 + KI + OW 

Triethyl-pliosphino oxide boils at 242^-243° (uncorr.), and crystallises at 61 '9°. It 
is very hygroscopic ; traces of water lower its boiling and solidifying points very coii- 
aidorably. It is but slightly volatile with vapour of water. The oxygen in it is very 
itttinifitely combined, not being either removable or replaceable by mlphur (acting as 
H*S). It likewise ofTors great resistance to the action of chlorine, no perceptible re- 
action or formation of hydrochloric acid taking place below 180*^-200°, and the product 
then formed being decomposed by distillation. ^ Heated to 190^ for 4 hours with 
bromine and a little water, it yields a product which may bo distilled, without docom- 
position, in a vacuum. Hydrochloric acid gac acts upon the oxide with the aid of heat, 
forming (amongst other compounds containing hydrochloric acid) a substance having 
nearly the composition P(C‘*1P)*0.HC1. This compound forms silky needles like 
sulphuric anhydride, and solidifies nfl.er fusion at 127*6°. By heating the oxide in 
tubes with hydrobromic acid, a product Wiis obtained which, under a pressure of 
2 inches of mercury, boiled almost consbintly at 205^^-210°. It contained only 32*17 p.c. 
bromine, wherefis the formula P(C®H*)*O.HBr requires 37*21 p.c. After repeated 
distillation it contained still less bromine. Neither was any product of definite com- 
position obtained by saturation of the anhydrous oxide with hydrobromic acid at 150° 
(Friodel a. Crafts). 

Metbarl Vhospbinef (Hofmann, Bent, Chem. Ges. Ber. iv. 606). These com- 
pounds are formed in the same way as the corresponding cthyl-compounds, by heating 
in closed tubes 2 mole, phosphonium iodide, 2 mols. methyl iodide, and 1 mol. ainc oxide. 
A solid crystalline mass is thereby obtained, from which the phosphines are isolated 
by a method similar to that used for the prepa«ition of the cthyl-ctunpounds. The 
methyl phosphine, which escapes as a gas on adding water to tlio product of the re- 
action, is condensed in a flask surrounded by a mixture of ice and calcium chlorido. 
The residue in the flask, which towards the end of tho operation has t-o be heated iu 
order to drive out all tho monophoapliinc, solidifies, on cooling, to a mass of large, 
beautiful, perfectly white needles, a compound of dimothyl-phosphonium iodide with 
zinc iodide, from which tho base is liberated by adding a solution of caustic soda; it 
is condensed in a vessel surrounded by ice-water. 

Methyl Phoephine, PH*(CHs), is acolo\irles,s transparent gas, having even a more 
overpowering smell than ethyl phosphine. By cold or pressure it may be condensed 
into a liquid ligliter than water, which boils at — 14°. It is insoluble in water, 
sparingly soluble in ether, more freely in alcohol. In contact with air it fumes, being 
gradually oxidised, but takes fire when gently heated or when brought in contact witii 
chlorine, bromine, or nitric acid. With acids it forms well-defined aalts, which are 
all decomposed by water, «nd have tho remarkable property of bleaching vogetahle 
colours like chlori no. On holding in tho gas a strip of litmus-paper partially moisteneu 
with water and partly with an acid, only tho latter portion is bleached, showing tnai 
the free base itself has not this property. 

The hydrochloride, P(CH*)H".C1H, is obtained by mixing equal volumes of jiyaW* 
chloric acid gas and methyl phosphine ; boUi gases disappear completely, the salt con- 
densiug in well-defined four-sided p1.atcs. It is so volatile that it volatilises vn 
other-vapour. Its solution in concentrated hydrochloric acid gives, with pla^**® 
chloride, a double salt forming orange-rod crystals. ^ The hydriedide, PHnCH 
obtained iu thick crystals, by passing the gas into 


the gas into concentrated 


sulphuric acid, it is absorl^d without 
iddition of water. Tho erdphiie is an amorphoM 


le liqultl, and set free again on addition - ■ 

white inasB, obtained by mimng sulphurous acid and methyl phosphine oyer mere 
j» Carbonic acid and hydros sulphide do not act upon it, but it combines with suipn i 
carbon bimlphide, and enlozocarbonic ether. , 

mnttthfl Pkotpkine, PH(0H»)*, w » colonrieis liquid, Hgjiter thMi 
insoluble therein. It boils at 26°, or at the same temperature as its I 80 inej*a 6 b^/ 
phosphine, PBPC*H*. It takes fire at once in contact with air, burning ^ 
phosphorus flame. Its salts are all .very soluble j the hydrochloride forms tnth p»w 
drionde a well-cryktallised double salt It also comlnnee with sulphup^^^ fl^^ 

. .^sulphide. , 

(Hofmann, Ikut, (Aemj, vi. 2921. These piWfl® 

f iaididos with ‘ 
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ojade to lOQ*^ for 5 or 6^ hours. The primary and secondary bases are easily sepa- 
rated from one another, like the corresponding methyl- and cthyl-compounds, by treat- 
ing tlio hydriodides with water, which decomposes the primary compounds, whereas the 
secondary hydriodides are dccoinj)oscd only by alkalis. 

Isopropyl Phosphinet PH*(OTP), is a light, limpid, very refractive liquid, boiling 
nt 41® and'having a very penetrating odour. It unites with sulphur and with carbon 
bisitlpiiido, forming uiicrystallisable compounds. It readily absorbs oxygen and takes 
lire on a hot summer day. 

Piieoprcpyl Phosphine ^ Pn(C*Il’)*, boils at 118 ®. It absorbs oxygen more 
quickly than the primary base, a drop phicud on filtep-j)apor taking fire and blacken- 
ing the paper slightly without inflaming it. 

Triisopropyl Phosphine^ P(C®H’)*, the hydriodido of which is obtained by 
heating diisopropyl-phos^no with isopropyl iodide to 1*20®, is a liquid forming a red 
cpystallisable comi»und with carbon bisulphide. Tho hydriodide, P(C*IP)*.HI, forms 
largo crystals readily soluble in water and in alcohol, but insoluble in ether. 

Tetrisopropyl-phosphoninni iodide^ P(C*H’)*I, formed by combining tho 
tertiary base with isopropyl iodide, crystjillises from water in cubes or octohedrous. 

Methyl-isopropyl PAo/jp PH(CH®)(C''IP), is obtained as a hydrioflido by 
heating tho primary propyl baso with methyl iodide to 100®. Tlie free base boils at 
78 ®- 80 ®. 


^ Ufiau uuiiLuiuua i . _ . _ 

a beautitui crystamno mass oi triisuhutyl-phosphine iodide, P(CIl“yi“. .**- 

isobutyl-pliospliino boils at 210° ; it unites with isobutyl ioQLdo, but the tetrisobutyl- 
pliosphonium iodide has not been obtiined in the pure stito. 

As the tertiary phosphorus-bases and phosphonium- compounds are also produced by 
heating tlio alcohols witli phosphonium iodide, an attempt was made to prepare the 
corresponding isobutyl-conipouuds by heating isobulyl alcohol witli phosphonium 
iodide; but no phosphines wore formed, tho alcohol boing decomposed with formation 
of hydrocarbons. ^ , 

Jaopropyl-isobutyl Phosphine, PU’‘(C»H’)CC*H*). is formed, as hydriodido by heating 
isopropyl phospliino and isobutyl iodido’lo 130°; it boils at 139 -HO . Heated with 

ethyl iodide to 100® it yields ethyl-isopropyl-isobutyl phosphine, axery oxidimhlQluiMmt 

boiling at about 190®. . . , 

mM-iriisMsl-pho^pionium iodide, P(CH*XC*H«)*I. Methyl loide art. ra 
triisobutyl phospliino with explosive violence. Tho cqrstolhne ji^urt w punfletl by 
dissolving it in vniter, adding an alkali, distilling oft tho volatile phosphinra, *cn 
treating Uio solution with carbonic acid, evaporating to drynoss, and 
alcoholT The crystalline residue is readily soluble in water, from which it sc^ rotosta 
fine crystals. A very similar body is vuthyl-clhyl-uofrnyyMiityl^^ 
which IS obtained by combining motliyl iodido with cthyl-isopropyl-isobutyl phosphine, 
iBoamyl nsospbima, PH=(C*H'' ). Tho phosphines of isoamyl (ordinary amyl) 
are hut sWly formed at 100®, but readily at 140® -160®. 

106®-lO7® and absorbs oxygen witli evolution of heat. Dnsoiimyl pliospnino, 
boils at 210°-215°. A drop placed on litmus paper is oxuliscd,' with for- 
m^on ef^de^e white ph^phorescent fumes, without teking fire, 

boils at about 300®, but has not been obtained pu™. In one ex^ 
Mdo was f^ed, on of -^~>kali, 

separated as a visrad liquid, but became aystollino on sUmding forsome “onti . 

preparation of trnsoamyl phospliino- It ^i1b ’ . melts 

phosphine lias distilled ovor, in the neck of ^ as a crystalline powder 

at 60®-65°. Water precipitates it from an alcoholic solution as a crysuni v 

^“^n”4ui«hol «d phosphonium iodide am heated 

iodide and hf^ phosphfde, whilst at 170®-180® gaseous hydrocarbons ^.fom«^ 

, ■««»I »ho.plU.-. (Hofmann. (6iA v XOO). distil- 

ty heating crude bentgrl chlori^ with ??•-- # mixture of bonsyl phos- 
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more. The hydjrviAi^ is crystalline and is decomposed by water. The hydrohrmniit 
and hydrocfdoride do not crystallise ; the latter forms ayellow precipitate a ith platinic 
chloride. 

Dibensyl Phoaphine^ PH(C’H^)*, is formed, together with the primary base, and re- 
mains behind on distillation. It crystallises from alcohol in large, scentless, and 
tasteless needles, grouped in stars or fascicles; they molt at 205° and volatilise, with 
partial decomposition, at a higher temperature. It is insoluble in all acids, permanent 
in the air, oven at rather high temperatures. 

The aromatic phosphines, analogous to aniline and toluidinc, have not yet been ob- 
tained. 

Formation of Phosphines by the aid of Beduetion-Processes. 

The of^lygetiic radides cannot bo obtained by the same reaction ns that 

by which the phosphines of monatomic radicles aro prepared, on account of tlio reduc- 
ing action of hydriodic acid. Zinc oxido and phosphonium iodide act on ethylene di- 
bromide at 160°, yielding however nothing but ethyl phosphino. Chloroform is noted 
on at 100°, but tho product is only methyl phosphine. Bcnzylene chloride, C*H‘.CnCl*, 
and the chloride, C®H*.CC1®, yield only the phosphines of benzyl, which therefore can 
bo readily obtained pure by employing tho crude product of tho action of chlorine on 
boiling toluene. For the anma reasons cnido isopropyl iodide containing allyl iodide 
yield pure isopropyl phosphino (Hofmann, ibid. v. 301). 

PBOSVBXXrZe ACZBS (Hofmann, ibid. v. lOi ; vi. 303). These acids are 
formed from tho primary and secondary phosphines by fixation of 3 and 2 Jitoms of 
oxygen respectively, and may bo regarded as orthophosphoric acid, PO(OII)=>, in which 
one or more of the groups OH is replaced l)y an alcohol -radicle. They aro prepjircd 
by treating tho corresponding phosphines with nitric acid. I'ho complete oxidation of 
the phosphorus to phosphoric acid tikes place only W'hcii tho phosphines aro heated 
with the strongest nitric acid, and at very liigh temperatures. 

MethyUphosphinic acid^ P1P(CII*)0*, or PO(HO)®(Cn*), is formed by passing 
gaseous methyl phosphine, evolved on treating with water th(i crude product of tho 
action of methyl iodide on phosphonium iodide and zinc oxide, into fuming nitric acid. 
To purify it from a small quantity of phosphoric acid formed at tho same time, from 
phosphoretted hydrogen present in tho gas, tho nitric ucid solution evaporated on a 
water-bath, and the residue is dissolved in water and treated w ith load oxide, which 
gives a salt insoluble in water but soluble in acetic acid. The noetic solution 
filtered from tho insoluble phosphate, and freed from lead by hydrogen sulphide, loaves 
on evaporation an oily liquid which solidifies on cooling to a white mass resembling 
spermaceti. This substance is mothyl-phosphinic acid ; it is easily soluble in water, 
xradons litmus paper, and has an agreeable acid taste. It also dissolves in alcohol, 
and to a smaller extent in ether. It is remarkably stable, not being acted upon by 
fuming nitric acid, or oven by evaporation with aqua regia. It melts at 106°, and 
volatilises in great part without decomposition. It is isomeric with methyl-phospho- 
rous acid, but differs greatly in its properties from that compound, which is uncrystsl- 
lisable, and is resolved at a gentle beat into phosphorous acid and methyl alcohol. 

Methyl-phosphinic acid forins two classes of salts, PHR(CH*)0* ana PB=(CH*)0*, 
the former having an acid, the latter an alkaline reaction. Tho alkali salts aresolubU 
and only slightly crystalline ; tho ammonia salt loses ammonia on eva^ration, and 
leaves tbe acid. Many of the heavy metillic B.alts aro insoluble or dissolve withdiffi- 

The primary or monargentio s(dU PHA^CH*)0’, crystallises in white needles, and 
is easily resolved by water, or oven by alcwol, into the free acid and tho secondary or 
diargeniic salt^ PA^CH*)0*, which is a white insoluble powder. Tho primary iwa 
sedt is also decomposed by water; the secondary lead salt, P(Cn*}PbO*, is easily 
obtained pure as a white precipitate, almost insoluble in water, but Ailuble in acetic 
odd. The primary barimi P*(CH*)®H*BaO*, is obtained in white microscopic 
needles by ^ding alcohol to its concentrated aqueous solution, or as a gummy mass. 

Dimethyl-phosphinio acid, PH(pH»)*0* « PO(OH)(OH»)», is obtained by 
mixing a solution of dimethyl phosphine in hydrochloric acid with xuming^ nitric acid, 
and, after the reaction is over, evaporating the liquid, saturating with silver oxide, 
and treating the Elution of the silver salt with hydrogen sulphide. On evaporating 
the resulting add solution, dimethyl-phosphinic acid is obtain^ ns a white cxystuunc 
mass, bocoming slightly brown in contact with tho air. It is very sqlnblo in 
alcohol, and ether, the solutions having an add reaction. The cryst^s mdt awO i 
volatilise without decomposition at a higher temperature, and the i^til^d 
exhibits an unchanged 'melting point. 

JDtimethyl-phpspmii^ add fonaa only one aedes of Balts» haying 
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p(CH*)*BO*. Tho sUver Balt, P(CH*)*AgO*, forms -whito noodles extraordinarily 
soluble in water, but very slightly soluble in absolute alcohol and ether. The bi^um 
und load salts are neutral, very soluble, uncrystallisablo compounds. 

MethyUphosphinie cUoride, P(CH*)0C1*, is obtained by the action of phosphorus 
peiibichloride on mcthyl-phosphinic acid. It is a crystalline solid, melting at 32® and 
boiling at 163®. Water, alcohol, ammonia, and atiilino, act violontly on it as on other 
acid chlorides, 

Dimthyl-phoaphinic chtoride, P(CH*)*OCl, molts at 66® and boils at 204®. Water 
and alcohol decompose it, but with less violence than tho precoding compound. 

Ethy l-p hosphinic acid, P(C®H*)II*0*, is prepared like tho correspond] ng metliyl- 
coiupoiintl, which it resembles in appearance and many of its properties. It raoUa at 
44®. Its silver salt is an amorphous yellowish powder, insoluble in water and in alcohol. 

J)iethyl^phosphinio acid has nob boon obtained in tho c^stalline stuto, but only as a 
liquid which does not solidify at —26®. Tho silver salt, P(C"IP)'*AgO*, is crystalline. 

Isopropyl-phosphinic acid, P(G*H*)HO*, prepared like tho corresponding ethyl- 
and methyl-compounds, is a whito mass resembling par.iffin, and molting between GO® 
and 70® ; it dissolves in water, and more freely in alcohol. 

Isohittyl-pkosphinic acid is a voiy similar body, melting at 100®. 

Amyl-phosphinie acid, P(C-H")H*0*, is prepared by adding amyl phosphino to 
a mixture of equal volumes of fuming nitric acid anrl nitric acid of sp. gr. 12 ; tho 
fuming acid alone acts too violently and seta fire to tho base. Tho acid crysbillises 
from hot water in small pearly rhombic plates melting at 160®. The silver salts of 
this acid and of tho two acids last described are white amorphous precipitates. 

Tho secondary phosphines of isopropyl, isohutyl, and amyl, yield, hy oxidation with 
nitric acid, tho corresponding pliosphinic acids, which, however, have not. yet been 
obtained in a state fit for analysis ; neither have any of tlicir salts been prepared in 
tho pure state. The free acids are oily liquids insoluble in w'ater. 

PBOSPBOCHSOinXTlI. This name is given by B, Hermann {J, pr. Cltem, [2], 
i. 449) to a mineral from Horesowsk in Siberia, hitherto regarded as vauqiiolinite, to 
which ho assigns tho formula 3(2Cu0.P*0*) + 6(3PbO.CrO*) + 3H®0. Implanted 
in listwaonite, and accompanied by lead chromate and p^Yromoiq)hite, it forms a nodular 
figgrogato exhibiting small crystals on its surfaco (thin lamiii® with rounded end- 
faces), Blackish-groon ; yields a siskin-green powder. HardneBS = 3; sp, gr. »5‘80. 
Analysis garo : 

PbO CaO FeO CrO* P*0* H^O 

68-33 7-36 2-80 10-13 0 94 1-16 « 99-72. 


PBOBPHOP&ATnrVM COMPOTOBB. See Piatinpsi (p. 987). 
PBOBPBOlUTB. See Phosphates (pp. 969, 974). 

PBOBPBOBtTB. QtMntivalencc. — Wicholhaus (Ann, Ch. Pharm., Suppl. vi. 
257); Jahresb,/, Chem. 1868, 148) regards phosphorus us a trivalont element, found- 
ing his opinion mainly on the action of chlorine on ethyl-phosphorous chloride and ujat 
of pliosphorus bromoehlorido on honzoic acid. Geuther a. Michnclis, however (JenauoM 
^kiUchnft, vi. 242 ; Jahresb. 1870, 276), have shown that theso reactions niny be 
bettor explained on the generally received view that the maximum quantivaleuce 
of phosphorus is 6. . . , 

Allotropiemodifieatumt: Black FSo»i)*ow..—Tlii8 modification, oripnally otoin^ 
by Blondlot, by the sudden cooling of melted phosphorus (iv. 603), may also bo pro- 
duced by distilling ordinary phosphorus with n trace morcniy, or by '”8 ? 

100» for aeveral hours with meieuxy under water. Olio product 
ef these two methods is not homogeneous, but ovoa lU colour to a 

black specks more or.less irregularly distributed ; on fusion, these epecta d sappear 

and the phosphorus turns white, resuming ita blackrolOTr, *5" 

treating the phosphorus with carbon sulphide, this bla<* .itlicr 

m extwmely smaU quaaaty. The quantity of it docs not appear to Ito incraa^l MUret 

by prolongi^l oontart of th^ phoaphorua wiA tho 

latter pnient. By repeated dislfllation, whereupon fee black eubetanco passes ore 
fint, a product may bo obtained free from mercury [Co^. n^- 1“- *•» . • 

of Ordinary iitto Bed Pho^^ru* in more the aun’e 

tarbon snlphi^ behaves like aulphur when ein»s<d to 
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rays may still be detected by their efibct on phoi^horescent bodies ; but beyond N all 
the chemical rays have disappeared (A. Lalleroand, Oampt. rend. Ixx. 182). * 

Beciproeal Tniwformation of Ordinary and Bed Phoepkorua, — The conditions of thosa 
transformations have been investigated by G. Lemoine (Conipt. rend. Ixxiii. 797 1^37 
and 990 ; Chim. Soc. J. [2], ix. 1167). The experiments vrere made at the boiliu£y*i>oinf 
of sulphur (440°) in Deville's apparatus ^v. 373). The dasks (of 60 to 800 c.e. ciipju*itY) 
wore exhausted of air after the introduction of the phosphorus, tlion closed and heatwl 
ill every part to 440° ; then, after a certain time, they wero very quickly cooled wtli 
warm water, to avoid the occurrence of intermediate temperatures ; the two modifications 
of phosphorus were separated by carbon sulphide and their quantities determined. 
From a largo number of experiments Lemoine concludes that the conversion of ordi- 
nary into rod and of red into ordinary phosphorus is essentially dependent on vapour 
tension. Tlie conversion is never complete, but its rapidity depends iii a great measure 
on the quantity of phosphorus originally present, and diminishes the more neiirly a 
certain limit of transformation is approached. In fact, whichever of the tu'O allotropic 
modifications is operated ou, tlio transformation always tends towards the same liniit, 
viz., the production of about 3-6 grams of ordinary phosphorus per litre of sjiaco. 

According to Troost a. Hautpfeuille (Compt. rend. Ixxvi. 78, 219 ; Chem. Sue. J. [2], 
xi. 699), the transformation of ordinary into red phosphorus, like Llint of cyanic arid 
into cyamolido (Isi Sttppl. 618), obeys different laws accoi*diiigly us the phoaplionia 
is in the liquid or the vaporous state. The liquid clement, at 280° for iustunco, is 
analogous to liquid cyanic acid, being wholly transformed into rod phosphorus. The 
vapour given off at 260° is stable ; but that formed at higher temperatures is slowly 
and partially converted into rod phosphorus, the production of which ceases when the 
tonsioii has attained a given minimum ; the rapidity with which, this change is effected 
is greater the higher the temperature. 

Luminosity of Phosphonu. — W. Muller (Pqy^. A?in. cxli. 96) finds, in accordance 
with earlier observations (iv. 603), that phospiiorus is not oxidised, and does not shine 
in pure oxygen under ordinary atmospheric pressure, but that on rarofying the oxygen, 

■ either by means of the air-pump, or by admixture of foreign gases, the pliosphoriis 
shines at ordinary temperatures, and at a lower temperature tho greater the dilution of 
the ^as. Oxidation begins at 10°-1 1°, when tho oxygen is expanded by about j of its 
original volume, or at 17'6° when 1 vol. nitrogen is added to every 1’6 vol. oxygen, or 
at 16° when an equal volume of hydrogen is added. The volatilisation of tho plios- 
phorus is not interrupted by tho presence of substances which destroy tho luminosity. 
Fhosphorus is slightly soluble in >vater, and when bubbles of liydrogon containing air 
are passed through such phosphorottod water (filtered), tlioy shine with a bright light. 


Reaction with AmtTionia. — ^According to Blondlot (C7om|7^. rend. Ivii, 1250), i 
left for a long time in contact with excess of aqueous ammonia in closed vessels is 
converted into a black friable substance which, ou expasure to the air, turns yellow 
and gives off a small quantity of ammonia. According to Commaillo, on the other 
hand (Compt, rend. Ixviii! 263 ; Moniteur Soientifique [3], i. 701), tho product thus 
obtained is not black but green, and always has tho composition P”1I. 'When boiled 
with water, it does not give off any gas, but only a whitish fume, and tho water which 
distils over is alkaline, while that which remains behind has a fliint acid reaction. On 
boiling the oomponnd with sulphuric acid, tho phosphorus dissolves, with separatioit 
of sulphur and formation of phosphorus trisulphide. Ordinary nitric acid acts strongly 
on the compound at ordinary temperatures, whereby it is distinguished from ordinary 
phosphorus and nitrogen phqsphido. It differs also from tho compound P^H in not 
being set on fire by nitric acid. ' From a solution of cupric sulphate it throws do^ 
phosphide of copper, but not the metul, as is. tho case with phosphorus and PH. 
When triturated with potassium chlorate, it explodes violently. It is decomposed by 
TOtash, espednlly when heated, a character which distinguishes it from the compound 
described by Fliickiger (iv. 605). 

Phosphorus is not acted on bv gaseous ammonia, and very little by a solution m 
ammonium carbonate ; but alcoholic ammonia left for 2\ months in contact 
phosphorus produced non-spontaneously infiammablQ phosphorettod hydrogen gas, toe 
green powder above described, and small crystals, probably consisting of ammonium 
phospmte op bypophosphito. The alcohol evaporated on the Avnter-bath left a eyropj 
mass which deposited crystals of unknown composition (CSomnudllo). 

Action ofPiomhoruson Metallio When an mnmoniacal solution of copper 

oxide, nickel oxide, silver oxido^ or cadmium oxide is heated with phpsphom n'Ca a 


little benxene in a vessel connected with a reversed condenser, dark 

formed, which may be vudied with water, alc(^ol and carbon sulphi^w, 

taenum, Tho copper predpitate consists chiefly of metalUc copper and epin^ 
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I^iclcel gives a Uock preeipitate consisting of a mixture' of nickel phosphide and a salt 
of one of the ticicls of phosphorus. From the silver solution metallic silver is reduced 
(Opponhoim, DciU. Clwnn^ &e8, v. 979). 

Heactimi wUh Turpentine OU . — ^When J os. of phosphorus is graduallj added to 
'I pounds of ordinary curpentiue-oil (containing oxygen) heated to 40°, the llask being 
runioved from the sand-bath as soon as the phosphorus molts, and agitiitcd, the liqiiid 
on cooling dci)osits the excess of phosphorus, which quickly turns rod, and a white 
m’stallino, spermaceti -like mass consisting of turpouti no-phosphorous acid, 
said to havo the composition This compound has an acid reaction, and is 

converted, on oxpOBiu*o to the air, into a resinous substance, smelling like pine-rosin, 
jiiwhicli phosphoric acid can bo directly dotoctod. It molts at 50°, with decomposition, 
to ii yellow resinous mass, and decomposes in a stream of hydrogen at 40°, with evolu- 
tion of spontaneously inllaminable phoapliorettod hydrogen. With earths and mcbillic 
oxides it forms insoluble salts. The .'U*id is not poisonous; doses of 0 00 to 0'3 gram 
may bo givon to dogs and rabbits without any other effect than a lowering of the 
bodily temperature. Its formation appeara to be tho cause of the action of turpentine- 
oil ns an antidote to poisoning by phosphorus (Kohler a. Schirapf, pal. J, exeix. 
510). 

HtLlo'id Compounds of Phosphorus^ 

Chloride!. 1. Trichloride or Phosphorous Chloride, PCI*. — Itcactio?is . — 
AVith I3rom i no. According to Michaolis C7w?». fzM.Zfcr. v. 9), phosphorous 

oldorido unites directly witli bromine, forming the compound PCPIlr* ; acconling to 
Prinvault {Compt, rend, Ixxiv. 868), tho product has tho composition POPBr* (see 
CiiLonoimoMiiMfiS, p. 961 ). 

2. With Wat or. —Tho decomposition of phosphorous chlorideby water is sometimes 
attended with separation of pho.sphorus. From experiment's by Kraut (Ann, Ch. 
P/wrwi. clviii. 333) it appears that when the chloride is added by drops to ice-cold 
WJiter.with continual stirring, only a trace of phosphorus is obtained ; bub it the 
chloride is dropped into boiling water, each addition is attciidc^l by a luminous ap- 
pearance and cousidorablo sepaivation of amorphous phosphorus. The luminous appear- 
Jmee cun be avoided by using moderately warm wator, when also phosphonis is 
obtained. When trichloride of phosphorus is distilled with a little water, or, what is 
the same thing, with phosphorous acid, phosphorus separates in reddish-yellow drops, 
and tho residue contains orthophosplioric acid. Tho rcfiction would seem to bo as 

follows.— ^ 4l>n*0'» = 3PH*0^ + 2P + 3IIC1. 

Tribromido of phosphorus behaves with pliosphoi-ous acid similar vray to the 
trichloride, but the decomposition takes place at a Bo«*ewhat higher temperatuM. 
Geuthor (JenaiscU Zeitschr, vii. 122) finds that, witli water at 80 , only 
clopositioxi of phosphorus takes place ; with water which had been bmling 
before tho experiment, ho noticed an appearance near tlio 

which contained tho water, much rosembliug phosphorescence, but n p p , , 
separated. By varying the couditious of tho oxperimont. he has been 1^ 
that it is only in presence of an excess of air, that ^ gg tliat 

exhibited by the phosphorous chloride wlion dropped into water. , 
part of the^ phosphorus chloride is rendered gaseous ; this is 
bydrechloric Mid and phosphorous acid, which, by the excess 
oxidised to phosphoric acid : a small Mrt of the 
duced to pliosphorettcd Jiyclrogen, aiidthis again deconipos^, giving 
phosphorus, and hence the small quantity of separated j 

Distilled with a solution of phosphoric acid, phosphorous clilondo gives hydrochloric 
iicid, free phosphorus, and phosphorus oxychloride. 

,3. -With Anhydrides nnd Chlorides (Mi^elis, iSM. vi. 230 ; 'ni. IW). 
pliorous chloride does not exhibit veiy great S ‘It S 

t'ltos.but the affinity inereaeee voiy rapidly with the temperature, so that ^ wgn 

tenpeiatures phosphoroos chloride is * Lnj on which it 

'tWongstheUritothocInssofredueWawnt. Vfhen W“?^“^Sity 

contains any eloinout 'which has a powerful affinitjr for chl^it, a y 

of pho^horio acid is produced, with but little VmSjiorus' oxrdiioride. 

»etalliB oxides form chlorides and pho«phates, with but 1'“^® fj® f Uadoside. Anfi- 
only ojrido direcUy reduced to uietd bv phoephorone ““ 

liberates the phoephorus and is itself ^verted , , <«dinatT tempeia- 

liTud anfyJHdo mixei with phosphorous dialed 

without eTblutio& of heat, and tl» t^ bodies ®®y^® ^ together in 

ttlie to U0», wil^ p^iuang nay soffliBble loactioB ; tat when paseen logeuw* 
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the state of Tapour through a red-hot tube, they Vield oxychloride and sulphochlorifin 
of phosphorus, thus ; 

SO* + 3P01* - 2POOI* .+ PSCl*. 

With mlphuric ^anhydridjR^ phosphorous chloride' rencts energetically, oven -when 
botli substances are cooled, the products being sulphurous anhydride and phosnliomB 
oxychloride: ^ “ 

SO* + PCI* = SO* + POCl*. 

With sulphuric eUwhydrait (sulphuiyl-hydroxyl chloride) reaction takes place 
in the cold, yielding disulphuric (pyrosulphuric) chloride : ^ 

8SO*(OH)Cl + 2PCI* == 3S*0*C1* + P*0» + 2SO* + 8H01. 

With disnAphuric chloride the reaction is : 

S*0*C1* + 2PCI* « 2SO* + POCl* + PCI*. 

With sulphurous clUoride (tliionyl chloride) reaction takes place slowly but com- 
pletely at 160® in sealed tubes, yielding the preceding products, together with phogi 
phorus pentachlorido : ^ 

SOCl* + 3PCI* = P*01* + POCl* + PSCl*. 

With sulphur chloride, S*C1*, the products are pcntachloride and sulphocliloridc of 
phosphorus, the action being more energetic than in the last case : 

S*C1* + 3PC1* = PCI* + 2PSC1*. 

This is a convenient way of preparing the sulphochlorido. 

With arsenious oxide the reaction, 

6As*0* + 6PC1* « 3P=0* -I- CAsCl* + As*, 

takes place directly, without previous formation of phosphorus oxycliloridc. 

With arsenic oxide no reaction appears to take place even at 200®. 

With ehrtmic oxychloride a very energetic action Uikcs place, accompanied by a 
hissing noise and omission of light : hence the phosphorous chloride must bo well 
cooled and the chromic oxychloride added by drops. The reaction is : 

4CrO*Cl* 6PC1* = 2Cr*Cl« + PCI* + 3POC1* + P*0*. 

The jphosphoruB pontachloride, however, acts partially on the anhydride, producing 
an additional quantity of oxychloride : 

12CrO*Cl* + 18POI* - 6Ci«Cl* + 14POC1* + 2P*0*. 

When phosphorous chloride was heated to 166® for two days with potassium dichro- 
mate, the latter was partly converted into chlorochromato, apparently according to tho 
equation : 

30Cr»O»K» + 42PC1* = 18CrO»KCl + 16PO»K + 42CpO> + 27KC1 
+ 27POC1*. 

With antimonious oxide phosphorous chlorido yields amorphous phosphorus and 
antimonious chlorido. Now, as arsenious oxide and phosphorous chloride yield phos- 
phoric anhydride, arsenious chloride, and free arsenic (supra), it may bo supposed 
that in the present case metallic antimony was first set free and then liberated phos- 
phorus from the chlorido ; and this view is confirmed by direct experiment Arsenic 
and bismuth heated with phosphorous chloride separate only traces of phosphorus. 
%6nce it follows that antimony, at least at high temperatures, has a greater affinity to 
chlorine than phosphorus, arsenic, or bismuth. 

• Aniimonic oxide and bismuth trioxide are docompOBed by phosphormUi diloride ac- 
cording to tho equations ; 

Sb*0* -H 2PC1* « P*0* + 2SbCl* 

7Bi*0* + 7P01* « 2PO*Bi» + 8Bi0l* + PC1»0 + 2Bi001. 

Lead oxide and phosphorous chlorido do not act on one another at 160^ ; hot when 
lead oxide is moistened with phosphorous chlorido and heated directly over a lonpi ^ 
violent action takes place attended with ignition, and a large quantity of lead la re- 
duced: 

6PbO + 2PC1* - PO*Pb + SPbCl* -h 2Pb, 

This experiment is very well adapted for exhibiting the reducing adaon ci phosphow™ 
dil<«ide. .. 

Lead dioaAde acts on heated phosphorous chlorido» vit& ignition, aoepv^n^ — 
equation i ■ ' < 

■' ; iPbQ*. + ,tfCl* . P«(Wb t +:'*PO0l?iv;:Ofc” ;■ 
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Stannk oxide a.nd cuprh oxide act oh phosphorous chloride at 160^*1 according to 

the equations; 

5SnO® + .4PCI!' o 4SnCl® + SnCl* + 2P=0» ; 

17CuO + 6PC1* « 2P*0*Cu» + 6Cii»Cl* + CuCP + POCl*. 

Cupric oxide, moistened vitli phosphorous chlorido and heated rather strongly over a 
lamp, is decomposed, according to the above equation, with ignition and appearance of 
llainc. 

Precipitated mercuru oxide acts on phosphorous chloride even at ordinary tempera- 
tui'c'Si in exactly the same manner as cupric oxide; the crystallised oxide nets only 
vliou heated in a sealed tube to 160°. 

idolyhlio trioxide, in contact with phosphorous chlorido, oven at ordinary tompern- 
ttti'QS, becomes licatod and acquires a blue colour; on heating the Bubstaueos together 
iu a sealed tube to 160°, tho contents turn brown. Tho acilon probably takes placa 
according to tho equations : 

MoO^ + PC1» - MoO* + POOP 
3MoO» + 2POCl> « 3MoO=Cl* + P=0» 


Tunqstic trioxide, heated with phosphorous chlorido even to 200° merely turns 
ereon on the surfiico without iindor^^ing any further altoraticn. 

^ Manganese dioxide and ferric oxide appear also not to be acted on by phosphorous 
cldoride. 

Cblorobromide, PCl*Br- (Michaolis, Chem, Ges. Ber. v. 9). This compound 
is formed by direct combination of bromine with phosphorous chlorido. According^ to 
AViuhclliaus, tlie two bodies unite, with evolution of heat, to form a compound which 
ci'vstalliscs in a freezing mixture, but sepanites at ordinary temperatures into two 
liuukl layers ; aud ho considers that tho compound is broken up on liquefaction just 
as PCI' is resolved into PCI* + Cl* when vaporised. ISlich.iolis, on tho other hand, 
finds that it possesses considerablo stability, even at ordinary tomporatu^. Tho 
coinbiiiation tokes place but slowly ; aud when phosphorous chlorido and bromine are 
first mixed, a liquid is obtained consisting of two layers— sohiiions respectively of 
phosphoi'ous chlorido in bromine, and of bromine in phosphoroiis clilorhle. In a freezing 
mixture at -20° this liquid solidifies, but stqiaratrs again into two layers on fusion. 
If, however, tho mixture bo allowed to remain undisturbed in a sealed tube jit winter 
U'lnpcraturo for about a week, a crystalline mass is obtained ■which does not form two 
hiyors again at ordinary temperatures, but a homogeneous liquid. 

Phosphorus chlorobromido is a yellowish red mass resembling phosphoriM penta- 
Liomido. At 85° it is rcsplvod iuto PCI* and Br*. Water has tho same action upon 
it as upon a niixturo of phosphorous chlorido and bromine ; 

3PCl*13r* + 3H*0 « 2POCI* + PODr* + 3HCI + SHBr. 

Tho chlorobromido is decomposed by ttdphitr dioxide, yielding phosphorus oxy-^ 
chloride and sulphur totrabromide : 

2PCrBr* + SO* « 2POCI* + SBr^ 


the latter, however, hoing resolved by distiUation into SBt and Br» (Mich8«dis. 
Jcnaiaclte Zeitschr. vi. 200). 

When - ’ - 


hat the lower biycr of liqi»‘i 

pnosptiorous chloride with bromine is a supersaturatod solution 
At tho moment when crystallisation is sot up by tho introduction of ^ 

I'lttor unites with tho excess of bromine and crystallises out with ® 

separates from aqueous solution in combination with water of ' , , 

compound, PCPKp*, forms largo flno crystals having, a dark tU 

When boated it melts toa dark red liquid, which gradually 
but on sdidiftiMon the original ^tals reW- 
J 'aigo quantity of water into phosphoric, hydrochlonc, and , - t,i>osiAoryl, 


1 1 i oy a small quanuiiy — 

yerochlorio ana hydrobromio acids^ and frfee bromino. 
poses thnn in tlie maniier represented by the equation ; 

+ so* ■ 2P001* + SBr* + 2Bi*. 

J^<w«diloride»'«f ^ 


^ 8 a 


luantities of bromine, have 
len- bromine is wided to 
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phosphorouB chloride till tho ttro laven flrat formed have disappeaxod, and the vhole 
M heated in thoiirator-bath tx> 66° as long as bromine continues to escape, there remains 
a rod-brovn oily liquid which solidifies, at 4° or 6° above 0°, to brown mctanicallv 
lustrous needles having tho conipraition PCl^Br® — PBr*.3ClBr. This compound 
may be distilled without decomposition below 00°, and its vapour is colourlessT By 
xapid distillation above 90° it is decomposed, yielding the compound PCl*Bri, wliicii 
eollects in the receiver in fine prismatic crystals. This last compound is also Voruiod 
when phosphorous chloride is dropped into bromine till two layers of liquid are formed. 
Fine ciyst^s then form after a while, sometimes 2 or 8 mm. long. These crystals 
dissolve in phosphorous chloride at ordinary temperatures, and, on heating the solution 
to tho boiling point of the chloride, yellow crystals are deposited consisting of tlio 
compound PCl*Br or PCP.ClBr, which is also produced by tho action of bromine 
chloride on phosphorous chloride. By moans of this compound PriUvault Imsobtiined 
the totrabrominated compound, PCl*Br*, already describkl, tho formation of which nmy 
perhaps bo represented by the equations : 

PCPBri + PCI* = PC1 *Bp’ + PCl^Br, 

PCl*Br? + PCl^Br « 2PCl»Bri. 

Michaelis (Detei?. Chem, Ges, Ber, v. 4X4) has repeated Prinvault's experiments with 
somewhat different results. By adding bromine in excess to phosphorous chloride, ro 
that about 4 mols. bromine should bo present for every 1 mol. PCI", ho obhiiucd, with 
somewhat considerable rise of temperature, a uniform oily liquid which, after a few 
minutes, began to deposit a birgo quantity of crystals, and solidified completely .iftcr 
about two hours. These crystals wero brow'n needles with a beautiful green inctiiUic 
reflex, but so unstable that thoy could not bo completely separated from tlio mother- 
liquor. Thoy liad nearly tho composition PCPBr®, and medted at about 2.5°, tlio 
liquefied mass solidifying again completely on cooling. At temperatures below 90° 
its vapour is not colourless, but has tho colour of bromino-vapoiir. 

Prinvault regards tho compounds above described us compounds of nliosphoras 
pentabromido with bromine chloride, ClBr. On tliis view the action of sulptiur dioxido 
ii^n them should give rise to phosphoryl tri bromide, POBr", and bromine cldoridu; 
ais, however, is not tho case, the actual products being phosphoryl trichlorido, 
ulphur bromide, and free bromine. This makes it probable that tho bodies in question 
re additive compounds of bromine with PCl*Br', namely PCl’Bri.Br®, andPCPBri.SBr^ 
nalogous in constitution to PCP.lOl, PCl*.PeCl*, &c. (Michoelis). 

Oigroliloiiaes. Phosphoryl Trichloride, POCl*. — ^This compound, cooled 
lown to — 1Q°, remains liquid even when shaken, but when toucht d with a solid body, 
iuch as the end of a glass rod, it immediately solidifies to a crystalline mass. Tho 
.ong, colourless, Icaf-Uke crystals molt at — 1’6°. Below this temperature they am 
permanent^ and will lie upon Ice for some time without dccompo6inj|:. A small ci^^stal 
iS sufficient to cause a considerablo quantity of tho liquid oxychloride, cooled to - 2°, 
to solidify completely (Geuther a. Michaclis, I)eiit. Clutm. Ges, Ber, iv. 76d). According 
to Thorpe {Chem, Soc, J. [2] iz. 1162), the melting point of this compound is +2-6°. 

Phoirohoryl trichloride unites very easily with boron forming tho com* 

jioand PBOCl* = POCl* + BCl®, which, howover, is completely resolved by sublima- 
tion into its components, (see Boron, p. 207). . . 

Phosphoryl bromodichloridet POBrCT*, solidifies at 0° to. large colourless cryshds 
which uquefy at +11°. The crystals of this compound a^enr to be isomoiphonf 
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Pyrophosphoryl Chloride, P*0*C1* (Geuther n. Micbaelis, 

Ber. iv. 766). — ^This compound, the analogue of pyrophosphoric acid, P*0*(OH) , i 
formed, together with phosphoryl chloride, by the action of nitrogen o 

. tetcozide on cooled pho^horous chloride. The best way of preparing it is to allow tn 
vapours of the liquefied tetroxido (prepared from lead nitrate) to pass into 
trichlonde coolea by a freezing mixture (20 grams NO* to 100 grams ^5*71 
isfeaction commences immediately, with evolution of nitrogen, nitre^en dioxide, an 
vapburs of nitro^l monoehloride (NOCl). The phosphorus trichloriae becomes ref 
deued byriie presence of tho last-mentioned compound, and phosphorus pejitomt 


replaced byj 


pQuiid'ffiiiriXa: over, 
rionis of 'tlwi abore 


over. It is advisable to prepare a laxgO 
.bore opecaiiQn before commepelng to 
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trichloride yieU^ 282 of phoephoryl trichloride, and onlv ia •»«»,. o i .* » 

of the pyn^hoephorjrl chloride. ““*7 M erams (11-4 p.c.) 

Pwphoephoryl chlOTde ie a colourlees liquid, which boils between 210<> md 2J<io 

' The conetitution of pyrophoephoiyl chloride may be represented by tho formula : 
PrOCP— 0— P»OCl*, 

the two uUralent groups POa* being held together by an atom of bivalent omren 
This view of lU constitution IS oinhrmed by its reactions with pentnchlorido and 
peutabromide <rf phosphorus, with tho former of which it yields 3 moU phoenhorvl tri- 
ehloride, and with tho latter 2 mols. phosphoiyl bromodichloride and 1 mol. phosphoryl 

P0C1*|° + = 2P0C1« + P0C1« 

P0C1*1 
POCl* 


Po 

J|o + PBr» « 2P0BrCl* + POBr*. 


With alcohol, pyrophospliopyl chloride yields ctliyl-phosphoric chloridp, a portion of 
which IS decomposed by the water simultJinoously fomod, into ethyl-phosphoric acid 
and hydrochloric acid ; ■ 

2r«0»Cl« + 4C3H®0 = 4(P0.0C*H®.CP) + 2H*0 
PO.oc*H*.ci* + 2 n*o = po.oc-n»(oii )2 + 211 C 1 . 

As pyrophospho^l chloride when decomposed by water yields, not pyrophosphoric 
but orthophosphoric acid, tho former acid should perhaps bo represented, not by tho 
foiimila PO(OH)* — 0 — PO(OH)®, but by Uio unsymmetrical formuh : 


P(on)»« 




PO(OH). 


Attempts wore nuido to obtain pyrophosphoiyl chloride by the action of nitrous acid 
on phosphoiyl chloride, according to the equation : 

2P00P + » (P0C1*)*0 + 2N0C1, 

also by the very ^adual action of phosphorus peutoxido on the pentachlorido ; but in 
both cases only with negative result. 

The preparation of pjTopliosphoryl bromide by the action of N'O* or N*C)* on PBr* 
vas likewise unsuccessful, tho products consisting merely of ordinary phosphoryl 
bromide and phosphorus pontoxido. 

Metaphosphoryl chloride, P0®C1 (?), Gustavson {DetiU Chem, Ges. Ber. iv. 763), 
by heating equivalent quantities of phosphorus peiitoxide and phosphoryl chloride in a 
«oalfd tube to 200® for six hours, obtained a very viscid, transparent mass, jirobably 
formed according to tho equation P'0* + FOCI* *■ 3P0*C1. 

SiUpliobromldes (Michaelis, Ann. Ch, Pharm. clxlv. 9 ; Beut, Chem, Ges. Ber, iv. 
777, v. 4). 

1. Pyrophoaphorio Sulphohromide, P*S*Br* *= PSBr* — — PSBi*®.— To pre- 
pare this Gomjyound, finely-powdered phosphorus trisulphide is moistened with carbon 
sulphide, and the required quantity of bromino (diluted with about an equal volume 
of carbon sulphido) is added by drops, with repeated shaking and continuixl cooling of 
llie vessel. The carbon sulphide is then distilled off, tho residual oily product is ex- 
hausted with ether, and the clear decanted solution is freed from ether hy distillation 
in a stream of car^nie anhydride at as low a temperature as possible. The sulpho? , 
oroide then remaiiis ns an oily liquid which is often turbid at first, but soon becomes 
^uito clear on standing in a closod vessel. , . , . ^ * -..i. 

•t^rophosphoric sul^obromido is a light yellow oily liquid, which in wmtMt witn 
*^ao air fumes strongly and becomes turbid from separation of sulphur. Ite ** 
somatic and pungont. Sp, gr. - 2*2621 at 17®. It is decomposed by distillataou 
^uto pentasalphide ai^ orthosulphobromids of phosphorus : 

« P*S* + 4PSBi^ 

fiiTthar resolved into sulphur, and the compound 
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The orthbsulphohromide » «iUo produced by.hetiting the pyroBulphobromide 
irith the pentabromide : 

I«S»Br« + PBr» - 3PSBr*. 

Pyrophosphoric sulpliobromido is decomposed by footer into sulphur, orthophosphoric 
Bulphobromide, hydrogen sulphide, phosphorus, and a sulphuretted phosphoric acid, 
probably pyrosulphophosphoric acid, P-S*(OHy. The action of alkam is like tluit of 
water, but more violent, and is not attended with separation of sulphur or of ortho- 
phosphoric sulphobromide. 

With absolute alcoholy pyrophosphoiic sulphobromide yields the following ethyl- 
ated substitution-products. 

Triethyl-pyrophosphoric Sulphobromide . . P®S®(OC*II'‘)*Bp 

Ethyl PyroKulphophosphato .... I^.S*(OC®lP)^ 

IMethoxyl-dicthylsulphyl-pyroaulphophosphoric 
Ether . . . . . . . P=S®(OC=H‘‘)=(SG*H»)* 

% Metai^hoaphoria Sfilj^hohromidCj PS‘-Br. — Thi s appears to bo the substiinco 
insoluble in ethor which is obtained in the preparation of the pyrosulphobromido. 
Michaolis attributes its production to tho presence of phosphorus pcutusiilphide in tile 
trisulphide used, and explains its formation by tho following reaction : 

P*S> + pas* + 4Br = 4PS^Br. 


With water this compound hohaves like tho pyrosulphol>romide. With alcohol it 
forma a crystalline ethor having tho composition JP'S*0^(C''H.*)* (Michaolis). 

3. Orthophosphoric Sulphobromide y or Sulphophoaphoryl Bromidey PSBr*.— 
This compound was discovered by Baiidrimont, who obtained it by the action of 
hydrogen sulphide on phosphorus pentabromide (Iv. 605). It is also produced, as 
above stated, by heating the pyrosulphobromido either alone qr with phosphorus pontn- 
bromido. But the onsiost way of preparing it is to add 8 pts. of bromine by drops to 
a solution of 1 pt. phosphorus and 1 pt. sulphur in carbon sulphide, keeping tho liquid 
constantly cool. When the action is ended, tho liquid is quickly distilled over as 
largo a flame os possible, and the first portion of tho distillate, which usually contains 
carbon sulphide, is collected apart. Part of tho sulphobromide collects in the crystal- 
line form ill tlio neck of the retort ; the rest passes over and remains dissolved in the 
liquid contents of tho receiver. This liquid is repeatedly treated with fresh quantities 
of water, till tho yellow oil, which at hrst collects at tho bottom, has solidiflod to a 
yellow crystalline mass. The substance thus obtained is a hydrate of orthophos' 
phoric sulphobromide, PSBr*.n*0. It has an aromatic toar-excitihg odour, a specific 
gravity of 2'7937 at 18*®, melts at 35®, and is resolved at the same time into water and 
the pure sulphobromide. It does not fume in the air, but gradually decomposes, with 
evolution of hydrobromic acid. 

Tho anhydrous orthosulphobromide is obtained by treating the solution of tlio 
hydruto in carbon sulphide with calcium chloride, and remains, on evaporating the 
carbon sulphide, as a yellow liquid which for the most part does not solidify till 
touched with a solid body; it tlion forms a radio-crystailino mass. It melts at 38 , 
and exhibits in a high degree tho phenomenon of superfusion. It dissolves easily lu 
ether, carbon sulphide, phosphorous chloride, and phosphorous bromide, and crystal' 
lises from tho last two solvents in yellow octohedrons belonging to the regular system. 

Orthophospiioric sulphobromide is slowly decomposed by water in the cold, mere 
quickly when heated, but large portion passes over nndecomposed with the aqueous 
vapour. Tile products of tho decomposition are hydrobromic acid, largo quantities m 
phosphorous acid and sulphur, and only small quantities of phosphoric acid anq 
h^rogen sulphide, whereas the sulphochloride of phosphorus is resolved by water, M 
is weir known, into hydrochloric acid, phosphoric acid, and hydrogen sulphide. 

: The fonnatioa of phosphorous acid and sulphur in the decomposition of 
. hroi^e ig explained bv Michaolis as follows : — Sodium sulphophosphate, 
decomposed by free acids, yields hydi^en sulphide and phosphoric acid 
cording to Michaolis, phosphorous acid and free sulphur are formed at the wine tame. 
Nflfw, w^n j^Gl* and PSBr* come in contact wfib water, either the 


latter le then reeolvaa, partly ny toe xurtuer action of vrater, !] 
and SH'i wherciaiathe smphoc^fdrido ezhibite the second fonh c 

rsa* + HKj .. 
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the oxychloride then reacting ^ith a further portion of water to form hydrocliloric 
and pliosphoric acids : 

POCl» + 3H*0 = 3HC1 + PO(Oim 

With alcohols the sulphobromido forms ethyl monosulphophospluite, PS(OC*Il*y, 
Orthophosphoric Bulphobromide does not volatilise wholly without dcoomposi- 
tion, but is resolved by slow distillation into sulphur and tlie compound or 

PSBr*.PBr* : 

2PSBr» = S + P*SBr«. 

Tlie compound, P*SBr*, already mentioned as occurring amongst the products of the 
decomposition of the pyrosulphobromido by heat, is a yellow liquid which, when 
immersed in a xnixturo of ico and salt, solidilics to a white mass molting at —5^. By 
repeated distillation it is entirely resolved into sulphur jind PBr* ; and by repeated 
wiushing with winter it is converted into the hydrate of orthophosphoricsulphobromide, 
PSBr®.H'^0. 

Sulpbocbloride* Sulphophosphoryl chloride^ PSCP. — This compound is easily pre- 
pared by heating phosphorus pciitasulphido with the pentaclilorido atldO'^in a sealed 
tube, in the proportions required by the cqiuition : 

P*S* + 3PCP =: 6PSCP. 


It is a liquid boiling at 126° under a barometric pressure of 770 mm. Its Vapour is 
extremely X 3 iingcnt, but when mixed with air it has a pleasant aromatic odour (T. £. 
Thorpe, Chem, News, xxiv. 136). 

Sulpbocblorobromlde, PS.CPBr (Michaolis, De7iL Chem, Ges. JBer, v. 146). 
To obtain this compound, ethylsulphophosphorous chloride, PCl®(SC®H*), (a colourless 
liquid boiling at 172°- 176°), is prepared by the action of phosphorous chloride on 
mercaptan, and bromine is added to it by drops in a vessel which is kept cool. The 
following reaction then takes place : 

_P0l*(SC*H*) + Br* =. C*H»Br + PCPBrS, 

The resulting liquid is fractionally distilled ; the i>orlion boiling botween 160® and 
180° is agitated witli water till no further action is perceptible ; and the remaining 
liquid is separatefl from tho water, dehydrated with calcium chloride, and freed by 
gentle heating from absorbed hj’drocliloric and hyilrobromic acids. 

Phosphorus sulphochlorobroinidc is a faintly yellow^ liquid having an arom.at]C 
pungent odour like that of tho sulphochloride. It begins to boil at 150°, but tho 
boiling point soon rises, the liquid undergoing partial dbeomposition, with separation 
of sulphur. It oifers coiisidcrablo resistance to the action of water, and, like tho 
sulphochloride, may bo partly diotillod witli water without decomposition. For com- 
plete deconiiiosition it must bo heated with water to 160° in a sealed tube for 4 houre. 
Tile products of decomposition are: free sulphur, hydrogen sulphide, phosphOTic acid, 
Jind phosphorous acid, together with hydrochloric and hydrobromic acids. The quan- 
tity of free sulphur is exactly the half of that which is obtained by tlie decomposition 
of phosphorus sulphobromidc. 

PBOaVBORVB I OBZINBS, OXYCBW-ACXBSp and OXTOBlT-aaASS* 


Bypopbon^boroax Xoidp H*PO». This acid is generally said to bo an unc^a- 
taliisable syrup. J. Thomsen, however, has obtained it os a snow-wluto crystalline 
mass, melting at 17-4°. The dilute solution, obtained by docqmpcymg the barium s^t 
with sulphuric acid, is first boiled down r.ipidly in a porcolain dish, and wo 
oraporation completed in a platinum dish without ebullition, the tem^ioraturo b^ng 
allowed to rise gradually to 106®, at which most of the water can U teven off The 

l>id i. th« aterod hot, and *0 hc^Uag con^ 


iiquiQ 18 tnen niceroa not, ana wio ncauug o 

Jiinutes at this temperature the acid is transfereed to a bottle, and wl^below 0 . 
It exhibiu strongly the phenomenon of BUperftision, but cnr^Uises when 
gloss rod, or more r^ily by tho addition of a crystal of the same acid {DetU. Chem* 
^es, 2/sr. vii 994) 

^etallio.ffvpopho8pkiies (Bammelsberg, f * « 

Ges, Ber. t. sodium salt, H*PO« + HfO. 

deliquescent crystals which become anhydrous at 100°. The ih^tumsjdt^^T i 
JjnuB anhydrous crystals belomng the rhombro system. ^ 

H*(BH*)p6*, the Srium salt, E&BaPO* + H»0, and m 

U>98« of tJwUinin, <!akiiiiii, cadmium, and l«id. 
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contain water of crystallisation, which they give up COmplotelv and without deconpo- 
sition at temperatures between 100° and 200°; the nickel and cobalt salts, however, 
cannot bear without decomposition a temperature higher than 130°~140°. 

The decomposition of hypophosphites by heat does not in any case bike place in the 
manlier supposed by H. Rose (iv. 024), that is to say, into hydrogen phosphide, water, 
and a pyrophosphate, but in ono of the two following ways ’ 

(1). The residue consists of a mixture of pyrophosphate and metaphosphato, 
and when dissolved in water loaves a small quantity of red phosphorus. The alkali 
salts (Na, Tl, Li), leave, on ignition, a residue consisting of 1 mol. R^P-O^ and 1 mol. 
RPO*(R denotiiiga univalent metal), containing therefore, like the hypophosphitoitsclfl 
J at. metal to 2 at. oxygen. No water is given off. The hypophosphites of mat/nes- 
tunif einCf and manganese yield a residue containing 2 mols. pyrophosphate to 1 mol. 
metaphosphato; in those of strontium^ calcium^ cerium^ and cadmium, this ratio 
«« 3 : 1 ; in the Uad salt, 4:1; and in the barium salt, 6 : 1. 

These modes of decomposition are represented by the following equations : 

6H*NaPO» = Na‘I»0» + NaPO* + 2PH» + 2H* 

6IPZnI»0< « 2Zn*P-0’ + Znl«0« + 4P11* + 4H* 

7H<SrP»0* « .'iSr^psO’ + SrP*0« + 6PH* + 4H* + H*0 

9H*PbP*0^ = 4Pb^P-0' + PbP>0® + 8P1I* + 4H* + 211*0 

. 13H^Bar'*0‘ *= 6Ra*P*0* + BaP^O* + 12PH» + 4IP + 4H*0. 

■ (2). The hypophosphitc.s of nickel and cohalt leave, when ignited, a mixturo of 
metaphosphato and phosphide, the latter of which gives the residue a black 
colour, and renders it almost iueoIubLu iu hydrochloric aetd: 

SH‘CoP*0" = 2CoP*0« + CoP + Pn* + H». 

(3). Ammonium hi-pophosphite and TJranyl hypopliosphite differ from all the othrr 
Sn1t.s in their mode of decomposition by heat. Tho ammonium gives off ammonia, 
phosphine, hydrogen, and water, and leaves n residue consisting of 1 mol. pyrophos- 
phoric and 2 mols. motaphosphoric acid : 

TH^CNH^PO* « H«P'0* + 2nPO* + H»0 + 7Nn» + 3PH* + 2H*. 

Tho uranyl salt, which is yellow and sparingly soluble, decomposes with inflamma- 
tion and explosive violence, giving off hydrogen and Iciiving a mixture of 3 mols. 
uranous pyrophosphate, 1 mol. uranous metaphosphate, and 1 mol. uranium' mono- 
phosphide ; thus, (U = 240) : 

9H\UO*)"r*0« « 6U*»P*0* + U*»P<0« + 2UP + ISH*. 

The ratio of tlie number of atoms of pliosphoms in the residue to tho number 
which escape as gas in the decomposition of the several salta is as follows: 

0 : 1 in the case of Ki and Co 

3:2 „ Na, Tl, Mg, Zn, Mn, 

4:3 „ Sr, Ca, Co, Cd 

•6:4 , Li, Pb 

7 : 6 i» Bni 


but never 1 : 1, as'formerly supposed. . 

The hydrogen of tho hypophosphites behave's as follows. The sodium, potassiunii 
thallium, magnesium, zinc, and manganese salts give off no water, the hydrogen Ming 
given off I free, g combined with phosphorus. All the other salts give off, 
with hydrogen and phosphine, small quantities of water, tlie hydrogen of wnic 
amounts to A, J, or jb of the - entire quantity of gas, 'Wbother the evolved gas w 
spontaneously inflammable or not, depends altogether on accidental circumstonces. 

Reducing Power of Hypopkosphorous and Phosphorous 
following experiments on the reducing pourer^ of these acids and thrir salts have dm 
itattdo by Itammelsberg Soc. J.[2], xi. 18). 

Phosphorous Acid and iKfwr With excess of silver nitilate, 1 mol. OTrO 

duees 1 at. silver, while hydrogen is set free : 


BPPO* + AgNO« + p*0 • H«P0^ + HNO* Hh Ag 4- H, 

Bcfium hupophoephUe and Silver 8alte,~^l mol. H*BiiP*OS with an 
nitrate, ^ve 6Ag, and with silver sulphate, 6‘6 Ag, Adhdtting ^g.‘ w» , 
+ AAgNO* + 4ji*0 - 2H»PO» + 4HN0» + 

The x^ucing power of the molecules H*PO* and seems to Im asl ^ 

, Phospharwe Aoid and &Wa--An excess of 

•opvons cudds'baing Innned;. . Wken the capno 
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it wporatad, after boiling for some time, and 1 at. copper is reduced ifor every 3 at. 

phoBplioruB: 

3H*P0® + CuSO^ + 3H®0 = 3fi®PO® + IPSO* + Cu + 211*, 

Sarium p^sphite is not changed Ly boiling with a solution of coppor ; whoi\ free 
sulphuric acid is added, a very small quantity of the metal is precipitated. 

‘ Hypt^hosphorous Acid and Capper Salts, — Hypopliosphorous acid, heated with solu- 
tion of cupric sulphate to 55°-60®, forms a precipitate of cuprous hydride, Cu*Il* 
(Wiirtz, 5y. 524). H. Rose {l^ogg. Ann. Iviii. 212) as.sertod that the reduction of copper 
by this acid was not attended Avith evolution of hydrogen. Rammclsbcrg finds that 
wlien barium hypophosphito is heated witJi excess of cupric sulphate, the prccipitatiou 
of inotallic copper ^kes place onlj^ at the boiling point of tho liquid, and in the pro- 
portion 2 at. copper to 1 nt._ barium : consequently hydrogen must be evolved ; further, 
that when free sulphuric acid is mldod, reduction begins below 100°, and the quantity 
of metal reduced is only half of what it was in the preceding case. The reactions in 
the two cases are : 


(1) H‘BaP=0* + 2CuSO* + 411*0 2IPP0* + RaSO* + 11*80* + Cu* + 2H* 

(2) H*BaP*0« + CuSO* + 4H=0 = 2n*PO* + BaSO^ +Cu +3II* 

The hydrogen is evolved with groat rapidity. 

^diiim hypophosphite with an excess of copper salt gives, Na I Cii = 1 r 1 at. ; 
but the reaction requires continued boiling. 


Pboapli orlo Aoid. On tho compound of phosphoric anhydride with boric anhy- 
dride, P*0'''.B*0*, and on tho reaction of phosphoric anhydride with boric chloride, see 
p.207. 

Esiunation of Phosphoric Acid . — ^The two following methods are given by 
C. E. Munroe (Sill. Am. J. [3], i. 329). — 1. To Uic boiling phof^phato solution a weighed 
quantity of pure aluminium sulphate, previously dissolviMl, is added. A solution of 
mercuric chloride is then added, and finally puro sodium h3'drate, until a precipitate of 
mercuric oxide is obbiiucd which remains uudissolvcd. To hasten tho oi)oration the 
precipitate is allowed to settle, and tho supernatant liquid poured upon the filter. The 
gelatinous prccipitato is then evaporated to complete dryness, filtered by the aid of a 
lilter-j)uinp, ignited, and W'cighed. The increase of weight over that' of the alumina 
used is phosphoric oxide. The filter burns very slowly. Test analyses performed 
upon anhydrous disoclic phospliato and crystallised ammonio-sodic phospliate gave 
Very satisfiictoxy results. Tho method appears, however, to bo applicable with advan- 
tiigo only to tJie alkaline phosphates. 

2. Tlio second method is a modification of Ro-so’s well-knowri mercury procera. A 
boiling solutiqii of the phosphate in nitric acid is precipitated with mcreurous nitrate, 
a small quantity of mercuric nitrate is added, and then pure caustic soda, till a perman- 
ent red precipitate is obtained. Tho filtrate tested with molybdic acid docs not ex- 
hibit a trace of phosphoric add. Tho precipitate, consisting of mercurous phosphate 
and a little free mercuric oxide, is carefully separated from tho filter, and intimately 
mixed in a porcelain crucible with a w'eighed quantity of cupric oxide; the filter is then 
biitl upon the oxide and tho wliole ignited. Tho increase in M'oight of tho crucible and 
cupric oxide gives the amount of phosphoric anhydride. By this method phosphoric 
arid niay bo separated from all bases except ferric and uranic oxides, hrom alumina 
tho Bopazation is perfect. 

According to J. Konig {Zdtschr. anal, Chem. 1871, 473) tho precipitation of phos- 
phoric acid by 9noiybdh aoid is more or less prevented by ammonia salts when present 
in lorgo quantity, the salts which act most injuriously in this respect being the oxalate 
nnd citrate. E. Richters (ibid. 469) also obsen'es that certain salts, as well as free 
hydrochloric acid I interfere with tho precipitation, but tliat ammonium nitrate pronwtes 
ifc in a very great degree ; he therefore recommends a solution of this salt for wasning 
tho precipitated phosphomolybdat^. . 

J._ Barry (Chem, News, xxv. 279) recommends tho use of an a^gteous solution or am- 
moiiium molybdate, since in a strongly acid solution tho precipitation is very s ow. 

Fresenius, Neubauet a. Luck (Zeitschr, anal. ChemJ x. 133) have 
methods generally used for the estimation of phosphoric acid, with espefaal reference 
to the valuatioh of ‘phosphatic manures. ' ^1.3; 

L Of the gravitoSric methods, they find that tho molybdenum picthod is the 
®^nrate, provided it bo performed in the following manner : Tho 
°f Ae substance, in abbiit 8 c.c. strong hydrochloric acid, is evaporated to 

2 M.fi?drochloric ^d is 

(»P. ee. a-2) ; tbs iSutkm dUated vnth water, filtered, and again evaporated , tno 
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Tofiidue rodissolvod in 5 c.b. nitric acid; and Uio liquid digeeU^fcnp 12 hours at 40 * 
vitli 160-200 C.C. of a solution of ammomum molybdate iii nitric UcidconUiniDgSpts, 
molybdic triozido. When a sample of the supernatant liquid no. longer any 
tiirl)idity‘'\rith the molybdic acid solution, the precipitate is collected on a filter, urasbod 
‘with 100 pts. of the molybdic acid solution, 20 pts. nitric acid, and 80 pts. water, 
then dissolved in the smallest possible qimntity of aqueous ammonia ; the solution, ap- 
proximately neutralised with hydrochloric acid, is precipitated with a mixture of mag- 
nesium sulphate, ammonium chloride, and ammonia; and the precipitated ammonium- 
magnesium phosphate is wasliod witli ammonia-water, dried, and ignited in the usual 
^B.y. 

The bismuth, uranium, lead, mercuiy, and tin methods, are admissible only when 
. iron and aluminium are absent ; in the presence of either of these 1x>dics, the methods 
in question cannot be used without considerable modifications, which rob them of all 
thoir special advantages. The use of tortaric or citric acid, to keep iron and uluminium 
in solution during the precipitation of phosphoric acid by magnesia, does not yidd 
very satisfactory results, since basic mngnosium tartrate or citrate is often precipitated 
witn the phosphate, and bccauso the solubility of the aminonio-magnosium pliosphalo 
is increased by Uie prescnco of ammonium birtrato or citrate. 

The volumetric uranium method, as ordinarily used, is trustworthy only when 
alkalis and magnesia arc the only bases present. If citric acid is used to keep iron 
and aluminium in solution during the titratioTi, sonic uncertainty is introduced, as free 
titrin acid increases the solubility of uranium phosphate, and thus tends to give low 
results,, while ammonium citrate, by diminishing the dclicricy of the ferrocyanide-test, 
tends to give high results. If lime is present, the results are apt to bo low, since cjil- 
cinm phosphate partially separates from an acetic acid solution on heating, and thus a 
portion escapes the action of Uie uranium. This error may, however, be got rid of by 
reversing the process, and adding a cold acetic solution of the phosphate to a hot solu- 
' tion of uranium, till the fcrrocj^nide-test just ceases to act. 

According to W. Jani {Chem. Centr. 1871, 230) the accuracy of the volumetric 
uranium method is not affected by the presence of ammonium salts, but an excess of 
acetic acid or an acetate seriously affects the result. It is best, therefore, to neutralise 
the free acid present, not by means of sodium acetate, but by carefully adding am- 
monia or soda till the solution is slightly alkaline, and then a few drops of acetic acid. 
With this precaution the results obbiincd by titration with uranium solution agree 
with those of the best gravimetric methods. 

, C. Schumann (Zeitschr. anal. Ckem. 1872, 382) uses a solution of uranic nitraU tor 
the titration in preference to tlio acetate, because the appearance of the reaction with 
potassium ferrocyanido is then more sharply marked and the solution may bo kept 
without nltemtiou, especially if acidulated with a few cubic centimeters of nitric acid, 
whereas the acetate is very apt to deposit a basic salt. To avoid, however, the pre- 
sence of ‘free nitric acid, when a largo quantity of uranium solution h^is to be added, 
ns in the analysis of phosphatoB very rich in phosphoric acid, Schumann mixes the 
phospliatic Bolutirm with a sufiicient quantity of sodiuui acetate, this quantity bearing 
the same proportion to the entire liquid as in the titration (according to Schumann, 20 
C.C. sodium acetate to 50 c.c. of the phosphoric acid solution). The error arising in the 
analysis of calcareous phosphates from the precipitation of calcium phosphate by long 
bdling is avoided in the method of Fresenius, Neubauer a. Luck, by reversing the pro- 
cess and titrating the uranium solution warmed in the water-bath witli the phosphoric 
acid solution (see above). Schumann avoids it by the omploymont of the so-called ^ 
:that is to say, by first determining the quantity of uranium solution^uirea 
for about 10 c.c. of the phosphoric solution. This renders it possible, in the spbsequent 
,^tration of a larger volume of the same liquid, to add at once the exact quantityoi the 
uranium solution required, within a few cubic centimeters, so that prolonged 
may;bo dispensed with. The titration is conveniently performed^ in a flask which w 
..iheutedi witn frequent agitation, over a free flame, and the addition of the uranium 
liolution is discontinued as soon as two drops of the liquid spread npon 
. pl&te, with a drop of ferrocyanido solution let fall as nearly as possible in the T 
■ form a distinct ring of. uranium ferrocyanido which does not disappear on renew 


ammomo-hiQgneBium phoephate is quite insoluble, so that the cowtotiPJt " yv 
of majmesium pyrophosphate for eteiy 64 c.cr of Iiquid|. formerly ^ 

FretoiSye, may Wdispen^ 

'■’ ■ f ■ . ■■ ■: .■ ■ ■ . 


Among gravimetric methods, Schumann finds that the detorminatiOT as 
aanmum nhomhaU gives perfoctly trustworthy results, provided the following diw- 


imownc mtsbneus, pcnumauu uiiub biiub wu uobvfe ^ ; — 

- . 'gpikiU gives perfectly trustworthy results, provided the ..jo* 

ions are observed. The ammonio-magnesium phosphate must be kep^ byto 
?iecipitalion and during washing, in an ammoniacal liquid wnteining at lea^Z*fi F 
fn' 1 An AAmf-iTMAfAiV' Tn iLTi MniYirmiAcnl liQuid of-tliis SttanglA u 
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‘The eXiicbfiees of t;h# composition of the precipitated arnmonio-magnosium phosphate 
iras domonslrated bjr taking two equal quantities of u solution of disodic phosphate^ 
ctaporiiting one to dryness, igniting, and weighing the residue of sodium pyrophos- 
pluato; tlion precipitating the other as ammonio-magnesium phosphate, igniting the 
procipitatp, and weighing the resulting magnesium pyrophosphate. The quantities of 
phosphoric acid calculated from these two dotorminations were almost exactly the 
tiz. 0’1171 gram from the first and 01167 from the second. A second pro- 
cipihition of the ammonio-magnesium phosphate is thorofore superfluous, and indeed 
injurious, inasmuch us the dissolved precipitate is not completely repredpitatod by 
ammonia alone. 

The excess which sometimes occurs in the estimation of phosphoric acid as magne- 
fiiiiiii pyrophosphate, in consequence of the sinmltatieous precipitation of basic magne- 
sium salts, may bo avoided by using only a sliglit excess of magnesia mixture, the 
solution being brought down to a determinate volume, and the quantity of magnesia 
mixture required for each precipitation approximately calculated. The liquid should 
Ijo mside ammoniacal before tho addition of the m:ignc.sia mixture, unless the ammonia 
used is very dilute, and the precipitate must bo washed with aqueous ammonia of 2*6 
p.e. till a few drop.s of the wash-water do not exhibit the slightest turbidity on addi- 
tion of silver nitrate. In case the liquid has acquired a high temperature, in ronse- 
quenco of chemical action taking place u-ithin it — as, for example, when a molyb- 
ilmium precipitate is dissolved in strong ammonia, and tho ammoiiitv neutralised with 
hydrochloric acid — it must bo left to cool before precipitation. There is no occasion to 
boil the magnesia precipitate for more than 12 hours, unless tlio quantity of phosphoric 
acid present is extremely small. 

According to L. llruiiner {Zeitschr/anal. Chem. 1872, 30), a solution of magnesium 
sulphate mixed with a certain quantity of sal-ammoniac gives with ammonia a precipi- 
tate of magnesium liydrato, when tho temperatnro of tho solution exceeds 60®. Tliis 
-rircumsLance must bo taken into account in tho analysis of artificial manures, when 
the phosphoric acid has to be dotorminod in the filtrato from a precipitate of calcium 
oxalate wliich has been washed with boiling water. 


E. W. P.'irnell {Chem, JVms, xxiii. 145) points out the insolubility of ammonio-mag- 
ncftiiim phosphate in an ammoniacal liquid containing excess of magnesia. ITo recoin- 
iTiciida that tho precipitation be performed in a hot dilute ammoniacal solution, in 
which case no magnesia will bo cjirriod down with the precipitate. 

To determine phosphoric acid in presence of aluminium and iron (which preclude 
thoiminediate use of tho uranium method), G. Villo {Compt, rend. Ixxv. 344) njixestho 
liytlroclildric acid solution with citric acia and excess of ammonia, and precipitates with 
excess of mfTgucsiiion chloride, dissolves the precipitate in a sinall quantity' of nitric 
.'icid, and estimates tho phosphoric acid volumctrically with uTiinic acetate. According 
to liis observations, tho excess of magnesium chloride used for the precipitation coun- 
teracts tho solvent action of tho ammonium citrate, and more especially of tho calcium 
citrate, on tho ammonium-magnesium phosphate. 


Analysis of Vkosphoritc.-^^he^ nitric acid acts on a phosphorite, the greater part 
the iron rcmiiins uudissolvod, and with it a small portion of the phosphoric oci^ 
Cold 5 p.c. sulphuric acid dissolves very little iron, and 'all but 0*1 p.c. ot the phosphoric 
acid. Hydrocliloric acid, however, takes up the whole of tho phosphonc acid and 
iron ; for tlio analysis therefore it is best to dissolvo tho phosphorite in hydrochloric 

• T 7 • *1, 

For tho determination of tho phosphoric acid, Frosenius. lieubauer a. Luck 
pTcference to the inolybdonum motliod in all cases whore scientific accuracy is desired; 
ijut for commercial purposes, the following method, which takes up much less time, 
ftnd is sufficiently exact, may be advantageously employed. 

^110 C.C. of 5 p c. sulphuric acid arc taken ; & grams of the very 
phorito arc placed in a mortar, rubbed slowly with some of the acid till to a 

soft paste, then diluted with water, and tiio suspended matter is rlccanted into a 
graduated fbr.2o3.c.c., tho, residue being treated as before. When ^ 

ftnd acid have lioen thus brought into tho flask, tlie whole is nutate 
hme durins four hour.. The* flaekis next flUed np to U>o o. 

251) C.C. of liquid (tho solid matter occupying 3 C.C.); the eolntion 

of the aitrat in a flai* kra/iiuS for 200 iS* to 

;«la. and then aceb’c acid, till it ceaaee to dimimsh *e 5^^. 

fton aiW tothe mark, and the solution after standing ,n the 

O'P'tate to ureighed, aiid reckoned as. feme phosphate. P^J? i_,„iy„enti6nej 

flotion to detuned Vy the iaproved TolumetrK utannm meAo^^u^meM^^^ 

(P 068). Tho knttwn quantity of uranium acetate cmplojea le wium 

»«*« end kept at a temperature of 80»-40® during the titratoon. 
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Analyns qf Superphosphates (Fresenios, Neubauer a. Luck, loc, liuviatioe 

a superphosphate for the purpose of dissolving out the soluble phosphate, the material 
should not be yeiy finely divided, as in that case the quantity of phosphoric acid ivitl 
come out rather too high. The lixiviation is best performed by the method given bv 
Fresenius in his Anleitung snir quantitativcn Analyse, The phosphoric acid mav thou 
bo determined by the molybdenum method or by the method last described. 

Superphosphates often contain * reduced phosphates ’ — that is to say, phosphates in 
udiich part of the soluble phosphoric acid has returned to the insoluble state, in consu- 
quonco, according to some authorities, of the action of monocalcic phosphate on oxide 
of iron or alumina ; according to others, from the action of the same body on undecoin* 
posed tricalcic phosphate. For the estimation of these reduced phosphates, sodium lii. 
carbonate and ammonium oxalate have been recommended. To test the accumey of the 
results obtained by their use, experiments were made on the precipitate obtained by 
lidding exc^s of ordinary sodium phosphate to calcium chloride (chiefly dicalcic phoH- 
phate), -which may be taken as a type of reduced phosphate. Prolonged boiling -with 
sodium bicarbonate removes only about half the phosphoric acid present in this 8ub< 
Btanra ; half-an-hour’s boiling with ammonium oxalate removes nearly all the phos- 
phoric acid ; bub as ammonium oxalate also acts energetically upon natural phospho- 
rite, the results obtained with it cannot be depended upon. A solution of neutnil 
ammonium citrate, sp. gr. I'OO, was found, however, to answer the purpose required; 
it had practicalljmo action on natural phosphorite, and decomposed the precipitated 
phosphate almost completely. 

To estimate the reduced pho.sphatc, two portions of the superphosphate, each wcigli- 
ing 2 grams, are lixiviated with water. ^ In one of the residues tliereby obhiined, tlio 
unattackod and reduced phosphoric acid are determined together {a ) ; the other is 
treated with ammonium citrate, as above described, to remove the reduced phosphoric 
acid ; and in the residue thus obtained the amount of phosphoric acid (&)isilctcnniiu:d 
after ignition with sodium carbonate, in tho manner described for the analysis of phoB- 
phorite. This gives tho amount of unattackod phosphoric acid, and the difference be- 
twooa a and b gives tho quantity of reduced phosphoric acid in the superphosphate. 

11. ^ITuringiton (Chem, Soe, J, [2], ix. 584} finds that tho exhaustion of super- 
phosphates with hot water yields, according to circumstances, sometimes a larger, some- 
times a smaller, proportion of soluble phosphates than exhaustion with cold water. If 
the superphosphate contains soluble aluminium salts, it will yield less soluble pbos- 
phato when boiled with water than when exhausted with cold water : this is sWn 
by the fact that alum added to a cold solution of superphosphate produces no chnoge, 
but on applying heat aluminium phosphate is precipitated. Ferric salts, on the otlior 
hand, mvo an immediate precipitate in the cold. Most supcrpliosphatos contain traces 
of solnble aluminium salts ; those prepired from aluminous phosphates may contain a 
considerable quantity ; the amount, however, depends much on the manner of manufac- 
ture. Tbe solutions of such .superphosphates in cold water become turbid on boiling. 

It appears from the above that tho soluble phosphate should always be oxtrsicted 
with cold water. Tho residue then yields a farther trifling amount of phosphoric aciil on 
boiling, arising probably from decomposition of reduced phosphates. Tho best method 
of extracting soluble phosphate is to take 10 grams of tho superphosphate and olutriato 
them in a mortar -with 1 litre of cold water. Tho water and suspended matter are 
poured into a bottle and shaken at frequent intervals during three nours. 100 c.c. of 
tho solution correspond with 1 gram or the superphosphate. 

The soluble phosphate is usually estimated by precipitation with . arntnonja, 
without calcium chloride, acc<»riing to the proportion of lime In the solution. ^>0 
method is liable to several errors; tho results should be cheeked by some otlier 
method. ^ 

Tho soluble phosphate may be accurately ostimatod by uranium acetate if aluniim 
be absent^ or if alumina has been previously removed as phosphate by ammonium 


acetate. - . ^ 

A method available under all circumstances is to precipitate the solution of 
piioepbate with excess of ammonium oxalate, and treat the filtered liquor contamiDg 
the luumina and phosphoric acid with citric acid, ammonia, and magnesia mixturot 
det^ihing the pnosphoric ai^d as magnesium pyrophosphate. i: ws 

Tha ihsoTubio^hbBpliatos iii superphosphate are genaally eslitimted much 
the trUtk li ft best to determine the total phosphate by one opbraUon, ana w® 
estimaU tibe mhfttbft by deducting the* soluble phosphate; The total pho8|ihav 
be det^in^' by solution in hydrochloric acid, end precipitatiou il,* 

nonia. just sufficient to turn tUrmerih ^ 


\ ^th a small' excess of ammonia, just sufficient to turn tUi^eift 1!^ 
OTdipihe supezphof^bate contains iron or aluminium, the hydroehlmie i " ‘ ~ 

.^txaiiied im ftv as posilble irithout produdng a precipitstei 1 
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«il»equenUy with citric odd and mogneoia mixture 

of “‘“•”8 p™- 

Bimbaura a* Chqnacki {ZeiUchr.anal. ChXi 1870 20ff?di,^n«>hf * phosphate,. 

Comparative exfKWnicnts on tho different motliodi of estimating phSric acid 

sJr^s?£);isrbjT'j™';S”(is' fin's w »* 

KataUlo IPhoapliatOB. P«;«irat/o» of Crystallised PAosphates.—^. Skey (Om. 
AW.xxiijBllhaa prepar^ several phosphates in the crystalline state bymiX 
solations Of the coi^sponding metallic salts with a soluble phospliate, in sich pro* 
^ition that the mixture bMI retain an acid reaction. If the pret^pltato forms slowly, 
it niy Mpniato at once in the crystalline state ; if it appears immediately, it is gelatin- 
ous, but becomes crystallino after a longer or shorter time. In this manner ^e fol- 
lowing ciystullisod phosp^tes have been obtained, most of them resembling native 
rainemls: zinc phosphate (hopeito), Zn»I»0» + 6n*0, and cadmium plios- 
pnato, not known as a natural mineral ; calcium phosphate, Ca-H.®l’“0'* + 311*0 
rhombic, isoinoiyhoua with phaimacolito, havi an acid reaction; chromic phos- 
phate, with 241TO. haring tho constitution of dclvauxin and the colour of clirome- 
aliim ; silver phosphate, ciystallisod only from solution in acetic ncid ; barium 
pliosphate and strontium phosphate. Tho phosphates of copper, nickel, 
cobalt and iron wore not obtained in tho crystalline state, but they form double 
salts with tho phosph.ate of magnesium and ammonium. Zinephosphato forms 
crystalline compounds with the phosphates of cobalt and nickel. 

Action of Sulphurous Acid, on Phosjihates (Gcrland, J, pr. Ckem, [2], iv. 97).— Dif- 
rereiit phosphates are variously acted on by sulphurous acid in aqueous solution : some 
are simply dissolved, whilo others tiro completely decomposed, a siilpliito being formed, 
tind phosphoric acid going into solution. From some compounds sulphurous acid with- 
draws a part of the base, so that from a basic compound a neutral or acid suit is 
pixsluced ; upon others, viz,, tricalcic phosphate, sulphurous acid acts in a way different 
from any of the foregoing. ' 

1. Tricaldum phosphate is easily soluble in sulphurous acid. Concentrated solutions 
apo decompos^ at temperatures aMVO 18°, forming mono- and dicalcium-phosphato and 
calcium sulphite. Both concentrated and dilute solutions aro decomposed into dical- 
emm-hydrogon phosphate and calcium sulphite by alcohol, when placed, at ordinary 
tfimperaturcs, in a vacuum, or more quickly when boiled under diminished atmospheric 
pressure. But by quickly ho.ating and boiling at tho ordinary pressure, crystals are 
deposited consisting of tricalcium phosphato-snlphite, Gh*P*0"S0* .+ 2H*0. 

TJie same substance is deposited as a white crystallino procipiteto when sulphurous 
Aff P’issed into a watery solution in which tricalcium phosphate is suspended, 
ttep complete solution of tho pho.«<phato is effected, tho liquid is quickly boiled, and 
1 C precipitate collected. It differs from tlio above-mentioned mixture of diccalcium 
a-nd calcium sulphite by its great stability; it may bo heated to 110° with- 
om. decomposition, but .at a somewhat higher temperature it is broken up, and gives 
n water5r yajpour, mixed with lulpliurous and sulphuric acid vapour and sulphur. It 
posaosses disinfectant properties in a marked degree ; it is stable, has no smell, is 
stoless, does not affect linen or woollen dotlis, and is obtained in a very convenient 
wm, as a heavy, white, dry powder. A small quantity mixed witli decaying animal 
attor at once removes its bod odour. - Although unchanged in pure air, it undergoes 
re*n when placed in air containing decomposing animal matter. Tho cor- 

pondmg compounds of ^e other metals have not boon obtained. , 

1 ; phosphate dissolves easily in sulphurous acid, the phosphate 

„„ obtainabm from this solutioii, unchanged. All these solutionB retain the 

rIIvTu ^.oy have absorbed with great energy, but tho basic do so more energetic- 

y than the neutral phosphates. _ 
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4. Sasid and neutral fimngdnese phoephate behayo in a simiUr xnaAner to the mag. 
ncsium phosphates. In the cold the smutions yield crystils composed chiefly of tho 
neutral phosphate ; by. boilings the crystalline basic phosphate is precipitated. 

5. Copper phosphate is only slightly dissolved by sulphurous ticid solutions. At 

ordinary temperatures crystals of cuproso-enprie sulphito nro deposited ; by boiling, a 
copper phosphate, probably of the same composition as the original phosphate, is ob» 
tamed. ^ ^ . 

0. Uremium phosphate is but slightly soluble in sulphurous' acid, being dcpo,sito(l 
again unchanged. 

7. Trisodium phosphate up sulphur dioxide vciy readily; and alcohol sopap. 
ates sodium phosphate from the solution. The crystals saturated with sulphur dioxide 
form a solution which, on standing, sopaiutes into two distinct layers, which on being 
shaken, unite to form a homogeneous liquid. 

8. Bismuihic^ stannous, stannic, and metastannic phosphates are in no way acted 
upon by sulphurous acid. 

9. Silver, lead, and barium phosphates are acted upon by an aqueous solution of sub 
phurous acid in the same way as by other strong acids, sulphites and free phosphoric 
acid being formed. 

Aluminium Phosphatcs.-^Amhlygonite ixnd (Doscloizeaux, Comp, 

rmd. Ixxii. 306 ; Ixxiii. 1247 ; Ixxv. 114; Ixxvi. 319. Pisani, ibid. Ixxiii. 1479 ; Ixxv. 
79. Rammelsberg, Deut. Chcui, Ges, Ber. v. 78. See also Chem. Soc, J. [2], ix. 892 ; 
X. 126, 468, 793 ; xi. 481, 1113). The lithio-aluminic fluo-phosphates found alPenig 
in Saxony, and at Hebron in tho state of Maine (U.S.), have hitliSrto been regarded iis 
identical, and designated as iimblygonito. In 1871, however, a mineral of similfir 
composition, but supposed to differ from amblygonitc in tlio relative proportions of its 
constituent elements, and in its optical properties, was found in the stanniferous strata 
of Montobras (Creuse), and was named m onto bra si to. Subsequently this mineral 
was analysed by Pisani, v. Koboll, and Rammelsbevg, who concluded that it was 
identical in composition with the amblygonito of JSaxony ; that from Hebron had not 
then been analysed. More recently, however, Pisani has anal^'sod the American 
mineral, and finds that it is a hydrated fluo-phosphato of aluminium and lithium not 
containing sodium, whereas the Saxon mineral is an anhydrous phosphate of aliirainiuiri, 
lithium, and sodium ; and Bescloizcaux has shown that tho two mhiorals differ in thoir 
optical properties. Further, it is now known that both these minerals occur in tho 
stanniferous strata of Montebras, though in very different quantities, the more abun- 
dant being identical with the sodio-lithio-aluniinic fluo-phosphato of Pouig, the less 
abundant with the lithio-alnminic fluo-phosphato of Hebron ; and it is proposed by 
Hescloizeaux and Pisani to designato the former by tho old name of anddgyoniU, tho 
latter by that of montebrasite. 

Both minerals aro triclinic. Amblygonite incurs in laminar masses, opaque or 
more or less translucent, and having a chill white or faint violet colour. It cleaves 
imperfectly, but with about equal facility, in two directions inclined at an angle of 
about 105° 44', the reflected images from tho two cloavage-surfiwes differing slightly 
in bfightne!»8 ; also in two other directions making respectively with tho two foriner a 
very obtuse angle of nearly 162°. These four cloiivnges determine the faces of tlio 
primary parallolopiped w /, or OP. oo'P, ooP', or 001 110 110, having its right uppor 
edge replaced by a truncation-facd s'. Tho angles of these faces are-^ 

wf-161® 4'; jpmr, 105° 44'; jjf = 96° 20'; 

t'm-08°16'; t'<»06°20'; 

y ^ 152° 5f (calc.), 152° 10' (obs.) 

Montebrasite occurs at Montebras, in small quantity, in greeBiBh-white 
masses, much more transparent than amblygonito ; at Hebron also in laminar ma 
aiid in distinct four-sided prisms. Sp. gr. of tho Montebras mineral *= 3-0 10 ; om 
ftom Hebron, 8*029., It exhibits the three principal cleavages jp, m, t, the angles oetwe 
nhichare^ 

‘ mirnm? to 136«; pm^lOb^ i to 80° Ih 

Tbo angle is nearly the same in both niinerals; biitthe other angleii 

^^S^amSyi^ite the optii axes are eituatod in a pl^c® 

unequal parts'the white angle p»i-74° 16'. Iii the montebiwsite 
oth|i .&and, the plane of the optic axes ie situated iii the obtuse angle 

T«Si« the^! e^ bi. is :p^ qmte normal to w, wnca it giTesnngj#;^^^ 
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and 28® tiJA?. Wie lAa^tor of the coloorod rings shove that in montehiasite both 
Montohiae and f^ Hebron, there cooxUU with the borisontal awell” nAcd1“ 
elinaddie^ion.Md these aw peeuhar to Uie crysbils of the tricUnic eysto. In 
sniWygomte from MontebrM the appearance of tlio bars traversing thocontol rinn of 
(„<jh system mdicatoe very distincUy a tviiated dispersion, which is alsochnincteristSof 
the triclinic system. ^ 

Amblygonite molts easily in the flame of a spirit-lamp, witliout decremtation Imi 
^■ith slight tumefaction, to a white opaline glass. To the blow-pipo lUinJ it imparts 
ft reddish colour, duo to the occurrence of sodium and lithium in about wiuil 

proportions, llie optical proportiea of the amblygonito of Montobras agree ox7etiY 
u’itli those of the Saxon mineral. ^ ^ 

Montebrasito molts before the blowi>ipo to a white enamel, and colours the flame a 
fine rod, ^without any yellow tinge. In the spectroscope it exhibits the lithium lino 
Ilaated in a tube it decrepitates more or loss strongly (especially that of MontobrasV 
giving off water which Las an acid reaction and corrodes the gluss 8trou«»ly (Pisani) 
The difference of chemical composition of amblygonito and montebrasTto is shown bv 
tho following analyses : — ^ 



Amblygonite 

Montcbraslte 

From Montebras 

From Penig 

From 

Moiito- 

bros 

From 

Ilcbron 

Pisani 

v.KobcU 

nam- 

molBberg 

Itammelsberg 

Piiuuii 

Fluorine . 

8-20 


9-00 

10-06 

8-11 

9-44 


6-22 

Phosphoric anhydride 

46-16 

46-85 

45-91 

48.55 

47-58 

48-00 

47-15 

46-65 

Alumina • • 

33-82 

37-60 

35-60 

36-36 

36-88 

36-2C 

36-90 


Lithia 

8-10 

9-60 

6-70 

7*96 

6-68 

6-68 

9-84 

9-76 

Soda 

2-28 


6-30 

kEE 

3-29 

3-29 

— 


Potash 

— 

— 


0-40 

0-43 

0-43 



Lime 














Manganese oxide' 

0-40 



- 

— 








Silica 

— 

— 


— 

— 

— 

— 

— 

Water 




— 

— ^ 


4-75 



100-05 


104-2] 

104*26 

102-97 

104-10 

102-44 

101-82 


Von Kobell (Jahrbuchf. Mineraloffie, 1873, 317) considering that there is some confu- 
sion in tho use of the name moiitcbrasito applied by Descloizouuxtothohydnited lithio- 
nluminic fluo-phosphato occurring at Montobrns and at Hebron, proposes to discard 
this name altogether and designate tho mineral in question as Hebron it e.^ He has 
examined more particularly a specimen of hobronito from Auburn in Maine. ^ Tliis 
variety colours the blowpipe strongly reddisli-ycllott", tho red colour of tho lithium 
being altered by the smalb quantity of sodium contained in tho ininoral. ■ The hobroii- 
ite of Auburn, and also that of Paris in Maine, cxliibit a rather strong greyish phos- 
pliorcscenco when heated. Xlio specific gravity of tho Auburn hebronito is 3'06. Its 
analysis gave— 


TO" Al"(P LI Nft ■ F H"0 

40-00 87-00 3-44 0-79 5*60 4-o0 ■» 100-23 

agreeing with the formula: 3(A1*0*,P*0») + pF» + 2H*0. 

Calcium Pho9phate9. — 1. Native^ from jCanada, occurring in a b^ about five 

wetors thick, partly in crude masses (A), partly in prismatic crystals (B), has been 
Hualysed by R. Hutton (CAwi. News, xxi. 160). Both varieties are partly green and 

bluish-green, partly red. 

Ca"PV)« OaF" OuQ" CaCO" FO^)" H"0 Bond 

A. 86-61 7-22 0*06 4-47 — 0 08 0*10 « 98*64. 3 J42 

90-82 6-70 0-14 0-88 0*40 0-32 0*10 - 97*864 8*106 

On the vide di«MloB of apatite aa a conetitcont of 
^•ZttkeU 8M, 801 j JdkMA.f. 1870. 1343. 1^2% 

BMB. i. ||riw>n ty-MaetelTBe a. giight (Chm. 

* aunenl from to sU^te (let 1087), ocenmng m aggregate* 
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BDd IntQfsoctinff twina of Uio texftgonal fo|m oop . wP, wherein »iP denotes a repr 
obtuse pyramid. Analysis gave numbers agreeing approximately with the formniZ 
5Ca*P«0“.CaC0*CaP » tri j lormuia. 

Ca"P*0“ OttF* CftCO* ro*0»,Mn*0* Na«0 H'O 

83-261 7-683 5'lOi 0‘913 0-691 1'693 * 00*248 

^^On tlie question whether Bta6S3lite is a distinct mineral species, see Jahresb.f, Chetn 

Por analysis of phosphaticS concretions containing calcium phosphates from varioua 
localities, see Jakreab./. Chem, 1870, 1316 ; 1871, J219. 

On the occurrence and formation of the phosphorite found on the Dniester in 
Bussian Podolia, Galicia and Buckowina, see Schwackhbfcr (Mew. fc/hlii 
1^2], 809 ; Chem. Soc. J. [2], x. 66). On the groat phosphoritic zone of llussia see 
Grewiugk (Jahrbuch.f Mineralogie, 1871, 767 ; Cbeyn. Soc. J. [2], x. 58). 

Jione Phoaphatea . — To determine the constitution of the calcium pliosplmto of bones 
C. Aeby {J, pr, Chm. [2], v. 308 ; vi. 169) has analysed bones calcined by a natumi 
process, as they occur in caves and in the form of fossil ivory in diluvial deposits. 
According to liis analysis, such bones consist of 1 mol. orthophosphate, 3CaO.P0* 
1 mol. water of crystallisation, J mol. basic water, J mol. lime in excess, and i mol! 
carbon dioxide as an essential constitiioiit. The carbon dioxide whieJi exists ni tliis 
form may bo driven ofij together with water of crystallisation, by heating to 460®, .md 
cannot bo restored by treatment with ammonium ciirbonntc. After ignition and Addi- 
tion of ammonium carbonate, the weight and composition of the bone phosphates are 
the same as after six hours’ heating to 450®. 

Calcium Phosphates fonmd by Precipiiation. — .E. Eoichardt {Zeitachr. anal Chm. 
1873, 276) finds th.'it when a dilute solution of calcium chloride is precipitated by a 
small quantity of sodium pliosphato, a precipitate which dissolves on agitation is pro- 
duced, the rodissolution being opparently duo to Uic presence of carbonic acid in rho 
water. A further addition of sodium pliosphato reproduces tlio precipitate, audit may 
bo again dissolved by passing a current of carbonic acid through tho mixture. After 
some repetitious of this operation, the liquid deposits shining crystals, which were 
found to bo identical with Boedeker’s tetra-hydratod dicalcic orthophosphate, 
Ca*HSFO».41FO. 

When this compound is boiled with water, it is partially decomposed; tho portion 
remniningundissolved gave results agreeing with the formula, Ca*P“O*.0a“II®.FO“.3H*0, 
and the solution yielded, on evaiToriitiou, a residue wjiich, after ignition, gave 
numbers corresponding with tho formula 40u0.3F-0^. This substance dissolves in 
8325*6 pts. of water. Sod also W. C. Davis {Chem. Soc. J. [2], v. 673). 

ScUvbUity in Carbonic Acid Water. — C. P. Williams (CAm. News, xxiv. 306) hns 
determined tho solubility of various calcium phosphates used in agriculture. Tho 
pulverised material was diffused through a very largo quantity of water, carbon 
dioxide was p^ed through tho liquid for 3vo or six hours aba temperature 60® to 70° F.. 
and tho quantity of phosphoric acid in the filtrate was determined in tho ordinary way 
after supersaturation with nitric acid. 



R. Waxingtoii .(C4em, Soc. J, [2], ix. 80) has made experiments ofi tho solubility of 
boDSHiBli when repeatedly treated with carbonic acid -water. * The materials usi^ iv|e^ 
n coingieroial boi|B-asli containing 33-68 p.c. FO’, and a pure bone-ash oontaiwog 
39*56 p.e. The ash iras drendied with -water, and carbon dioxide ^s passed W 
the water for 10 to 24 hours on three or more successive days, the ash 
from time to time» The water was then poured off and aiialysedi and tlm residue Iw 
each time ves treated in the same manner for the preparotion of toe MotrinS 
tioAi V--.'.- 

• TbU lK>ne-ato piDtaUy oontafned 0a6.2W.M 
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I. Experiments on the SolMlUy of Commeroud Bone-aah, 
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II. Experiments on the Solubility of Pure Ox Bone^ash, 


Found In 10,000 parts of each solation 

Total 
dissolved 
for 100 
originally 
present 
in tho 
Bone-ash 

Kumber 

of 

solution 

I. 

11. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

— 

P-0- 

CaO 

MgO . 

1010 

1- 376 

2- 382 

•634 
1-188 
■626 I 

•5.38 

•943 

•125 

•581 

•010 

■063 

•669 

•956 

•056 

•662 

•892 

•045 

•674 

■874 

•031 

•696 

4-19 

4-63 

06-34 


The whole effect produced by the carbonic acid water upon the piirobono-ash appears 
to have consisted in the removal of but a small quantity of the phosphoric acid and 
lime (the latter in somewhat larger proportion than tho former), while nearly tho 
\i'holo of tho magnesia w'Jis taken up. Tho magnesium salts in bono-ash appear, indeed, 
to be much more soluble than tho calcium salts. Taking tho moan of the last four 
exnoriraonts in tho second table a.4 i-epresonting tho permanent solubility of the phos- 
phates of tho pure bone-ash, wo liavo a solubility of 0’670 in 10,000 pts. of 
ionic acid water ; and reckoning tho phosphoric acid as tricalcic phosphate, the solu- 
bility of this phosphate in carbonic acid water is 1 pt. in 6788. 

Copper PAospAuics.—BaramclsborgCPw;^. Ann. Ixviii. 383) found that, on drop- 
ping 3 mols, cupric sulphate into a liot solution 2 mo^diuarj’ 
a precipitate i.s formed having tho composition 2[(Cu0)*P20 ] + 

According to J. Wciucck {Anfi. Ch. Pharm. clvi. 57). tho prcc;pitato thus formed con- 
tains soda. In tho perfectly washed pnxapitato dnocl at 100 -110 , he tonnd, as a 
mean, 38-32 p.c. P*0», 40-46 CuO, 8*84 Na»0, and Cy75 H-O, giving approximately the 
proportion 4FO» : 9CuO : 2Nn*0.* Horegardsthis Substance as a mixture of several 
compounds, and suggests that other phosphates obtained by precipitation with sodium 
phosphate may also contain soda. 

Magnesium PA According to 0. Popp(ZetteeAt;./. 

ainmoiiium-magnesium phosphate, when heated, always exhibits 
appearanoa of ignition, pioyiSed it is free from foreign jidmixturcs. £ow ^ 
howor. be weScened. mft7 not take place at all,, if tho 

aalte or other salts of magnesium, and especially if it contains a small quantity rf 
silica. Tho glow takes place at a rather high tomperature when all Ao water ^ 

ammomshavf been already driven off, sothat weighing brfore and "**! '*“ 

ciie... Ji».«_ni>unn-mnnnTi Minnot bo du0 to th© conversion oi tilo pnos 



likewise glows when raisea to a siroug r©u ----- ' 

aaiuod by the pss^ of the substance from tho mystnllino to the 
feet. bylurionTanfthatit must bo rowrdod 

•SwcUon, to that which takes place wW Titrrone amorphous Mies 
•aenious <ndde end fueed boric o«ide) assume, under certoin condibone, the cry 


Ithorio add,whcm 
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form. Anenate of nuigneaiom and ammonium dooa not glow when heated, apnarent1« 
b^auso .the magnesia sot free at the same time prevents the fusion of the ^rsenatfl 
Ihe jncandesconco which certain hydratod metallic oxides, as chromic oxide fu'rri; 
oxide, &c., exhibit whoa boated, admits also, according to Popp, of a similar iiitcrnrn. 
tation, which at tlio same time serves to account for the great indiffereuco of 
resulting anhydrous oxides. 

Silver -According to E. N. Horsford (Atnerican GteniUi, j. 284'i 

trmrgontic phosphate, lieatcd to redness with pure fiand, is converted into tlie com. 
8£K>ndiDg motaphosphuto. 

Sodium Phosphates. — ^When sodium pyrophosphate is fused with 1 mol. of boric 
oxide, a phosphoborato of sodium is produced, which, by the action of water or alcohol 
IS decomposed into boric acid and ordinary sod'um phosphate. If tlio pyrophosphate 
be heated with oil of vitriol till vapours of sulphuric acid aro no longer evolved, and 
the product be then dissolved in water acidulated with phosphoric acid, the solution on 
evaporation yields brilliant plates of a salt having the constitution .Na'SO^.IIPOMI-0 • 

Na^P^O' + 2H=SO« = 2Na*SO*HPO» + H«0. 

Sodium phospho-sulpUatOa 


An acid phosphate will give a similar result. The phospho-sulphat.e is pomiancnt 
in ftir. It loses 1 mol. of water at 200°, and the second only at a red heat, wlien it is 
decomposed into sulphuric acid and pyrophosphate. Pnro water resolves it into phos- 
phoric acid and a snlphato. 

^ On tr^ting mctapliosphuric acid with 2 niols. of sulphuric acid, a syrupy iincry.stal- 
lisable liquid is produced, decomposed in.staiitly by water into orthophosphoric and 
sulphuric acid. The solution is no longer ]>recipitatoil by ulbiimin. irenco wo may 
conclude that a double acid corrc.spoiiding with sodium phosphosulpliato has boon formed 
(Prinvault, Coinpt. rend. Ixxiv. 1249). 

_ On the amount of Heat evolved in the Solution of Sodium Phosphate containing 
, different Proportions of Water of Ciystallisation, soo Pfaundler (Deut. them. Gcs. Bcr. 
iv. 773 ; Chem. Soc. J. [2], ix. 1131). 

Thallium Phosphates. — Observations on the isomorphism of those sails with 
the phosphates of tho nlkali-mctala havo been mado by Eammclsborg {Dent. Chem. 
Ges. Per. iii. 276). He thinks it probable that acid thallious phosphate, to which 
Lamyn. Hescloizeaux (Ann. Chim. Vhys. [4], xvii. 310) assigned the formula 
2T1*HP0^.H*0, has really the composition Tl-^HPO^H^O, analogous to that of tho 
sodium salt, NalPPO'.H^O, with which it is isomorphous. MouothaUious ortlwpkf^s- 
phaiSf TIH’-TO*, is, according to Bammclsberg, isomorphous with tho ammonium salt, 
(NH^)=HPO<.^ Lamy a. Hescloizeaux describe a coinpouiid of thallious phosphato 
with ammonium phosphate containing (NH*)“PO*,(NH*)’'TirO*, and- isomorphous 
with the ammonimn salt, (Nn‘)II'‘*PO*. Tho compound prepared by Bamiuolsberg 
^tcooiding to the directions of Lamy a. Hescloizeaux had, however, a different composi' 
tion, and Rammclsbcrg therefore regards the s.'ilt in question as an isomorphous mix- 
ture of (N1P)H*P0* and TPHPO^. Ho regards tho hydrogen in phosfihatos as a so- 
called isomorphous constituent, and supposes tliat phosphoric acid itself is isomorphous 
wiUi the phosphates H*RTO^ Hll=POS E*PO*. 


Tin and Titanium Phosphaics.^QuBtar Eoso {Berl Akad. Uonatsher. Juli, 
1867), by crystallising titanic acid from fused microcosmic salt, obtained flat plates 
which he regarded as anatase. W, Knop, however (Ann, Ch, Pharm. clvii. 883), found, 
by examination with polarised light, tbit they belonged to the rhombic, not to the 
quadratic ejrstem. They, moreover, had a specifle gravity of only 2-0, whereas that 
of anatase^ is 3'800®-3’927°. Further, on fusing tliom with potassium carbonate, 
dissolving in hydrochloric acid, and precipitating with ammonia, the filtrate tos found 
to contain phosphoric acid, and quantitative analysis gave results from which 
deduced tlie formula 3Ti0*.P*0*: he theroforo inferred that tho crystols consisted ox 
phosjj^hotitanic acid. Stannic acid crystallised in like manner from 
. salt, yielded pyramidal crystals consisting of, according to Knop’s analysis, 2 SnO .r*u , 
and,two kinds of cubic crystals, SnO*.F*C)* and 3Snd*.P*0*, according to t|i« propW' 
tions of the materials employed clix. 86). 

O'. Wunder (/. pr. Chem. [2], iv. 330). finds, on the other hand, that all tbfiso com^ 
pounds aiO douhlo phosphates of tin or titanium and sodium. 

* CTa .. 1 1 * I............ 


alone, it yields microsoopic cijrstals which might bo mistekon for cubes trCre it nou 

li'L Ai 1._^- are 


Stannic oxide, mod with a mixture of borax and mierocosmiC saltr yields 
riamids hayi|^\ the miippositicm SnNa*(]?Q*^^^ Ci^mtaihsed Atom mkroceapfo 


their action oh yblairised light j 
times accompanied by the quodr ^ ^ 

tiott of liwgor cxystdfi of this spe<^ showed i 


times accompanied by the qu^ratiepris^ just naje^fon^ ; A 
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rliombehedrons, nnglos cliffbniig from it right angle by somewhat more than 2“. 
TIio formation of tho quadratic prisms is focililatod when the stannic oxido is in rela- 
tively hirge quantity, or when borax is prosent. This is owin^; to tho formatir)n of 
trisodic phosphate, ns was proved liy direct experiment, tho rhombohcdrons Ijoinj? con- 
verted into tho quadratic priam.s, and vice Virsd. according as tho Ilux contained less or 
more phosphoric acid : 

Sn2iVa(PO*)» + Na»PO* = 2[.SnNa*(P0‘)*]. 

ithombohedrons Qfiuulratlo pyramids 

Wander attributes Xuop’s results to tho fiicfc of his having treated hie crystals with 
fused phosphoric acid, whoroby they were partly decomposed and the sodium removed. 

TIic compound designated by Kriop as phospliotitanic acid likewise contains sodium, 
find has a. composition exactly analogous to that of tho rhombohedrfil. tin salt, vix. ; 
Ti"Xa(l^^')*- Tho crysbils are rhombohcdrons, difToriiig hut very slightly from cubes. 

Attempts to prepare tho compound TiNa‘'(PO‘)-, by adding basic sodium phosphate 
totlio required flux, were unsuccessful (Wunder). 

PBTBAXilSZXVS and PKTHAZiZNB. Tho nixmfs pktluihin is applied by Paoycr 
[DchI. Ghmu. Ges, Her.) to certain colouring matters produced by the combination of 
plithalic anhydrido and phenols, Tuonatomic or polyatomic, with elimination of one or 
more molecules of water. I5y tlie action of na.scent hydrogen tho phtlialoins are coii- 
Ybitcd into colourless compounds called phthalius, which, liy oxidation in tho air, 
iiro riH'onverfcwl into phthaleins. Similar colouring matters are formed by tho action 
[jf melJih’c, pyromollitic, and oxalic acid on phunol.s in presence of sulphuric acid. 

The plithaleins of resorcin, pyrogallol and naphthol liave already been described : 
ICO Fluoiihsckin (p. 624). G allkix (p. 534), NAPirruoL (p. 830). 

Phcnol-phthaleint — When a mixture of 10 pts. phenol, 6 pts. phthalic 

inlivdride, and 4 })ts. strong sulphuric acid is heated to r20°-130°, for several lioiirs, 
ircd mass is obtained which, when treatod with boiling water, yields ii resin, and this 
.'usiii is converted by boiling with water into a yellowish powder, which dissolves in 
u)tash, yielding a fuclisine-coloured solution, from which hydr(;chloi'ic acid precipitates 
ho phenol-phthalein in white resinous flocks. Tho formation of this body is repre- 
• riLcd by tho equation : 

C«H*0* + 20«H®0 = + C*®ll»0*. 


Phenol-phthalein is isomeric with phenyl phthalatc : 

C“IP(CO.OC“H»)* C®lP(CO.C«II'On)» ; 

Pbcuiyl plitbalate Plienol-phtbalcin 


nd those two isomeric compounds appear to be formed sirnultiineously by tho action 
1‘ plienol on phthalyl chloride. 

The solution of phenol-phthalein in potash is decolorised by zinc-powder, and on 
Wing sulphuric acid to tho solution phenol-phthalein, C‘®IP“Oh is ppccipifcited 
1 M’liite granules. Tlii.s compound forms with potash a colourless solution, which 
irns red on exposure to the air. 


PHTHAUC iLCZB, C^H^O* « C“H«(COOH)*. This acid is formed by oxida- 
on of naphthaquinono with nitric acid (LJcbcrmann a. Dittlor, Dcut, Che7n» Ges, Derm 

Kkcirolysig , — Tho aqueous solution of phthalic acid conducts the current slowly, 
iro oxygen being ovolvod at tho positive pole. Potassium phtlinlato is easily decom- 
'sod, hydrogen being evolved at tho ne^tivo pole, and tho solution becoming alka- 
ne, while at tho positive pole phthalic acid is soparatod, only n small i)ortion of it 
*iiig oxidised to carbon- monoxide and dioxide, which escape with the oxygen (Bour- 
MUf Ann, Cheni. Phya, [4], xxii. 361). 

^romophthalie acid, C"H*Br.(COOH)^ is formed by heating phthalic acid with 
•oniiae (in the proportion 4 : 6) and water to 180°-200°. A great part of the 
ithalic acid,, however, remains unaltered, and may bo separated by recr 3 ^^t^llllsatlou 
5m water, tho bromiiiatod acid remaining in tho mother-liquor. The Ldter 
'rtod into potassium salt, which is purified by repeated crystallisation from 90 p.c. 
cWiol, and the bromophthalic acid is separated by sulphuric acid and dissohod out 
'Agitation with ether. 


Wni'o^l^te' acid i» awhile powder easily soluble 
«• The C*IPBrO‘K«^+ 2H»0. ob“ 

!!>1» shining deUqnescent aeecUes. Tho barium ttiU, + 2 HO, m ob- 

from H by 2)tthle decomposition, Tho Uad, copper, and 
manner, are anhydrous. The ethylio ether is an oil having a faint yel 
Phirm. cL 66), 
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Dictilorophihaltc acidt OH®Cl*(COOH)*, isobtained by boiling dicbloron'ihi, 
thalene tetrachloride, C'®H*C1*.C1*, with ordinary nitric acid, and purihod by ropejitAti 
crystallisation from water. It dissolves easily in alcohol, ether, and liot water, and scnn. 
rates from the hot concentrated aqueous solution, sometimes not till after a day or u-V 
in faintly yellowish prisms, often intorgrown. It melts at and by repeated 

sublimation is wholly converted into, d i ch 1 o r o p li t h a 1 i c a n h y d r i d o, C^H^Cl-O^ 
which melts at 187°, and resembles benzoic acid in appearance. ' 

Banum dichlorophth^ate, C®II*ClK)^Ba + H*0, separates on mixing an aminoniMai 
solution of the acid with barium chloride, in prisms which are siMiringly soluble iji 
water. The calcium salt, (^"H^Cl^'O^Ca + 41PO, prepared in like manner, forma 
yellowish prisms, sparingly soluble in water (Faust). 

Nitrophtkalic acid, C*ir*(NO").(COOH)*, is obtained by digesting phthalic acul 

fop 24 hours with a mixturo of equal parts of rod nitric acid and sulphuric acid, and 
precipitating with wateyr. It crystallises from etlier in palo yellow prisms, whiel/mfilt 
at 20B^-210“, being partly conveitod at the same time into the anhydride. It dissolves 
easily in water and in other. ‘ By the action of tin and hydrochloric acid, it is con. 
verted into ordinsry amidobenzoic acid, melting at 173°~175° : 

C«H*(NO*)(COOH)2 + 3H* = CO® + 2H®0 + C'»H\NII*).C00n. 

Neutral potassium mtraphihalate, C*f{»(NO®)OaC® + is precipifaitod from 

nquoous solution by alcohol in yellowish needles, permanent in the air, jiiid easily 
soluble in water. From hot 90 p.c. alcohol it crystallises anhydrous. The ajc\0- salt, 
C“1I*(N0®)0‘K + n-O, is precipitated on mixing a strong solution of the neutral salt 
with nitrophthalic acid, in white needles, less soluble in water than the neutral salt. 
The ammonium salt, C*H®(NO-)()*(NII*y-, is formed in large rhombic prisms on mixing 
a solution of the acid in strong ammonia with absolute alcohol, till a turbidity is pro- 
duced. It dissolves easily in water, and crystallises therefrom with difficulty. Tlio 
acid ammonium salt, C*H^(N0®)0^(NH^), sepiratcs on mixing the alcoholic solution of 
the neutral ammonium salt with nitrophthalic acid, in slender yellowish white needles, 
less soluble in water than the neutral salt. TJio barium salt, C‘*IP(N0'^)0‘Ba + a?li-0, 
crystallises from its supersnturatod aqueous solution in shining yellowish liimiiuc, 
containing a variable amount of cryatallisation-watcr. It is but slightly soluble in 
water. The aiuc salt, C“ll'(NO''‘)O^Zn pl®0, prepared by boiling an aqueous 
solution of the acid with zinc oxide, is a yellow crystalline pow'dor. The lead salf, 
C*H*(N0®)0‘‘l*b + pi’O, is a whito slightly soluble precipitate. The silver salt, 
C*H*(NO*)O^Ag*, is a wliite, sparingly soluble pt)wder. 

The neutral ethylic ether, C“IP(NO*)0'.(C®Il*y-, is easily formed by passing gaseous 
hydrogen chloride into the warm solution of iiitrophthfilic acid in al»solute alcohol. 
It is a faintly yellow, scentless oil, wdiieh boils with rapid decomposition, at a teiupc- 
ratiire above 300° (Faust). 

The acid eihylic ether, C*HXN0®)0*.C*II*, is formed on passing gaseous hydrogen 
chloride into the cold alcoholic solution of the acid, and romaius on ovaporating the 
alcohol, as an oil which gradually crystal liso.s. By boiling its aqueous solution vitli 
barium carbonate, a barium salt is obtained which crystallises from water in stellato 
groups of easily soluble prisms. 

Dinitrophthalic acid, C*H^(N0*)®0*. — ^An acid liaving this composition is obtained by 
the action of a mixture of nitric acid and sulphuric acid on nitranisic acid. It is very 
sparingly soluble in cold water, and crystallises from boiling water in colourless rhomhic 
tablets. The ammonium salt dissolves easily in water, and crystallises therefrom in 
stellate groups of thin yellow needles. The Imriwn salt, C*'IP(N0®)®0<Ba, is also nearly 
insoluble in boiling water (Kngolliardt a. Latschiiioff, Zeiischr,f, Ckem, [2], vii. 202) 

Xsoplitliall€ AiOid# V. Moyer (.^7132. Ch. Pharm. clvi. 265; clix. 1) prepares thi> 
acid by the action of sodinm formate on potassium sulphobenzoate : 

®*=isO-^ ♦ H.COONa - HKSO* + gSgxft- 

Hie isophthalic acid thus prepared dissolves easily in alcohol and ether, is nearly in 
solnbla in cold watoi^, sparingly soluble in boiling water, and separates tlierefrom o 
cooling in flocks which melt above 300°. The methylic ether melts at 64°-66°; 
barium salt contains 8 mols. water. 

According to Storrs a. Fittig {ibid, cliii. 283) isophthalic acid (from xylene) di 
solves in 460 pts. of boiling water, and in 7,800 pts. water at 26°. The ethylioj^ 
CW(COOC*H*)*, is a colourless liquid boiling at 285°, and solidifying ® ^ 
radio-crystalline mass. 

mtro-iiopMhalie acid, 0V(N0'>.(CQ6H)', i. ptapati hy b^g 
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Calcium «Uro.i,ophtlmlaie, C«IP(N0>)0‘Ca + 3pP0, is sparinsly soluble i„ cold 
eutur, and reddish on exposure lo light. The barium aatt^ C'*Il*(N0*10^Ra 
+ JJIPO exhibits Bimilnr properties. The ethplic ether is unuffbeted by liW oMn'r 
wlnblo in hot nlcohol, spiiringly soluble in cold iilcohol, nnd in water, fi molts at 

oO.rO 


Amido-iaopbthalio noid, C»II>(Nn«XCOOn)= crystallises from boiliirr water 
ill bimiiim, from solutions containing acetic acid, and from alcohol, in prisms slicbtly 
.toluMo in cold wsitcr iiml in nlcohol. It suhlinius uiulecomposud -wlicn cfiuliouslv 
]i,,itoa, hilt (lccoinpo!-c8 when nipidly honted. It forms very stahJo salts both with 
;ui(Js and with hfisCsS. Tho hi/drochlonde, C'‘H“(Nir‘')0'.lICl + H-0, is easily 
soliilih) ill w'/iter. nearly insoluble in stron'j hj’tlrochloric acid. Thu sulphate, 
[eJP(Nir)0*]^SOVir- + ir^O, cUssolvt^s easily ill waler, and evyslallisos therul'roiii 
ill conccntpiciilly-groupod prisms. Cupyic amido-isophthalatc is fovnmd .is a green 
precipitate of variable composition, when the hydrochloride of ainido-isophthalic acid 
is mixed Avith cupric acetate (Storrs a. Kitlig). 


Terephtballo Acid may ho formed from solid dihromohenzone by tre.ating tho 
latter ia ethereal solution witli sodium and methyl iodide, distilling off the mcLhylic 
(ilicr .and the resulting hydrocarbon after the action is finished, and oxidising tho 
liilter, after it 1ms heon piirifio<l by fractional distillation, with potiis.s!um chromato 
and sulphuric acid (V. Meyer, Bciit. Cltem. Ges. Ber, iii. 753). 

PBTXZAX.XC CB&OKBE. CMI^O^Cl*, is readily oblaincd by boiling gently 
for scvoi’iil days a mixture of 1 mol. phtbalic acid and 2 iiiols. phosphorus penta- 
chlorido to which a little oxychloride is added. As soon as the evolution of hydro- 
dilorie acid ceases, tlic product is distilled from an oil-bath, and the dilorido boiling 
lit 270® is collected soparatoly. It is a yellowish oily liquid, which is heavier than 
ivator, and decomposed by it but slowly. When exposed to moist air, it is gradually 
converted in beautiful monoclinic crystals of phthalio anhydride, boiling at 276® 
(Atlor). 


PBTBAXiirXi, or OXPBTBAXiYXi, C‘«IPO^ « (C*H:<0=)-’, (Ador, Ann. Ch. 
riuirni. clxiv. 229): Phtluilic chloride is very readily acted upon by silver dust; by 
grailiwlly adding 14 fits, of tho hitter to 10 pts. of the chloride, a solid mass is obtained, 
idiicli, in order to finish the reaction, may ho hcatod for Bome time in an oil-bath^ to 
lijU°. The products consist of phtlialic anhydride, a ]X)rtion of which sublimes during 
the hitter operation, a resinous body soluble in alcohol, and diphtlialyl, which is 
isolated by exhausting tho product repeatedly with boiling water and with alcohol. 
I’lm dried residue is then heated in a combustion-tube, tlirough whicli .a slow current 
dry carbon dioxide passes, the diphtlialyl subliming as a light, orange-coloured 
■rystallinc mass, wliicli may bo purified by dissolving it sevoral times in liot phenol, 
uul roprccipitating it by alcoliol. Tho pure coniponnd has a pale yellow colour; it is 
nsolublo in water, 6C.arcoly soluble in alcoliol and etlicr, sparingly soluble in chloro- 
"nn, Crarbon sulphide, and liquid hydrexjarbons. Phenol and cold concentrated 
sulphuric acid aro the ouly liquids which dissolve larger quantities of it. It inolte a 
ittlo above 300°, subliming at the same time in soft felted needles. Tho formation 
tfdiphthalyl is explained by tlio equation : 


2CW 


^COCl 

"COCl 


^co— co„ 

4AgOl + 

^CO— CO^ 


When diplithalyl is heated in a current of air, a subliniate is obtained, consisting of 
>nthalic anhydride, a red resinous body, and unaltered diplithalyl. 


^Ipbthaljlaldeliydlo Aoldt is produced by dissolving diphthialyl in 

ot caustic alkalis ; on the addition of hydrochloric acid to the solution, a bulky 
'focipitiite of the now acid is obtained. After drying it is a white, bulky, indistinctly 
[TsUlline powder; it ia insoluble in water, very sparingly soluble in alcohol, ether, 
'^loroform, petroleum-naphtha, and benzene, but dissolves readily in hot phenol, cold 
sodo, and solutions of alkaline carbonates. , 

when rapidly heated it melts only above S00°, but on heating it for six hours to 
tJ! it becomes perfectly liouid, and then consists of a mixture of phthalic aad, a 
niS ^ipiithalyl, and an Mid which has the composition and melts between 

and 226 ® 
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Neither the free acid nor an^r of its salts could be obtained in the pure state ; the 
solutions of the latter soon deposit microscopic needles of diphtlialyl ; this dccomposi- 
tion takes place quickly on lioatiiig, and the yield is the larger the better the air baa 
been oxcliidccl, whilst in contact with air much loss diijhthalyl is obtiiiied. On adding 
hydiochluric acid to the remaining solution, a mixture of two acids is procipitatod • 
one of them appears to bo identical witli the acid ; it is soluble in absolute 

alcohol and a large quantity of boiling water, from which it crystallises in prisms ; 
the second acid, which is much less soluble in alcohol, is diphthalic acid, 
it is also formed by boiling the sodium salt of diphthiilylaldehydic acid with silver 
nitrate, and by heating diphtlialyl W'ith concentrated nitric acid. 

Blpbtballo Acid forms microscopic needles or plates ; it is almost insoluble in 
water, alcohol, and ether ; sparingly in chloroform, carbon sulphide, and ether, but 
readily in solutions of the caustic albilis and their carbouatos and in phenol. It melts 
at 26d<’. 

Barium diphthalate^ C‘*Il®BaO« + 2H20, crystallises in small colourless plates. 
Silver dipUhalate, C*®II"Ag^O“, crystallises from l^iling water in small ncwlles. A 
zinc salt of constant composition could not be obtained ; the salts of the alkali-metals 
are very deliquescent, and form indistinct crystals ; the copper sidt is a bulky, bluisb- 
whito precipitate, and the lead salt a dense while precipitate. It is very difficult to 
obtain diphthalic acid and its salts perfectly pure, h.s they readily absorb oxygon. By 
boiling tlieir alkaline solution, even in closed vessels, resinous acids and plitbalic acid 
are formed, whilst when the operation is performed in open vessels only the latter acid 
i.s produced. Phthalic acid i.s also formed by lieating diphthalic acid for some time 
with nitric acid, and, together with diphtlialyl and phthalic anhydride, when diplitlmlic 
acid is heated a few degrees above its melting point. 

The formation and constitution of diphthalylalduhydic acid and diphtlialic acid, and 
tbo decomposition of the latter by heat, may bo explained as follows 


Dlphthalji 


( 1 ). 

\C0-C0'^ 


Dlphthnlylalduhyclic acid 

.CO -CO. 

IIONa « 

^co oc^ 

I I 

ONa U 


Diphthalic acid 

.CO— CO^ .CO— CO. 

f21. >C*H* + NaOn + Ag'0=C*E‘C ^C‘H*+n=0+Ag’. 

^ ’ \co co-^ ^co co-^ 


I 

OKa 


.CO— CO. 


Jl 


ONa ONa 


CO— COv^ 

^ ^ ^CO CO-^ CO— CO'^ ^CO^ 

1 I Diphtlialyl 

OH OH 

SloUovodipbtlialyl, C'*H*C1«0<, ia produced by heating diphthnlylvi* pbo^ 
phorua pentachlorido and some oxychloride in aealod tubea for flje bouts w iw- 
It crystallises from hot benzene in rhombic plates molting at 248 , f ^jf 

again at 1 96®. It is almost insoluble in alcohol, but readily soluble i^,_x J 

wth formjition of potassium chloride, and a compound crystallising in hexagonal p » 
probably a dioxydiphthalyl. . 

Diphthalyl dissolves in cold bromine, apparently without change, but on noft i S 
the mixture, hydrobromic acid is given off, and 

is formed, together with a compound containing more bromine. Monobrom^ p 
is easily obtained pure by heating diphtlialyl with bromine and water la 
to 100®. It is soluble in benzene, and crystallises in small hexagonal plates. 

The bye-productsobtained in the proparalaonof diphthalyl always 
acid ; the formation of this add may be explained by assumm^^t the phthaui? 

dichloxide used contained some phthalic monochloride, C*H* {oobl * 


CO-CO>, 
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I 0 order to obtain tin’s monocbloride, plithalic anliydridc -was boated with Romo- 
vhat than 1 mol. of phosphorus pcntochloride. Tlio product consisted of un- 
altered plithalic aiiliydrido, phtlialic dichloride, and the compound pro- 
bably a combination of C®JI* with C*Il‘ ■ It crystallises in long 

plates, melting at 17°. On heating it with sih'er-diist, it yields, besides phtlialic anhy- 
dride and diphth.'ilyl, a considurablo quantity of diphtliulic acid. 

The resinous bye-products contain, besides diphtlialic acid, several other compounds ; 
of these, one having the composition crystallises from boiling water in small 

white needles melting at 240^, with fojmation of phthnlic anhydride. It is soluble in 
ammonia ; silver nitrate pr«Jihices in the neutral solution a white precipitate having 
t!u! composition C‘®II“'Ag-0® ; the corresponding barium salt is obtained by dissolving 
the acid in baryta water, and evaporating the solution in a vacuum. It crystallises 
in small plates having the composition C’®H'®]laO'> + 11-0. When the ainraoiiiuni 
salt is boiled W'itli silver nitrate!, reduction Uikes place, and a conipoiunl having the 
properties of diphtlialic aciil is formed. The compound C'®11'"0‘ is therefore an aiihy- 

drido, cither C'H< {c?p.o.Co} fcO.O.TO } " probably 

formed by tho action of diphthalic acid on dipbthalyl : 


PXCOUSriSp C®K’N. On tho occurrence of this base and its bomologues in 
tobacco-smoke, see Tobacco. 

ricolino is formed by heating allyl tribromhlo wdth ammonia, dibromallylamino 
Imiiig formed in tho first instance, and siibscqucnlly resolved into hydrobromic acid 
and picolina (Ador a. llaoyer, Jahresb.f. Ckem. 1870, 807) : 

2C=‘II®Br* + Nil® « 4nBr + NH(C>II*Br)* 


and NlI(C®H^Br)® = 2HBr C^IPN. 


Tho formation of picolino from arrolein-ammonia is noticed in the Sujipl* 
(p. 944). According to Claus {Ann, CL Pfiarm, clviii. 222), it is not a direct product 
of tho decomriositioh of acrolein-ammonia, but results from tho secondary docom- 
position of a non-volatile base, which is formed in tho first instance and partly distils 

over unaltered. , . . , . • j * u* u 

Oxidatwn~2^rodncis.^Vko\\no is not acted on by nitric or cliromic and, oven at nigu 
temperatures, but permanganic acid and the potassium salt act upon it with consider- 
able energy. When 150 grams of potassium permanganate, 25 grams of picoline, and 
1* litre of water were heated nearly to tho boiling point in a flask with reversed con- 
denser, a violent action took place, rendering it necessary to remove tho source of heat ; 
tho rccluctiou of tho permanganate was completed iu half an hour. 

Tho products of this renction arc ammonia, probably a small quantity ot pyriaino, 
ciirbonic, nitric, acetic, oxalic, and a mixture of acids, amongst which dicarbo-pyri- 


donie ftcid, predominates; this body, after eoveral rocrystallisa- 

tions from water, was obtained in colourl^ plates resembling naphthalen^ It is a 
bibnsic acid ; the neutral ammonium salt is extremely ^lublo in wa or , * i • ^ 

is less soluble and erj-stallises in fine silky need es. The 
and zinc salts nro alsb readily soluble. The banuro ana «vlcium salts, 
soluble, were obtained iu minute prismatic noocUos by adding s^idly 

to a solution of flic neutral sodium or ammonium salt, 
characteristic ; it is obtained ns a white gelatinous precipitate, 1 s 
water, and not visibly adjected by exposure to light. weicht. 

The oxidation of picoline likewise yields another ncid of higher molecular weigni, 
which still remains solid at 220° (Dewar, Che?H, NewSy xxiii. 38). n 

Small quantities of picolino and its homologucs hare been foun 
I^iuuer (SeiU. Chcni. Ber, iii. 76) in tho ‘ first runnings of spirit 
^ZCUO Acza. On tho Thermic Relations of this compound, see Heat (p. )• 

petcction in Re«r.— According to Sorby (^k. ef. of ^Tha picric 

acid may bo very distinctly recognised in beer by on^of the spectrum, 

acid extracted by ether shows an absorigtion band nt ^ho blue end of ep 
On tlie use of Picric Acid as a Precipitant for Alkaloids, bw p. . 

.^XextOTOamr. According to J. 
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experiments, and seemed to be greater tlio longer the mixtures of alkali and picrotoxin 
wore heated in contact >vith the air. From the experiments of Barth ( 1 a^. Suppl. 643 ) 
and his own, Gaabe infers that picrotoxin is neither iiii acid nor a glucoside; and thiit 
it unites with bases only after having taken up water, or sometimes water and oxygen, 
Some of the experiments indicate the oxistoiicu of acetyl-derivatives of picrotoxin and 
of its hydrates and oxygen-compounds. 

KlTACOXilC AlkCOKOK, C«H»0 == (OH»)2GOH— OH(CIl»)*, (Friedel a. Silva, 
Comp>t, rend. Ixxvi. 226). This alcohol, isomeric with hexyl alcohol, is produced hy 
treating pinacolin with sodium in presence of water, Jigitsiting the white substance 
thereby formed with water, and distilling the resulting liquid. Pinacolic alcohol then 
passes over .as a liquid having a camphorous odour, boiling at 120‘5", and of sp. gr. 
0 8347 at 0'^. It solidifies at low temperatures to :i mass of long silky noodles melt- 
ing at 4®. Troated with phos^pliorus iodide^ or hydriodic acid, it yieUls the iodide, 
CIII'®!, a liquid boiling jit 1 ami having a sp. gr. of 1‘4735) at 0°. Heiitd 
wirh wafer it partly decomposes, yielding a hexylene which boils at 70°. With stilve-r 
acetate it yields pinacolic acetate, boiling at besides much hexylene. 

The chloride, obtaiiiod l)y the action of hydrochloric acid on the alcohol at 100° in 
closed tubes, boil.s at 112-5°-ll 4*5°, .and has a den.‘<ity of 0'8801 at 0°. 

By carofnl oxidation of the alcohol with potjissiuni diehromato and sulpliuric noid, 
pinacolin is reproduced. Pinacolin itself, when submitted Ui oxidation, yields a 
volatile crystalline acid melting at 20*^. 

The crystalline residue left in tho retort after the removal of the pinacolic alcohol 
by distillation, melts at 69°, and is a pinacone of pinacolin: 

2C«IP*0 4- 11* « 

Tho molecular complication does not stop at pinacolin, so that by starting fi-orn 
acetone it may bo possible to obtain a series of these compounds by successive dupli- 
cation. 

PZlffACOIfflli C^II^^O*. AVlion hydriodic acid gas is passed over pinacone con- 
tained in a retort connected with a reversed condenser, tho gas is absorl>eil, with great 
evolution of hoat and liberation of iodine. The saturation is completed by gently 
warming tho liquid; the contents of the retort are distilled; the distill a tis washed wiih 
aqueous potash and water — no organic acid being thereby dissolved ; and the product 
is dried with phosphoric anhydride and distilled. Tho liquid begins to boil at 40°, 
impure isopropyl iodirle piisses over at 88°-96°, and thcro'rumains only a very sniaU 
quantity of a residue boiling at a higher temperature. By heating tho crude isopropyl 
iodide for 16 hours with ten timc.s its volume of water, f,thB of it is dissolved, a heavy 
oil* remaining undissolvcd. The aqueous solution contains isopropyl alcohol, 
which when separated and dried boils at 80^-82°. 

When tho portion of the crude product of the action of hydriodic acid on pinacone 
which boiled below 88° was heated to 100° for sixteen hours with ten times itsvuhiinu 
of water, a small quantity of a colourless very volatile hydrocarbon was obtained, whidi 
distilled botwceen50° and 72° (tlio greater part at 70 °), and gave by analysis numbers 
agreeing with the formula of li e x a n 0 . C'*ll* 

It appears, then, that pinacone is converted by hydriodic acid (as hy dilute acids) 
into pinacolin, which is farther resolved into isopropyl alcohol and hexiino : 

IPC^ _CH* H»G.. 

2 HO —'ijC— + ■■ 3H« - 2 HO + C‘H'* 

H'C/ '^OH* H»0/ 

Pinacolin Isopropyl Sexane 

olooliol 

(Linnemann, Wim. Akad, Ber, [2 Abtb.] Ixiii. 255). 

VZMTOZiZnr. a light oil obtained in the distillation of ' losin-oil.’ 

VZFB»OirA&, C>H«0>, and PZVaBOmrUC AOZB, These Wics, 

whicli stand to one another in the relation of aldehyde and acid, o-r® formed by tne 
oxidiaing action of potassium permanganate on piperic acid. They were first 
by Fittig a. Mielck, who studied many of their properties and reactions, 
examination has been continued by Fittig a, Kemson. The prindpal results <« these 
researches have been detailed in the First Sup^riemont (pp. 947-949)* The 
are additional results obtained by Fittig a. Itomsen (Ann, Ch, Phmrm. clix. l^*^* 
Chsm, 80c, J, [2], ix. 036). . . . j a w- 

Action of Baryta^water, H^drcchloriG add and Water, on PiferonyUc ^ 

ing aqueous solution of barium hydrate does not act on piporonylic hcid. BiW 
hydrochloric acid decomposes it at 170*^ into protocateehuic acid and free carbon • 

C»H«0» - 0 + 
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Water acts in a similar manner, l)Ut the decomposition does nob take place below 210^ 
at which temperature the protocatcchuic acid is resolved into carbon dioxide and pyro- 
catechuic acid : 

C + CO* + C-H-O*. 

Plperonylic Pjto- 

ocid cntx!cbia 

In like manner piporonal heated to 200® with very dilute hydrochloric acid (10 or 12 
vols water to 1 vol. of'tho concentrated acid) is resolved into carbon and protocatechuic 
aldehyde: C»n*0* - 0 + C’H«0>. 

JLction of Phosphorus pentachloridc on Piperonylic acid. — The action is similar to 
that which takes place with piporonal Supph 048). When 1 mol. piperonylic acid 
is heateii with 3 mols. PCI', hydrochloric acid, phosphorus trichloride and oxychloride 
are formed, together with an oil which, when treated with water, yields dichloro- 
piporouylic acid, 011*01*0*, and this -when heated is completely resolved into 
hydrochloric acid, carbon dioxide, and protocatcchuic acid : 

+ 2H*0 = 21IC1 + CO* + CU1«0‘, 

affording a proof tliat the compound formed in like manner from dichloropiperonal is 
rc'dlv protocatcchuic aldehyde. . 

The experiments above mentioned, together with those described in the hirst &upple- 
iiiciit, .•show that in pipcronal the two oxygcn-atoina not belonging to the aldehydic 
irrmii) CHO, occupy a peculiar position, .uni that tlio formula previously assigned to 
tliis body must be rejected. The structural formulae of pipcronal and piperonylic acid 
mwt in accordance with the reactions of these bodies are the following : 

C-h 4 o^‘^“’ 

(cno lcx)0H 

rciOTSonting piperonal as the methylcnic other of prot^te^uie aWohydo, and piiwr- 
oiivlic aeid as roothylonc-protocatochuio acid. When those bodies are subjected to the 
iiftion of phosphoms pontachlorido. the aldohydo-gcoup, OHO, of the one, and the 
carboxyl of tho othoFi are first attacked, yielding . 


C*H* 


>CH*, 


and 


Icoci 

Fipcronyl chlorido 


(CHCl* 

Flpcronal chlorido 
Those bodies can lose uo more onygon by the action of 

any further action must result in tho replacement of hydrogen bychlonne, producing. 
IcHCl* VCOCl 

DtcbJotopiperonal 

chlondo 

thoir Cl* for 0, producing : 

o-h4o> 0' -d c*hM 

IcHCl* . . 

'«»'lnch immediately split up on contact with water, yielding respectively protocate 

aldehyde and protocatcchuic acid. the constitution of methy- 

^ synthetically by 

|ene-protocntcchuic acid is proved by tho fact th.-it ^ i,vdrate and U mol. methylene 
heating 1 mol. protocatechiic acid, 3 mols. of ofo w^^^^ 

lodulo in a sealed tube for several hoiiw, , pnntents of the tube with alcohol, 

^ UO® in an air-bath. On treating the ® to decompose any methy- 

Jcjitiiig tho extract thus obtained with potosh ^ have form^ then adding 

Wther of tho methylene-protowtccW .wid Iha^^^ thereby produced. 

hydrochloric acid, filtering recryBtallieaUon, trea-p 

tnd evaporatiDg the filtxatoi dystals are.ODtainoa w 




'^co 
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ment Tnbb animal charcoal, and snhlimation, exhibit tho melting point (227^) and all 
the other characters of piporonylic acid (Fittig a. Bomson, ZciUchf* Ckem» [2], vii 
280). 


In a precisely similar manner othyleno-protocatochuic acid, 




ICOOH 

may be prepared by heating protocatcchuic acid with ethylene bromide and potiissium 
hydrate (Fhtig a. Macalpine, ihid. 291). See Piiotocatbciiuic Acid. 


PXTTXCZTE. A specimen of this mineral from Bodruth in Cornwall, analysed 
by A. H. Church (CArwt. l^civs, xxiv. 99), exhibited the composition given under A; 
and, assuming that all tho water driven off at 100® is hygroscopic, those numbers may 
bo reduced by calculation to those under B : 


A. 

ipo.tio3» n-outu*- 
. 8-76 7-53 8*63 

Fo"0* 

32-54 

As»0» 

33-09 

P*0" 

1-27 

SO* 

7-28 « loo 

B. 

. — 17-71 

35-67 

37-2a 

1-39 

7-98 = 100 


W. Giimbel {Munch. Akad. Her. 1870, i. 195) has analysed an iron sinter reaemlmng 
pitticite, imbedded, in lumps of tlic size of a man’s liead and having a pitchy lustre, 
in a crumbling brown hncmatito which fills up a cleft in the fresh-water limestone in 
tho Spitzberg in tho Bios. From its mode of occurrence Giimbel infers that it has 
boon deposited from a spring, «and ho remarks that arsenic is found in many vitreons 
deposits from Still active springs. The deposit coutnined phosphoric iicid and 2‘28 p.c. 
calcium carbonate. A complete analysis by Putz gave : 

As-O* Fe-0" OiiO MpfO IJiiO 11*0 X* Yf 

31-3 280 100 008 315 2G'3 2-6 1-8 = 0803 

* Insoluble in h^'drochloric ncld, amounting in some specimens to C p.c., and consisting chiefly o£ 
ferruginuus clay. + Loss and CO". 

FlbiiTZirirK. Fusibility, — ^W. Skey {Chem, Fews, xxii. 268) obsen'ed tliatpbiti- 
num in the form of fine wire may bo fused in an ordinary blow-pipo Hamo if Iho loss 
of heat by conduction bo prevented. 15. J. Cliapmiin {ihid. xxiii. 33) remarks tbiit this 
fact has long been known, being mentioned in Flattner’s ‘ Probirkunst,’ p. 10, in Lenz’s 
* Iiothrohrschule,’ and Bruno-KciTs ‘ Leitfailen.* 

U. Violctto {Compt. rend. Ixxv. 1027) stat.e.s that ho has fused platinum in an orli- 
nary furnace without tho aid of a blast, and describes the furnace in wliich tho fusion 
was effected, l^uinas {ibid, 1028) suggests that tho platinum may have contaii:r:cl 
traces of carbon, silicon, or sulphur, all which substances are known to lower its melt- 
ing point considerably. 

Action of Hydrogen sulphide and Alkalis. — Skny finds that platinum immorsod in 
aqueous sulphydric acid or ammonium sulphide becomes covered, like gold (p. 673)i 
with a layer of sulphide which protects it from tho action of mercury ; tho film may. 
as also in the case of gold, be removed by chromic acid. Platinum, iminersod m a 
solution of ammonia or a fused alkali, becomes coated with a film of oxide which liko- 
wiso completely protects it from amalgamation. 

Platinwn- Black. — E. Smith {American Chemist^ 1872, ii. 291) prepares platinum- 
black by reducing potassium platiuochloride with hydrogen, dissolving out the potas- 
sium chloride with water, and drying tho residue at a temperature not above 100®. 

On iho Separation of Platinum from Iridium, see IniDiuu (p. 681). 

On tho Alloys of Platinum and Jjoad, boo Lisad (p. 729). 

Cblorldes. According to Mather {SUl, Am. J. [2], xxxii. 262), platinic chloride, 
crystallised from aqueous solution, ^has the composition PtCl* 10 lPO;_ accordniff 
to a more recent analysis by Bode'ekor iJahresh. f, Chem. 1872, p. 277) it contains 
PtCl* + 8K*0. H. Lawson (Zcitsohr.f. Che7n. [2], vii. 615]) states that, according to 
analyses by Protopopew, the chloride svpaT.ated in largo prismatic crystals 
nquoous solution evaporating in tho exsiccator, has tho composition PtOP + 

It is remarkable tliat those ci^'stals, in spite of their large amount of water, deliquos 
very quickly on- exposure to the air. .-i 

A new hydrate of platinic chloride is described by S. A. Norton (J, pf* Chem* 
ii. 469). When 1 mol. platinic chloride in aqueous solution is mixed with a solu 
of 2 mols. silver nitrate, tho double chloride AgCl.FtCP, described by 
(la^ 8uppL 062), soparates out. Tho filtmte, whi^ is free from silver, gives off 
on evaporation, ana if then loft over sulphuric acid, deposits 
erystaJs which appear to be monoclinic, and contain nothing but 
in the proportion to form the tetrochlorido together with water. This hydratoo cm 
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does not deliquesce in tlie air; when mixed with sal-ammoniuc it f^radually, after long 
Btsinding or on lienting, deposits ammonium platinochloride. It is not produced by 
evfiporating a solution of platinic chloride contoining excess of hydrochloric acid. 

A compound of platinic chloride with alcohol^ lf’tCl\2C“H*0, is obtained by evapor- 
ating a solution of tJio chloride in nhsoluto alcohol in a dry vacuum. It then remains 
as a crystallino reddish-yellow mass, whicli is extremely deliquescent, and dccomposos 
at 60° (Schiitzonberger, Compt. rend. Ixx. 1134). 

PlatosocbloroBulphiteg (Binibaiim, Amu Clu Phar^n. clix. 116).— The 
formation of platosoclilorosiilphurous acid, Pt" jgQsjji the action of Bulphurous 

acid on ammonium platinochlorido, is noticed in the Is^ Sitppl. (p. 1066), where also its 

< Cl 

ammonium and potassium salts are described. The sodium saltj Ft 

+ H®0, obtained by nontra]i.sing llie free acid with sodium carbonate, forms shining 
orango-colourod needles. The calcium and maqncMum mlts^ prepared in like manner, 
{iro extremely deliquescent, sothatl.hoy CKniiotbo obtained in distinct crystals, hut only 
as felted masses of fine needles. The magnesium salt especially lias a beautiful satiny 
lustre. The analyses of theso salts (disregarding accidental admixtures of NH^Cl 
and 11^0) led to the formulae: 

Cl— Ft— SOV Cl— Ft— 

^Ca, and 

Cl-Pt— SO*' Cl-Pt— SO»-^ 


On noutralising the acid with caustic bai^ti, barium sulphite is ^rst formed, and 
afterwards small roddisli-ycllow crystalline leallets having the composition : 

Cl— Ft— 

^I3a + BaCF + 6NII*Cl + 3H*0. 

Cl— 

By acting on ammonium platinochlorido or ydatosochlorosulphurous acid with acid 
nninionium sulphate, both the chlorinc-atoms of plntinoiis chloride may be replaced by 
the group SO*H. In the former case beautiful coloirrlc.s.s prisms nro obtained which, 
vhen neutralised with potassium carbonate, yield a salt having the composition 

^*^JS0*K “*■ + 31PO; the original acid compound probably had the com- 

position PfcjgQjji; + SO* I ^^^* + 411*0, which indeed W71S confirmed by the platinum 

del ermiiia lion. The salt Pt(SO*H)*.2Nff Cl + 11=0, formerly dc.scribod by Birnbanm 
(Jff^ Suppl, 1066), ho was not able to reproduce. By treating plntosochlorosulphurous 
Jicid with acid ammonium sulphite, colourless pri.sms are obtained represented by the 
formula Pt(.SO*NIF)-'.2NTr<Cl, and agreeing very nearly in percentage composition 
with tho salts formerly dc.scribod. When sulpburous^ anhydride is passed for 
KOTuo time into an aqueous solution of amnionium plalinochloride, and the liquid 
is iieiitralisod with sodium carbonate, thti salt, SO*Pt.3iSO*Xa-, first described by 
Litton a. Schnederniaii (v. 649), is produced. Birnhaiim regards tins salt ns 
Pt(SO*Na)*.3SO*Na». 

:Platinooarbonyl Cfalorldes (Scliiitecnbergcr, Chim, Phys. xxi. 
360). Platinous chloride unites with carbon monoxide, forming the following cora- 
pounds : 

Ck _ 

Flatiuocarbonyl chloride, ^ ^Ft«_CO 


Cl 

Flatinodicarbonyl chloride, 

Cl^ ^CO-FtCl* 

Flatinotricacbonyl tetrachloride, 


.When spongy platinum is heated to 240°-250° in a K^'*^®** con- 

^Klo dry chlorine « 

'^cpted into dichloride, that is to say aa long as the chlorine continues to bo aD&oroeu, 
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and the stream of chlorine is then replaced by carbon monoxide or a mixture of that 
gas with the dioxide, the cold part of the tube becomes coated with a mixlure of tho 
second and third .compounds aboA’o mentioned, and from this mixture the pure com- 
pounds may be prepared. 

Platinocarhonyl Ckloricie^ OPPtCO Carhvnyl cMoroplatiniiA 

is obtained by heating the crude product to 160®, the di- and tri-carbonyl comptnimls 
then giving off carbon monoxide. Heated to 240® in a stream of carbon dioxide it 
sublimes in long golden-yellow needles which melt at 106® to a Irunsparent orano-o. 
yellow liquid. It dissolves in hot carbon tetrachloride, and separates in noncllcs'on 
cooling. Wafer decomposes it into platinum, carbon monoxide, and hydrochloric ncid 
but tho reaction is not dchnito, and part of the platinum remains in solution. With 
nlcofiol it yields cthylic. ciilorocarbouato. At 300®-400® it is resolved into platinum 
and carbonyl chloride, part of it, however, subliming iindecom posed. Heated in a 
stroeim of carbon oxide to 160®, it is converted into platino-dicarbonyl chloride, and at 
250® the tricurbonyl compound is also formed in considcritblo quantity. 

Plati?io~dicarbonyl Chloride^ CPPt— C-O- {^Diciirhonyl cMoroplatinite^^ is ob- 
tained by heating tho original crude product in a stream of carbon oxide to 150°. It 
sublimes slowly at that tcmpcTaturo in an atmosphere of the same gas, in white 
needles which melt at 142® to a yellow transpni-ont liquid solidifying in long needles. 
It is decomposed by n-atcr into platinum, hydrochloric acid, carbon dioxide and earboii 
monoxide; gives off carbon monoxide at 210°, and i.s converted intopbil tno-tricarbonyl 
tetrachloride; and when heated ti> 150® in a stroan» of ckforine^ givo.s off carbotiyl 
chloride, and yields a dark red liquid which solidifies at 120® to a red translucent 
amorphous mass containing 66*4 p.c. platinum and 22*4 chlorine. 

Platino-tricarhonyl Tetrachloride, CPPt*C®0* (Scsquicarbonyl chhropIatU 
niie). — This compound is obtained in tlio pure state when the crude product is treated 
with boiling carbon tetrachloride, and tho first crystellisationa are collected apart ; it 
is much more soluble in that liquid than tho dicarbonyl compound, and cryslnlli.scs 
therefrom in slender yellow needles which melt at 130®, and are converted at 250°, 
with lo.S8 of carbon monoxide, into platinociubonyl chloride, Cl“PtCO. AVater and 
alcohol separate platinum from it, in tho former case according to the equation : 


ClWC»0» + 2H»0 « 4HC1 + Pt- + 00 + 2C0». 


Heated in an atmosphere of carbon monoxide, it is permanent, like the dicarbonyl- 
compound, even at temperatures at which, in an indifferent gas, it would bo oonvertud 
into CPPtCO. 

Platino-ethylene-carbonyl Ohio fide. — Ethylene-carbonyl chloroplatlnite 
roplatinite eTkhylene carbonyle). When dry ethylene gas Is passed over platitio-monocar- 
bonyl chloride licatod te 96®, it is absorbed, and a yellow liquid is formed, probably having 
^CO . 

the composition CPPtc U the heat be raised a little above 06°i hydio- 

chloric acid is formed, and at tho end of the reaction there remains a derk-colourod 
product insoluble in water and not decomposed thereby. Its analysis^ led to tho 
formula C*H*Cl.Pt.CO, whence it should be formed according to the equation : 


CPPtCO + C*H« « HCl + C*H»ClPtCO, 

Platinocarbonyl Blamlnes (Schutzenberger, loc. cit) The mono- and di- 
carbonyl chlorides above described are attacked by dry ammonia even at ordinary 
temperatures, but tho alteration is incompletoand merely superficial ; if, however, the 
temperature bo raised to tho melting point, a thorough decomposition takes pwee, 
attended with formation of sal-ammoniac and separation of platinum. If the remion 
be moderated by passing dry ammonia-g.aB into a solution of platinocarbonyl chlonae 
in carbon tetrachloride, the liquid becomes decolorised and deposits light 
consisting of platinocarbonyl-diamino hydrochloride, (NH*)*PtC0.21iU. 
Platino-dicarbonyl chloride, treated in a similar manner, yields platino-dicarbonyl- 
diamine hydrochloride, (NH0*PtC*O*.2IICL . , . . 

Both these compounds melt when heated, and are resolved into platinum, sai- 
ammonioc, nitrpgen, hydrogen, and a pungent-smelling liquid which, when teeate 
with water, yields hydrochloric acid and a volatile acid which redtices silver ^Its* an 
is therefore probably for mi c a c i d . Schutzenberger supposes that the volatile 
is formyl chloride, CHO.Cl. It is produced in a small quantity only, and oxw 
does not appear at all, being resolved into hydrocdilorio acid and carbon xnonoxi 
Its formation may perhaps be represented by the equation : 

(NH*)*PtC0.2H01 - NH^Cl + N + H + Pt + CHO.Cl. 
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‘Water decomposos the hydroclilorido of platinoearbonyl diamine, according to the 
oquahon. (NH»)»rtC0.2HCl + H«0 = 2NH'a + CO« + Pt. 

pboepboplatiiilo Compounds (SchuUenborger, Butt. Soc. Chim, [2], xiv. 
178 ; xvii. 482 ; xviii. 101, 148). liiudrimont obserred that platinum is attacked at 
about 200° l»y phosphorus pcntiichlopido, forming a brown substance which he regarded 
jis a compound of phosphoric chlorido and pbitinic chloride, 2PCP.PtCl* (iv. 512). 
iSchiitzcnbergor, liow'over, lias shown that this body is really a compound of phospho- 
rous chloride and platinous chlorido, funned according to tho equation : 

Pt + PCP = PtCP.PCl*. 


This compound, analogous in constitution to platinocarbonyl chloride, PtCP.CO, is 
capablo, like the latter, of Uking up diatomic groups such as PCP, CO, C*1P, CP, &c., 
iincl forming compounds such iis PtCP.P^Cl®, PtCl“.PCl*.CO, &c. . 

iSchiitzonbcrger designates the compounds PtCP.PCP and PtCP.P'-Cl* as phospho- 
platinous chloride and j)hospluipla.tinic chloride ; but as the platinum in both of them 
IS tctiatomic, it is better to name them phosphoplaiimc and diphosphnplatinic chloride. 

These two ehloricli'S easily exchange tho chlorine which is united to tlio phosphorus 
for livdroxvl, the lirat yielding a tribasic and tho second a sexbasic acid ; but the two 
chloniic-arLnis iinite<l with the platinum resist the action of w’atcr, and behave like the 
clilorino of nieUilIic. chlorides, being roplace<‘ib1o by acid radicles. 

In iiceordance with these facts the composition of these chlorides may bo represented 
by the following structural formula:, in both of which tho platinum is quadrivalent 
and tho phosphorus quinquivalent : 

CPPt-PCP CPPt ::;'' I 

^PC1» 

Plmsphopl titinic DlphoRphoplutinlo 

chloride. chloride. 

^Vh()nphosphoplatitIic chloride hikes up a bivalent group, tho double linking between 
tho phospliorus and platinum is severed, tho bivalent group thus introduced satisfying 
tlio platinum by one of its atomicities and the phosphorus by tho other, e.g. in tho 
formjiiion of diphosplioplatinic chlorido by addition of PCI*. 



Monophoaphoplatinic Compounds, 

Chloride, Clspt=:PCP. This compound is formed by heating thoroughly^dried 
'poiigy pliitiniini and phosphorus pentiichlorido in molecular proportion to 260 in a 
.oe^-noL'ked flask, continuing tho heat for half an hour after the first action is over, 
luil t lioii docanting tho fused mass to separate a small quantity of uncombined platinum. 
)t\ cooling, a rod-brown crystallirio mass is obtained msule up of felted needles It 
lie liquid portion bo decanted before tho whole has solidified, tho ftisk will be loun 
iiicil with a druse of splendid largo noodles grouped in tufts. J he compound may 

ilsol “ • • — 1 

Pli 
nolt 

icnzmie, and 
:autiously heated 
'Mciride; when qi. 

:‘latinnm, a small portion also volatilising unaltered. - 

Pliosphopbitinic chloride gently heated in a stream of chlonno, hikes iiP 2 atoms ol 
■hlorino, and forms a yellow powder which has the composition Cl Pt -j 

•Csolvod lit a halt helow 200“ into phosphorus trichlondo nnd platinum ’ 

I’hosphoplatinic chloride dissolTCS rapidly in tenter, forming a aolution which con 
^ins hydrochloric acid and tribasic phosphoplntinic acid. 

ClTt=POl* + 3H*0 = 8HC1 + ClTdFCOH)* 

I'" TOior removing only threo-ilfths of tho chlorine. AlcoM» act in the samo manner, 
iirinitig phosphoplntinic others; 

fi|“Pt~PCl* + 8(C*H*.Otl) — 3HC1 + Ol'Pt^JCOC^H*)’. 

is likewise attacked by phosphoplatinio chloride, with eydurion of hydio- 
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chloric acid and formation of a syrupy substance soluble in water. With acetic aei^. 
the products are acetyl chloride and phosphoplatinic acid : ’ 


Cl»Pt=rCl> + 3(0*Ii»0.0H) « 3C2H»0C1 + Cl*Pt=P(OH)». 

Amm>nia and alcoJiolio amines uhito directly -with phosphoplatinic chloride, forming 
complex bases which will be described further on. ^ 

Phosphoplatinic chloride unites directly with phosphorus trichloride, forming di. 
phospliopiatinic chloride, Cl-Pt=i”Cl*. 

Mosplioplatlnio Aoid, Cl^t=P(OH*). This tribasic acid is obtained by dig. 
Boh'ing phosphoplatinic. chloride in water, and evaporating the solution in a vacuum. 
It forms oratjgc-rcd prismatic crystals, very deliquescent, and having a tnsto both acui 
and mebilJic. Silver nitrate produces in itfl solution a yellowish-wliito precipitate, noh 
of constant com}MMition, but probably containing CPPt=P(OIl)(OAg)-. Witli npMnil 
lead acetate it gives a light yellow prccipitjito which, when washed with umtiT and 
dried in a vacuum, contains (Cl'-Pt=rPO*)®Pb* + 8IPO ; it. is dneotnposod by hent, 
giving off a considerable quantity of water. Basic lead acetate forms a yellow prcj- 
cipitato which has the composition (CPPt=PO*)*Pb".2PbO + 4H^O, and detoiis 
slightly when heated. 

Mali salts of phosphoplatinic acid have not been prepared ; on satiirjiting tho 
acid with an alkali or alkali uo carbonate, tho liquid quicldy blackens, and on addition 
of alcohol yields a precipitate not containing chlorine. 

PH 08 FH 0 PI.AT 1 NZC Etukus. Tlio alli/l ether, Cl*rt“P(OII)®(OC^II*), is 
formed by tho action of allyl alcohol on Uic chloride ; it is crystallisablo and soluble 
in water. 

Amyl Pho sphoplaiinatc . — When 3 mols. amyl alcohol are adddtfto a solution 
of 1 mol. phosphoplatinic chloride in benzene, and the product is washed with water 
and evaporated at a gentle heat, a thick highly coloured residue is left wliich docs not 
crystnlliso. A similar product is obtained b^ treating tho chloride directly with 
nmylic alcohol. The viscid substance treaU^d with ammonia yields a glutinous, yellow- 
brown insoluble mass, and a colourless solution which, on evaporation, leaves a hydro- 
chloride crystallising in white naefreous leaflets ; this salt is analogous to a diamylic 
ether, and contains (C"H"0)*(On)P=rpt.N*-*H^Cl. 

Ethyl Phospkoplatinate, Cl*Pt~P(OC*IP)*. — Phosphoplatinic chloride dissolves 
in absolute alcohol, with rise of temperature and elimination of hydrochloric acid. On 
diluting with water and exactly neutralising tho solution with sodium carbonate, a 
yellow crj^stallinc muss separates which is easily purified by crystallisation from alcolml. 
It is bettor, however, to leave tho alcoholic solution of the chloride to ovaporato in a 
vacuum, wash the crystallised residue with water, and purify it by slow crysUllisa- 
tion from alcohol. 

Ethyl phosphoplatinato forms large yellow triclinic prisms, insoluble in pure water, 
but soluble in water acidulated with hydrochloric acid, also in alcohol and in benzene. 
It melts at 83®, and decomposes at about 180®, giving off ethyl cJilprido, etbylmo. 
hydrochloric acid, and, towards the end, marsh-gas and carbon monoxide, and leaving 
a grey residue containing platinum and motaphosphoric acid. Ethyl pliosphoplatinnto, 
treat^ in alcoholic solution with silver nitrate, exchanges part, or tho whole, of its 
chlorine for tho nitric residue NO", forming red syrupy uncrystallisable compounds 
represented by the formuUe: 


(NO*)ClPt=rP(OC*H*)* and (N 07 R=P( 0 C*H»)*. 

The alcoholic solution of ethyl phosphoplatinato immediately turns brown on addi- 
tion of alcoholic potash-solution, depositing potassium chloride ; and water added to 
the liquid throws down brown flocks which, in the dry state, take fire spontaneously 
in contact with the air ; on redissolving those flocks in alcohol and evaporating tlio 
solution in aTBCUum,a bbick amorphous mass is left possessing much 
Tho analysis of tliis compound agrees approximately with the formula PtPO(C*ii U;’- 
The al^holic solution of otliyl phosphoplatinato, treated with zvne at common tem- 
peratures, turns brown, and yields, after some hours, on addition of 
flocculentjpredpitate approximating in composition to tho formula [PtP(OC*H*) J ".^' 


10 

tho 


If tho action of tho zinc takes place at higher temperatures, an analo^us compouuu 
obtained having a darker colour, free from zinc, and agreeing approximately vitii v 
formula PtP*(OC*lI»)». . . , v- «tior 

Ethyl phosphoplatinate unites directly vfhih phosphorus irichloridSt tho ^ | 
being attonded with evolution of heat, and rOiulting in the formation of ethyl 
phosphoplatinate, CPPt=FCP(OC»H'»)», ■ , , - .a, 

, An alcwolic solution of ethyl chlorqplatinato saturated with ethytens yiekUi ^ 
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eraporation of tho alcohol, a light yellow oily liquid insoluble in alcohol, and havinff 
the composition : ’ “““ uuwoj, 

Cl*Pt=rP(OC-II»)* + OPPt<^| 

This additive compound gives off its othyleno in contact with phosphorous chloride or 

ainnioniai 

Ethyl phosphoplatinate likewiso unites directly with carbon monoxide when this cas 
is passed into its solution in anhydroue ether, yielding a liglit yellow oily compound 

P(OC-n»)» 

having tho composition OPPt<^| . This compound is soliiblo in alcohol, 


ctlier, and bcnzono, but insolublo in water, and decomposes gradually in contact with 
water, yielding carbonic and hydrochloric acids, together with a yellow viscous bodv 
ClPt-PlI(OC'*Il*)\ formed according to the equation : ^ 

.r(OG*H')» 

CPPt^j^^^ + H-O = HCl + CO* + CIPt—PH(OC*ll»)». 


Jciion^f Ammonia on Rlhyl Phosphoplatinale. — This ether combines directly with 
'iiiiinonia, forming bases of complex constitution. Its solution in ammonia yields, by 
(!Viii)oriition, colourless deliquescent prismatic crystals of a salt very soluldo in w'utor 
ami in alcohol. Tho same salt is more easily oblaineil by passing ammonia gas into 
a solution of othyl phosplioplatinato in benzoue, tlio liquid after a while solidifying to 
a mass of white crystals. This salt is tho hydrochloride oj a diaoiino, containing: 

(C-n^O)*P.=Pt(Nn*.HCl)*-, or (0-nH))»PrzPtCl* + 2N1P. 


The plaiinocldoride of the same base is a light yellow procipifcito which dissolves 
in hot water and crystallises on cooling in yellow prisms having tho composition 
(C^H»0)>P=:Pt(NH*.lICl)*.PtCl*. 

When a solution of ethyl phosphoplatinate in absolute alcohol is saturated with 
ammonia gas, tho liquid becomes coloiirlc.‘>s, and gradually deposits colourless crystals 
less deliquescent than tho former. The compound thus formed is a complex double 
salt ropresontod by tho formula : 

(C*H»0)»P^ 

(C*H»0)*P=Pt(NH*.IICl)* + 


tho first term of which is the hydrochloride above described. 

This double liydrocblorido, treated with strong aqueous potash, gives off ethyl- 
amine, and yields an oily product which, under tho influence of very strong potash, is 
transformed by simple dehydration into a crystalline mass. This product is soluble 
in pure wator and in alcohol, but very slightly soluble in potash-ley. Its solution 
oviiporatod over the water-bath leaves an amorphous colourless transparent residue, 
liaving the composition : 






■NH* 




NH» 


This substance is probably a mixture of two bases differing from the original 
alkaloids by containing a molecule less of othylamine. 

The double hydrochloride above mentioned molts at 150®, and decomposes, givjng 
off ammonia and othyl chloride, and leaving a brittle, vitreous, colourless, transparent 
W'^ss, very soluble in wator and in alcohol. This body, which has tho^ composition 
tJ-'‘-lf*0)®PPtON*H*Cl, may be regarded as the monohydrochloride of a diamine, or as 
the hydrochloride of an ommoniatod monamino, viz. ; 


either 


(C*H»0)«(OH)P=TtN»H«.HCl. or 


ipn-poJh®.hci 


The chloroplatinato is a yellow precipitate containing 48 ‘5 p.c. plotinum, which 

l«dvftomboUing^tor.oronaddi„gchl<»^« 

^ ex<Jw of plSmc^Uoride to tfio solution of the vitreous salt, n ciystaUme, 
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slightly yellowish deposit is obtained, which dissolves in boiling water, and ezystil. 
lises therefrom in light yellow noodles. This compound, winch coiitdins neither carbon 
nor phosphorus, is represented by the formula ; 

PtONH^Cl*, or NHMI.PtCl* + IPO. 

Ethyl phosphoplatinato combines also with solid toluUline. When an alcoholic 
solution of the ethor is heated with an excess of this base, the liquid becomes decolor- 
ised, and fields on cooling a crysbilline deposit which, when washed with dilute hydro, 
chloric acid and repeatedly cryslallised from boiling alcohol, yields colourless prismatic 
needles easily soluble in alcohol, very slightly soluble in w'atcr and in ether, and having 
the composition (C*IPO)*P(C’H*N)PtCr'. This compound, treated in alcoholic solu- 
tion with pota.sh, yields pot*iasium chloride and a colourless product which crystallises 
in fine silky needles insoluble in water, and less soluble in alcohol than the precedin'r 
Dried at 100° it has the composition (C-lPO)=*P(C»II'»N)Pt(OH)-. 

Methyl Phosphoplatinaie, CPPt'=:P(OCH’*)*. — Phosphoplatinic chlorido acts 
strongly on methyl alcohol ; and the resulting liquid evaporated in a vacuum yielils a 
crystalline mass which may bo purified by repeated crystallisjitioii from alcohol, or by 
solution in benzene. The methylic ctiicr separates by slow evaporation in slcndii 
orange-yellow needles, slightly soluble in pure water, soluble in water coiitaiiunf,' 
liydrochloric ucid, also in alcohol, other, and benzene ; it melts and dceomnoses when 
lioatod. 


Dipkosphoplatinic Compounds, 


^PCP 

CbloridOf CPPt<^ . — This compound is easily prepared by dissoUnng phos- 

phoplatinic chloride, with aid of lioiit, in excess of phosphorus trichloride. The solution 
on cooling deposits crystals which may be washed with a small quantity of beuzeno 
or chloroform, and desiccated at 100° in dry nir. Or phosphorus trichloride mny bo 
added in equivalent proportion to a solution of phosphoplatinic chloride in benzene, 
the diphosphoplatinic chloride then crystallising out on cooling. Lastly it is iormed, 
with evolution of carbon monoxide, by tlio action of phosphorus triclilorido on citikT 
of the pltttinocarbonyl chlorides, Cian.z:C() or CFPtlZlC^O^ (p. 086). 

Diphosphoplatinic chloride forms beautiful canary-yellow crystals arr.anged in 
funnel-shaped groups with rcctfingular section. It melts at 160°, and docompo.ses at 
a higher temperature, giving oil' phospliorus trichlui'ido. It dissolves in phosphortiH 
trichloride, carbon tetrachloride, chloroform, benzene, and toluene. Water attacks it 
strongly, eliminating liydrochloric acid and forming diphosphoplatinic acid : 

Cl=Pt— P»C1« + 6n*0 = 6I1CI + Cl=t»t=:P2(OH)«. 


If the temperature rises during the reaction, another acid is obtained having the com' 
position ClPfcP*0(OH)*, and derived from tho former by loss of a molecule of hydrogen 
chloride {infra), 

Ethylio alcohol and methylic alcohol dissolve the clilorido, forming tho corresponding 
others, e.g , : 

CPPt:i:P*Cl« + 6CH>OH - eHCl + Cm:rP=(OOH")«. 


Amylic alcohdl reiicts in a similar manner. With glycerin^ hydrogen chloride is evolved, 
ana a thick, nearly colourless mass is formed. 

.P(OH)» 

Blpbospboplatlnlo Aoid, Cl*PtiiP»(OH)*, or 

paration of this compound succeeds only at a low winter temperature. 
platinic chloride is exposed to moist air, and as soon as it has deliquesced, the lignt 
jdlow syrupy licjuid is evaporated, also at a low temperature. The dijdioBphoplatinic 
acid is thus obtained in light yellow extremely deliquescent needles. 

If daring this operation tho temperature zisos to 10® or 12°, a colottrloss crystai- 
lisable acid is obtained, less deliquescent than diphosphoplatinic acid, differing from 
it by containing 1 mol. less of hydrogen chlorido, and represented by the formula: 

Ov 

\ ^P(OH)* 

t=:P»(OH)», OP CaPt>< 

This acid is nroeh mere stable than dij^osphoplarinie acid. When heated to 150°* 
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\t gives oflF wnter and is converted into a light yellow non-deliquescont powder, soluble 
in water, and having tho composition : 


\o 


lio replaced by tho residue NO’*. Tho precipitate in question is probably a mixture of 
two salts.^ 

The neid dehydrated at 150® forms with silver nitrate an analogous precipibite 
containing 5*5 Cl. and^ 41-8 Ag., numbors which agree with the composition of a mixture 
in nqui valent proportions of the di- and iri-argnitic salts: 

Cll*t0P20(0II)(0Ag)-, and ClPt0P='0(0Ag)*, 

Ethyl Diphosphoplatinate^ CPPtIilPt'(OC''*H^)*, is easily formed by tho action 
of absolute alcohol on diphospliopintinie oliloride. Water added to the resulting solu- 
tion separates a light yellow oil which, wlien cooled to a low temperature, solidifies to 
a inas-s of prismatic crystals (mono- or tri-eliiiic). This ether sometimes remains for 
ii long timo in a sbite of suporfusiou. When decomposed by heat it yields ethylene, 
ethyl chloride, platinum .and phosphoric acid. 

Kthyl iliphosplioplatinato dissolves in aqueous ammonia, and the solution, cr.nporated 
in .n. vacuum, leaves a white ory stall i no mass, deliquescent and soluble iu alcohol. Tho 
body thus formed is tho hydrochloride of a monamino : 

/\ 

(C>IPO)»P r: Pt.Nn*.HCl. 

dopived, not from othylic diphosphoplatinate, but from a compound containing 1 mol. 
less of ethyl chloride. 

Platinum Xodldea. Topsoo (Chem. Centr, 1870, 683) confirms the observation 
made by dementi (Gimento, ii. 192) that tho plntinic iodide prepared by precipitating 
idatinic clilorklo with potassium iodide (iv. G/l) contains excess of phitiuiim, and adds 
tliat it is obtained in greater purity by tho action of hydriodic acid on platinic chloride 
at ordinary temperatures. It gives off iodine at 130°. It dissolves in hydriodic acid 
and in solutions of metallic iodides, forming dark crimson solutions. Many of tlie 
double iodides are, however, more rcswlily obtained by mixing solutions of iticUillic 
iodides with platinic cblorido, and leaving them to crystallise. They have a brown 
colour, and metallic lustre, and their solutions deposit platinic iodide on standing, and 
more quickly on boiling. Sulphurous acid and alloiliuo sulphites decolorise their 
solutions, forming platiiious sulphite. 

Ifydroplalinic Iodide, Ptl«.2lll + 9H-’0, forms large monoclinic deliquescent cry.stals. 
l^otassio- and Ammonio^platinic iodides are anhyilrous, .and crystallise in the mono- 
uiotric system. Sodia-phiitnic iodide, PtI*.2N.aI + 6II‘0, is monoclinic. Tub col Gjnm 
salt, PtP.Oal* -H 12ir'0, crystsilliscs iu rhombohodrons of 106° 31' in couibination 
with an .aciiUir rhombohedron. Tho compounds of platinic iodide with the iodides of 
^nagiienum, fnanganese, ffinc, iron, cobalt, and nickel, are represented by the general 
formula Ptl^.EP + 9H®0, and crystallise in hexagonal prisms 
rl^ombohedron of 76° 17' to 76° 27'. At a higher tempenaturo a mckd salt , Jrxi .iNii 
+ 6IPO, crystallises in hexagonal prisms with a rhombohedron of 127 40 . 
^nattnlo Oxide. TopsoS finds that tho hydrated platinie oxide proi^| 
toereinor's method, of ovaporating ti solution of platinic chlondo with “1 j*™ 

'|ir1.onate, and treating the residual mass suspended in water with ncctic Mid, is 

I'ciil with that which Wittstein obtained by pre«ip‘toting platinic nitra^ ^h wlcium 

fiu-bonate (iy. 671), and has tlio composition PtO« + 2^0. _ 

(■<«». Chxm,. PAys/[S], axxi. 478), prepared by boiling witS 

excess of sodium carbonate, and decomposing tho resulting so i p 
ncelic add, and easily soluble in dilute acids, even in acetic^d, has, 

Bilaum chloride, the^ composition PtO*+ 4H*9,,and gives off 2 “ S^torido irith 

ilaiinates of Barium aud CaMvm . — By boiling a boiling, TopsoS 

J’ Quantity of ba^to-watsT suflicient to render the liquid alkal ,, „K!ta scales 
Chd. 1870. 6«2) obtained dilub, y^^rSlTow p^p” 

*>»ving a silky lustre, and ftom concentrated solutions a dense suaw y if 
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tite made up of featheiy and stellate groups of microscopic crystals. This procipiuto 
is extremely difficult of solution in water, baryta, and soda, easily solublo iriclilmo 
acids, wi^h the exception of cold acetic acid; hot acetic iicid separatos platinic oxido 
from it. According to Topsoe’s analysis this compound consists of barium pUti- 
nato, BaPtO* + 4H-0, and gives off 3 mols. (about 10 p.c.) water at about 3oo° 
When an insufficient quantity of baryta is used, so that the liquid, after boiling, lias 
a neutral or acid reaction, precipitates are obtained which must be regarded as mix. 
turos or loose combinations of platinic acid with barium plaliiiate (Topsoe). AccorcU 
ing to Johannsen, on the other hand {Ann, Chem, Pharm. civ. 204), the precipitates 
obtained by boiling platinic chloride with baryta -water all contiin chlorine, the yellow 
precipitate formed when the hiirytais in excess containing, acconling to eight analvscs 
42-71-43-C8 p.c. Pt, 4-75-6*44 Cl, 3318-34*26 BaO, and 10-92-11-68 IPO; with 
excess of platinic chloride the precipilato is richer in platinum and chlorine, poorer in 
water and baryta. Johannsen also finds that a solution of platinic chloride miirnl 
with excess of baryti-water, and exposed to sunshine, immediately deposits a pure 
yellow precipitate which, in diffused Light, forms more slowly and separates in Imnl 
warty crystals ; analysis gave the atomic relation 4Pt : 4Ba : 401 : lOO ; llH-O. 
With excess of platinic chloride there is formed a darker-coloured salt exhibiting tlie 
atomic relation 6Pt : SBa : GCl : 120 : 13HrO. 

To prepare Herschers * sun-salt * (iv. 672), Johannsen used an excess of linm-water 
more than sufficient to precipitate all the platinum, and obbiined ii nearly white salt 
of constant composition, answering to the atomic relation, 2Pt : 2Ca : 2Cl : 60 ; 7n-0. 
On heating platinic chloride with lime-water, precipitiitcs are formed richer in plati- 
num and chlorine, and poorer in lime and Avater in proportion as the excess of pliitinii; 
chloride used is greater. Whether the chlorine in these compounds is directly asso- 
ciated with the platinum or with the barium or calcium has not yet beeu determiiiocl 
(Johannsen, loc, ciL) 

PUTXSnrAS-COMCPOVirDS. A»fllfOirXACA&. A largo number of now 
compounds belonging to this class have boon proparetl by Clove {Bull, Soe. Chim. [2], 
vii. 12 ; XV. 161 ; xvi. 203 ; xvii. 289 ; Ihut, Chrm, Ges, Ber. iv. 70, 673 ; vi. MG9: 
Svenska Vcienskapa Akadcmiena Handding^ar^ 1872, x. No. 0), and a now theory of 
their constitution, founded in great part on Clove’s researches, has boon proposed by 
Blomstrand {Dent, Cficm, Ge$. Ber, iv. 40 ; Chem. Soc. J. [2], ix. 189). 

The platinum in some of these compotinds is bivalent {plato or plaloso), and ex- 
clianges two of its combining units with the bivalent groups NH’ or each of 

which retains one combining unit free. In others the platinum is quadrivalent {flaiino\ 
and exchanges some of its combining units with ammonia or diainmonia, the remain- 
ing units being satisfied by combination with elcctro-negutivo radicles. In others, 
again, the platinum accumulates in such a manner as to form compounds containing 
(Pt'O", (Pt»^— Pt‘’)’», (Pt*’;--Pt*»— Pt'^-~Pl»’')S &c. The bivalent grrmps NH», N-IP, 
always go by pairs, excepting in the semi-diamraoniums, in which lialf or a quarter of 
the combining units of the platinum is witisfiod by onco 

The names and constitution of tlio sovornl groups are given in tho folloAving table, 
tho unsaturated combining units being denoted by dashes ; 

1. Platosammoniuixi (Beiset’s second base) 

2. Platosemidiammonium • • • • 

3. Flatosomonodiammonium • • • • 

4. PlatoBodiammonium (Boiset’s first base) . 

5. Platinammonium (Gorhardt’s base) • 

6. PlatinoBemidUmmonium • • • • 

7- FlatinomoDodiammonium • • • • 

8. Platinodiammonium (radicle of Gros* and) 

Baewsky's bases) . • • • i 

0. Diplatinammonium • • • • 


p „ }NH-- 


Pt" 


|NH*(NH*)- 
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10. Diplatoso-diammonium 

11. Diplatinodiammonium ' . . . . 

12. Piplatinotetradiaminoiiiuin , 


998 


— 1nU»(NII^)— 


Tho folloTFing is an onum'^tion of all tho nmmoniacol plntinnm-compounds at 
^ liave been already doscribod (ir. 673-678, and Suppl 
'J52-9o 5) ; and of these only tho names and formnlaD are hero given. Tho rest, noaiSv 
all of which have been discovered by Clevo, will bo shortly described. 


1. Platoaammoiiliim CompouBas, Pt"<" (R in this and jill tho follow- 

^NIPR 


ing formula denoting ah electro-negative univalent radicle), 

^NH«C1 
-NH>C1 

, /NOT 


■Chloride, Pt- 


Iodide, Ft< 
Cyanidoi Pt^: 
Oxide, 
Kitrate, 
Sulphate, 


\nh»i 

^NIP(CN) 
-NH*(CN) 

..-NH»(NO») 

"\NH*(N0») 


Bromide, PtN»H®Br*,— Crystalline, very slightly soluble precipitate obtained by 
loublo decomposition with tho nitrate. 


Blatocyanide, PtN*H®.(CN)<.Pt"— Orange-coloured, amorphous precipitate. 

Sulphocyanate, PtN^H^CCNS)".— Thin yellow crystals. Its solution gives with 
liver nitrate a yoUow precipitate containing PtN®H”.Ag^.(CNS)®. Yellow cTystals, 
someric with those just mentioned, are obtained on adding ammonia to a solution 
»f potassium platosulphocyanato. 

Nitrite, Pt"N»H*(NO*)*.— Obtained by double decomposition. It is a white crys- 
idlinc powder, ve^ slightly soluble in cold water, easily soluble in boiling water. 
)ocompo 80 B violently when heated. Nitric acid converts it into nitroso-nitrato^ ot 
'lilinanimonium, (NO*)*rt*’'CN=H*)(NO»)*. It unites with chlorine and bi-omiiie, 
ormiiig the bromo- and chloro-nitrites of pliitinammonium, c.g, CPPt*^(N-H.‘)(NO®)'‘‘. 


. Sulphite, PtN»H®CO*.— Obtained by passing sulphur dioxide into a boiling solu- 
>on of the nitrite. The solution, which at first turns green, is filtered as soon m it 
'ecomes colourlessi and evaporat^ over tho water-bath, and the residue, after washing 
-Jjh alcohol, is redissolyed in water. The solution yields by spontaneous evaparai^ion 
elicate colourless crystals. 

phloroBulphitt, PtN*H®(SO*H)CL— Obtained in needles by treating a boiling 
Jlution of plntosarnmonium eWride with sulphurous acid, and leaving it to ^aporato. 
by treating the chloride with ammonium sulphite, obtained a compoun 
containing PtN»H®(S0»NH*)01.. 

1 . 5 ® “ -SttfjpAffes,— These salts are analogous to the 

tN^H«(SO*H)*. Peynmo obtained the ammonium salt by treating the chloride with 

^ndSup, . . 8 8 
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mmonium stilphito in ezcdss. Ifc forma colonrleas, well-defined ciystala. The foiift 
ing ealta are obtained from itl)y double docompoaition (Clove) : 

Oil >11. -ni-XTlTTA/CiA* 1 * 


Silver salt, 

Barium salt. 
Manganous salt, 

Zinc salt, 

Nickel salt^ 


PtN*H«(SO»Ag)* + H»0 

PtN*H«(SO’)*Ba 

PtN*H»(SO*}*Ma 

PtN*H-(SO*)*Zn + eiPO . 

PtN»H*(SO»)2Ni + 7H=0. 


Cobalt salt^ 
Cupric salt, 
Uranyl salt, 

Lead salt 


PtN*H«(SO»)*Co + 6H20 . 
PtN2II«(SO*)*Cu + 6H«0 . 
PtN*H«(SO*)2(UO=)'' + 2H*0 


WHito crystiaiino 
powder 

Crystalline powder 
Dense erystallino 
precipitate 
Flattened microseo- 
pic prisms 
Bluish crystalline 
po^vdop, which 
does not giv-e off 
its water at 100° 
Small rose-coloured 

ciysbils 

Bluisli - groon flat- 
tened prisms 
Yellow crystalline 
powder, giving 
oflF 1H‘0 at 100° 

. Amorphous x^recipi- 
tato 

Pt"|^^^®. Theso compounds, 
isomeric with the platosammonium compounds, are formed by addition of ammonia to 
a platinous salt, whereas the platosammonium salts are formed by abstraction of am- 
monia from tho platosodiammonium (tetrammonio-xdatinous) compouuds (iv. 073). 

Chloride^ . This is tho yellow salt, isomeric with idatosammnnimu 

chloride (Reisot’s salt), and with tho green salt of Magnus (iv. 674), which r<yi’«jiio 
obtained by adding ammonia to a cold solution of platinous chloride in hytlmdiloric 
acid, filtering after 24 hours, and treating tho yollowisli-groen residue with hniling 
water, which dissolves tho yellow and leaves the green salt formed at tliu s»mr time. 
Tho solution on cooling deposits tho platoscinidiummonium salt in small yellow 
which appear to differ in form from pdatosammonium chloride. They are more soluble, 
requiring only 387 pts. of cold and 26 x>ts. of boiling water. This salt is decomposed 
by silver salts, yielding corresponding salts of xdatoscinidiammonium. Soda rnumbs 
hydrochloric acid from it, leaving a dingy-coloured powder which probably has the 


2. Platoaemldiattmionittm Compounds, 


composition W 


2 + U=0 (Clcve). 


Bromide^ — Obtained on adding hydrohromic acid to tho solution of 

the corresponding nitrate, in bulky yellow needles, quickly changing to a brick-red 
erystallino mass, which, byrcGr}'8tallisatiou froni boiling water, is again convcitod into 

The iJlide crystallises in slender yellow needles. It unites with iodine to form a 
blade periodido. 

Cya«ii/fl,-~Colourlc8B heodlos. The ^Utinocyanide^ Pt|^®^*^y.PtCy* + 3H|0, 
is a sulphur-yellow powder. 

The Bulphocyanate, isomeric with Bnckton’s platosammonium sulphocysi^to 
(v. 513), forms golden-yollow flattened prisms, tho solution of which is decomposed on 
boiling. It appears to react with nitromuriatic acid differently from the isoroenc 
platosammonium sulphocyanate. 

The \ obtained by decomposing the chloride with silw 

nitrate, foms whitish crusts made up of ill-defined crystals. Its solution mixed 
hydrochloric acid deposits the corresponding chloride. 

Ifiiriie, Ijang obtained this salt by adding ammonia to platintm 

nitrite. It may also bo prepared by double docompoiition. It forms Idng 
needles which detonate when heated. Hot hydrochloric acid converts it into the ca 
responding chloride. Sulphurous add converts it into an amorphous BubstaDce(CleT( 

. . '..(IPH* 

Sdt^hate, Pt { I .-yellowish-white crystalline crusts. 
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ChloroaulphitCt — Colourless, moderately soluble needles, obtained 

Iv passing a current of sulphur dioxide through a boiling solution of the chloride, and 
Jft^rating over the water-bath. 

Double Sulphites. — ^Tho a?«wo»mwi (SO*)* is obtained by dis- 

fioU’ing the chloride in excess of anunonium sulp^te. On adding alcohol the salt is 
® ipitated in oily drops which soon crystallise. 15y recrystallisation it is obtained in 
Blender noodles. 

The chlorinaUd ammonium sulphite^ (SO*)* -I (PtN-iI®Cl)', is prepared like the pre- 

l(PtN*H*y' 

ceding, excepting that tho chloride must bo kept in excess. It forms bulky, prismatic, 

very soluble crystals (Peyrono; Cluvo). 

The ammonium salt forms with hariiim nud silver salts precipitates conhuning — 

and (SO>)> { • 

Oxalates. ^Tho neutral oxalate obtained by tho action of ammonium oxalate on 

platosemidiammonittm nitrate forms colourless microscopic crystals containing — 

+ 2n-o. 

3, piatonomonodlammonlum Compounds, It 

CAZoridr.Pt Voiy soluble colourless needles or nacreous scales, ob- 

tainod by the action of hydrochloric acid on tho nitrate. Its solution mixed with 
potassium chloroplatinito yields tho following salt : 

Chloroflatinite. 2 [Pt'' .Pt"Cl» -This salt, polymeric with platos- 

mmonium chloride, [ - SPtNWCl*], constitutes the brown-red Siilt desenjed by 
Poyrono (iv. 674). It is always formed in small quantity when ammonia is ^ 

Dliitinous chloride. It is slightly soluble in cold, more soluble in boiling water, l im^ 
Lh silver nitmtoit yields silver chloroplatinite and platowraoiiodmnimomum »»t»to: 
mth potassium porman^nato and hydrochloric acid it yields rhombie tables of plaUno- 
moiiodiammonium chloride. 

mtraie, crystals, grouped in yellowish cmste; very 

iohiblo, and decomposing with violence when heated. 

Sulphalt, Ptg^‘ I SO‘,-Mod«rately soluble snow-white emste. 

-NWB h* 1™ 

, or N- B 


4. MatoaotUsMiimonlnm Oo»poHBa.i 

Pia*. (NW)*.C1* ; and with nitric metollic chlorides. 

Platosodiammonium chloride forms double j Yxiwq been obtained by 

specially with tho chlorides ?L^i)persdlL PtCP(N*H*)*CuCl*. 

Buckton and by Thomsen (ls< Suppl. ? l,«^?eluded in the^saine moup. 

lescribod by MiUon a. Commaillo (iv. 67o), may ^ platinum 

Reiset described two salts as compounds °pj)^sjBwrl?Jpi5-is 575); but accord- 

ctpachlorido, vis. ; Pt(N*H*)*Cl*.PtCl*, and [Pt N-Il ^ compound 

HR to Clove these salts do notcontoin 

icing in fact reduced by Beiset s chlOTidc. The « » . Raewsl^’s chlorodi nitrate ; 

'll, uiiwvM ftf ffllvcr. tocTothcr witli X 'rim 



Ts‘';;^i^in7b;;ra;rgii.n *^itv “Ss ^ cworid., 

joiM used ate tUlnte and bwUng ; in this case the solution corn. 

5ro«i*. 

wlphete with buinm Twomide. ctyrtalliw « ooUmrless aaiion 

0 B « 
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according to Beisot), very mluble, and containing 3 mols. H*0, which they lose at 
100 ^. Tho salt is not decomposed by boiling -water (Cleye). 

The iodide^ Pt(N*H*)*F, obtained like the bromide, ^stallises in cubes. At the 
boiling heat it gives off 2NH^, aiid is converted into iodide of platosammoniuin, 

colourless or yellow needles by the action 

of nitric add on the chloride. It is slightly., soluble in cold water; deflagrates like 
gunpowder. It unites directly with chlorine, bromine, and iodine, also with nitrogen 
totroxide, with which it forms petals of *a fine indigo-colour. Strong nitric .*^id 
converts it into a trinitro-derivative (Cleve). 

Hydroxide^ Pt(N®H*y-(OH)-. — ^Described in vol. iv. p. 675, as oxide. 
Sulphates, — Tim neutral sidphate^ Pt(N*H®)''SO^, ci 7 stalli.ses in tpansparent roc- 
.taiigular octobedrons, which, according to Poyrone, iiro very slightly solublo in cold 
water, and dissolve in 60-60 pts. of boiling w-ater. It unites with chlorino, &:c 
Nitrous acid converts it into nilropLatinammonium nitrate, N®H«Pt‘»(NO®)*(liO*)*. 

The acid sulphate, (N21F)*Pt.SO* + 2(NaH«)*Pt(f30^H)* + 8H=0, is precipitated 
in nacreous scales on adding sulphuric acid to a solution of platosodiammoaimn 
chlorido (Clove). Another acid sulphate was accidentally obtained by Cleve in colour- 
loss, very fragile prisms containing 2[(N*H®)'‘'.Pt.SO*] + (N=II'*)'‘'.Pl.(iSO‘H)®. 

^ Sulphite, — Acid sodium sulphite forms, ivith platosodi ammonium chlorido, a pre- 
cipitato made up of colourless needles having the composition 3(N-}p)*PtS0* + 
2PtSO’ + 41FO. Its solution in hydrochloric acid gives tho green salt of Magnus 
(Glove). 

Carbonates. — The Pt(N®H*)®.CO* -*■ IFO, is formed by dccom- 

posing the chlorido with sodium ciirbonato or by exposing the hydrate to tho air. On 
further exposure it absorbs an additional quantity of carbonic acid, and passeB into 
tho acid carbonate, Pt(N“H'^)'*(CO*II)*. 

Chromates, — The neutral salt, Pt(N*lI*)®CrO\ is a lomon'-yollow nearly insoluble 
powder (Clevo). The dichromate, Pt(N®H“)'‘*.Cr®0^, is a yellow prccipitiito sligliily 
soluble in water, insoluble in alcohol, ciystalii.sing from boiling water in small cubes 
Its ammoniacal fiolution, when left to evaporate, <lftp 08 it 8 crystals of tho ncnlra 
chromate. By calcination it is resolved into chromic oxide, ammonia, water, nitrogen 
and platinum (Buckton). 

■Phosphate, Pt.(N*H®)*.PO*Il + -Flattened colourless prisms, soluMo 

in water, precipibitcd by alcohol. Treated with bromine it yields the hrmiHe, 
PtBF.( N*H* )*.Br“, and the hrominated phosphates, ( N^H® )® ( PtBr )P0* and 
(N*H*)®(PtBr*)(PO*H)® -i- 411^0. It appears to form compounds with aramonium 
phosphate (Clevo). 

Organic salts , — Tho acetate, (N®II®)-Pt(C*Il*0*)*, is colourless, very soluble, and 
crystallises in flattened prisms. The h&isoatc, (N“I£®)*Pt(C^H*0*)‘*, forms, colourless 
scales, ^honeutral tartrate, (N*H®)*Pt.Olf^0® + 2H®0, is soluble and crystallisable. 
Tho acid tartrate, (N®H®)®Pt(C*II®0®)*, crystallises in slender noodles soluble in hot 
water. The neutral oxalate crystallises in small needles; the add oxalate forms 
colourless soluble noodles (Clevo). ' 

6 . natinammpiiliuii CompoiuidSf izPt. • The chloride of this 

series, discovered by Gorhardt, is obtained by tho action of chlorine onplatosammonium 
chloride. Tho same chemist likowiso obtained the hydrate, the nitrate, tho noutrm 
sulphate, and tho basic oxalate of the sorios (iv. 676). 

The bromide, Bp*Pt(NB[*y*.Br*, is a heavy crystalline orange-rod powder, compesod 
like tlie chloride, of quadratic pyramids with truncated summits. 

Tho iodide, FPt(NH*)* I*, is a block uon-ciystalline powder obtained by digeBd” 
platosammonium iodide with tincture of iodino. With ammonia it forms a czysW" 
powder containing Pt*(NH®)^P. Treated with boiling potash-solution it furnishf 
a yellow powder of variable composition, which ^vos with hydriodic _ 
bla^ amorphous- powder consisting of diplatlnammonium iodide^ (Pt*)jK^^). 
This last compound, treated successively with potash and with hydriwo afj 
gives (PtWNH*)»P®, which in its turn furnishes a still moro condensed W 
(Pt*)w«I (NH®)*®I“. . These iodides — ^whoso oxisteD<jb, however, is not flhito 
lishM — would foirm a homologous series, R*(N]5®)*“I*»+V the first tertii of w 
is the iodide of platinammonium (Cleve), 

HtfdfOMids, (OHyPt(NH*)»(OH)».— Described (iv. 676) as oadd^ 

* ^ting platinammonium nitrate wiA excess of ammonia. 
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A ia^ ««rafc. (HO)=Pt(NH*)»(NO*)« + 2H«0, iaoljfainad from 
chloride by double decomposition. Nitric acid converts it into the normal nitrate 
(NO*)*Pt(NH*)*(NO»)* (iv. 676). * 

Nitrites,— NitronitHte, (N0“)*Pt(NII»)2(N02)® Obtained by tho action of boiling 

nitric acid on plntostammonium nitrito, and sepamtos, on eraporsition, in large Colour^ 
less plates. With potassium iodide it yields a proeLpitate of platiuammonium iodide 
(Clove). 

Chloronitric Nitrite, (NO*)ClPt^NH*)®(JN“0-)-. — Precipitated in rhombic gciiles 
on adding hydrochloric acid to a solution of the preceding s.alt (Clove). 

Dichloronitrite, Ci-Pt(NH*)“.(NO®)*. Deposited in shining scales on adding 
hydro<.*liloric aoid to the boiling solution of the nitronitrite. Its solution is not pve- 
cijjitated by silver nitrate ; but on adding silver nitrite to its Jiot solution, small 

rhombic plates are formed consisting of a double nitjito, (Clove). 

llio dibromonitrite forms microscopic rhombic plates very slightly soluble in 
rater. 

Diehlorinated Chloronitrite, — Small yellow crystals de- 

posited on adding potassium chloroplatinito to the nitrnnilrito. 

Tho sulphate, iSO-^l^^NH®)-^!^, is a yellowish mass which by solution in water is 
:onvortcd into tho .basic sulphate, (Oir)*Pt(NIP)‘‘'SO^ + which is dexK)sitcd in 

sparingly soluble crusts. 

Oxalates, — The neutral oxalate contains C-0’Pt(NIP)'-C20‘. Tho basic oxalate, 
'0II)-Tt(NII*)*C*O*, is a y’cllow precipitate which crystallises in laminae from boiling 
ivuter and dotonates by heat ((xerhardt). 

6. Platisiosemldlaxnmoiilam Compounds, R^Pb**<^ . — ^Thoso com- 

rounds, isomeric with those of the last group, havo been described by Blomstrand and 
>y Clcro {Built Soc, Chm, [2], xvii. 106). 

.N*H«C1 

Chloride, Cl-Pt<^ . — Obtained by the .'iction of chlorine on tho chloride 

^C1 

•f platosernidiammoniura (p. 004). It crystallises in six-sided rhombic 1 cadets, yellow 
11(1 anhydrous, soluble in 300 pts. of cold w.ator, and in 66 pts. of boiling water. At 
60^ it becomes olive-green. It is not decomposed by strong sulphuric acid. Potash 
lissolvos it with evolution of ammonia. Sulphurous acid reduces it to chlorosulphite 
•f plalosemidiammohium. 

The bromide, Br^Pt'^ , is rod, but in other respects resembles tho 

nloridc. 

J'ohjiodide, DPt|p^‘’^*^*«Pt(N«Il«)P.-~Obtaincd by the action of iodine on tho 

jJitlo of pliitoscmidiaramonium (p. 004). Octohodral crystals forming a nearly black 
uffdcr ; Soluble witli purple colour. 

On treating the chloride with silver nitrate, and 

(Wing alcohol to the dltered liquid, a precipitate is obtained which «appears to have 
^is composition. Tho normal nitrate has not been obtained, 

Chloronitrite, Cl*Pt|^Qj‘*^^* .—Long, pale-yellow, very fragile needles, ob- 
ihietl by the action of clAorino on the nitrito of platosomidiammonium (Blomstrand). 
liver nitrate removes only half the chlorine. „ , . , » uv-, 

-the corresponding bromoniirite forms orange-coloured needles whzdi react in ii&u 
‘n-nner in silver salts. 

A. haHe eUoroHitritt, , is obtwned by boiling the normal shloto- 

‘Wte \rith silves nitrite. It erystallises in pnle-yelloflr needles. 
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N»H« 

I 

SO^ 


8ulj»hate, 
portion. 

7. Plattaomonodlammoniiim Compoimdfti 


.^Yellow viscous moss obtained by double deoom- 




-NH*R ’ 


Chloride, CI’Ftc^ .^--Formod by the action of nitromuriatic acid on chlo- 

^NH*C1 

ride of platosomonodiammonium. Rhombic or hexagonal scales. 

.(N*H«)(NO») 

Basic Nitrate, (OH^tC; + H*0. — Microscopic crystals deposited 

\(NH»)(KO*) 

on concentrating the solution obtain^ by boiling the folloudog salt urith silver 
nitrate. 

(N^H-XNO*) 

Bihromonitrate, + H*0. — Soluble yellow crusts ob- 

^(NIP)(NO*) 

tained by adding bromine to platosomonodiammonium nitrate (p. 995). The montu 
brontotiitraie is obtained by boiling this salt with a quantity of silver nitrate just sulh* 
cient to remove half the bromine. 

Bromosu Iphate, Br®Pt':^ — ^Bright-yellow crusts obtained by oddiug 

bromine to platosomonodiammonium sulphate (Clevc, Bull, Soc, Ckim, [2]» xvii. 
107). 

..NH»(NH<)B 

8. Platlnodiammoaittm Oompottiida« or 

^(N8I1«)R 

. Several of these compounds were discovered by Gros and by 

‘'^(N«H«)R 

Raewsky (iv. 676) and numerous others have been obtained by Clove. They aro 
formed by addition of an olcctronogritivo element to the platosodiammonium compouiidfl, 
or by the oxidation of the latter. One half of the electro-negative element or radicle 
contained in these compounds — tliat half, namely, which is directly united to the 
platinum— 48 difficult to remove, or cannot bo removed at all by double decomposition; 
such, for example, is the case with the chlorine’ in Qroif salts, which can only be par- 
tially replaced by the action of silver salts. 

Cl 

Chloride, Cl®Pt<^ . — ^This is Gros’ chloride (iv. 676), obtained by treaC- 

in 
soli 


ing the corresponding nitrate with hydrochloric acid, or by passing chlorine Into a 
nolution of platosodiammonium chloride. . , . . . . i 

A basic chloride, (OH)ClPt.(N*H«)*Cl*, is obtained in microscopic insoluble needle® 
by adding, sal-ammoniac to a solution of the basic monocliloronitzate. 

^ iftcd by docomposing thc bsuc cWoT^ 

L excess of hydrochloric acid. B i® 


n<uwMt CM(»*fo,Pt01’0(N>H*)«a»(?).— ObtMncdbydoeompomBgthebauccU^ 

nitruta, Pt*(Cl*OXN*H*)*O*.(K0‘)‘ (ir. 877), with excow hydrochlone acid. « » 
moderately soluble in cold and much more soluble in boiling water ; leee-solttwe 
hydrochloric acid, which renders its aqueous solution turbid. 

The chlor&platinite and chloroplatinate aro formed by adding sodium; chloropiawniw 
dr chloroplatinate to platinodiammonium dichloronitxato. • ^ ar 

. Rrowiife, Br^(N»H«)*Bi».--Slightly soluble microsiJopic needles pr^itoted w 
adding a soluble bromide to the nitrate of dibromoplatinodiammonium. wnwi 
with solution of silver nitrate it yields silver bromide, and a solution on cow* 

yellow crystalline precipitate. - . «„fo 

Iodide, I*Pt.(N*H«)*I*.— Graphitoidal powder converted ^by 
yellow crystalline powder containing Pt(«IP)*(NH*)l* + H*0, or more pro . 

Bri31Pfe.CN»H«)»BK5U--Raowsky obtolned ttis^^rt^^ 
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platoBodiammonimn (^oride with bromine (iv. 676). It may alao be formed bvdonble 

eMorido and platinodiammoniam <fibromoh 
mtrato, or between ammonium bromide and plMtiuodianimonium dichloronitrato It 
IS a yellow procipitato which, when troatod with hydrochloric acid, excliancos iwiit of 
iN bromine for chlorine, and nivna pnn or 


The chloriodi^s, formed under similar conditions, do not appear to 1 
composition Ono containing (ClIPt)Pt(N^lP^^^ obtainerin small brown octo- 
hediona by the action of hydnodic acidonthciodonitratoof diplatinotetradiainmonium 


) bo of constant 


(Clove). 


t.l'Si:SS(^S’ WW and (OH.Br)Pt,(N^IW amcrya- 

ferrecy m^te, Cl»Pt(N»H«)»(NO»)» troatod with solution of potas- 

i'PP™™ ‘“have the composition, 
(FoCy K) [PtO.(N H ) Cy ] . Iho motlicr-liquori^ yield the platosumnionium cyanide 
analogous to the green salt of Magnus. 

Cm(N»H«)».(CNS)», is an otanpcolonrod crystalline 

Jftiraic*.— Tho nomuU nitrate, (!I0>)»Pl(N 2H*)=(N0»)= is not known. 

Tho iosie ««rafe, (On.NO«)Pt(N>II»)»(NO»)s (Gerhardfs oxynitmte, iv. 677), ia 
formed by the action of nitric acid on pliitoaodianinionium nitrate ; also by tbe action 
of silver nitrate ou the iodonitrato. It is a white very soluble crystalline powder. 
Treated with ammonia it yields Cio bibasic nitrate, (6H)“Pt.(N*II")®.(NO>)*,^ which 
forms a white amorphous powder clotonating ivlwm heated and turned blue by sulphuric 
acid. Hydrochloric acid converts it into Gros’ chloride. 

Diuitronitrate^ (NO*)*Pt.(N*II*)®.(NO‘')*.— This salt is formed under various circum- 
stances, especially by the notion of nitrous vapours on platosodiammonium sulphate. 
Jt is precipitated iu small well-defined octohedrons of an indigo-blue colour, which de- 
compose when dissolved in water« giving off nitrous vapours. 

Chloronitratasx a, (Gl.NO*)Pt.(N*II*)*.(NO®)*. — Whitd cr^'stallino precipitate 
formed on adding nitric acid to the solutfon of the following salt. Decomposed by 
water into acid and tho basic salt h. 

b. (01I.Cl)Pt.(N*H*)*.(N0*)*. — White microscopic slightly soluble crystals, obtained 
by the action of silver nitrate on the salt e. Prolonged boiling with silver nitrate is 
required to remove the chlorine. CTeve, who prepared this salt, regards it as identical 
with one of Paowshy’s nitrates (iv. 677). 

c. CFPt.(N*H*)-(NO*)* (Gros’ nitrate, iv. 677). — Obtained by boiling tlio green salt 
of Magnus with strong nitric acid ; also by the action of chlorine on nitrate of platpso- 
diiimmonium. 



position ; Gros^ nitrate, on tho contrary, Jves scarcely any precipitate with silver 
nitrate, even after a long time. The salt d is obtained by the action of hydrochloric 
ncid on a boiling solution of the basic nitrate of platinodiammonium. It is then de- 
posited 08 a white powder made up of small right prisms ; vrhon recrystallisod by slow 
evaporation it forms largo crystals conUiining H*0. With platinic chloride it foxms 
an orange-red double salt containing (NO*)*i^(N®IP)®.Cl* + PtCP + 211*0 (Clevo). 

UoewBhfa Nitrates.— "By boiling tho green salt of Mognus with'n large excess of 
nitric acid, Baewsky obtained two salts whoso composition he represented by Uio 
formnlsG : 

Pt*|^‘|0*(N>H*)‘(N0*)< and 

Tho ««t, which is hut slightly soluble in nitric “P"*®***. 

«ftnls,and the second cn^stailiscs with difRcuUy ftom the 

Hnltci Cn-n.. a.1 eini*iom n fnW TnitmhoTS of WhlCtl WOrO ODCHinW . 


j determine. Getbardt supposot ^ 

fiarded them os sosqui-acid; salts ox diplatinamino (iv. 077)» 
the diplatinodiammonium group, 
fiwiwmW (dew. kc, c«.)-a. (Br.lfO*)Pt<N»H*)^NOV. 


They probably belong to 
Oxauge-colbured 
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crystallinQ powder, decbmposiblo by water, obtained by the action of nitric acid on Ae 
boiling sohitioo of tho following salt. 

6. (Bp.OH)Pt(N*H«)*(NO")*. Pale yellow, slightly soluble granular salt, obtained 
by tho actios of silver nitrate on tho csalt c, 

c. Br®Pt(N*H®)*(NO*)* {Brominated salt of Gros), Prepared like tho corresponding 
chloronitrato. Crystallises in lemon -yellow soluble flattened prisms. When boiled 
with silver nitrate it gives up half of its bromino and is converted into the salt b. 

^ lodonitrate, I*Pt(N®n®)*(NO®)=. — Prepared by tho action of iodine on platoa- 
axnmouiiim nitrate. Nearly black crystals of the same form as the chloronitrate. 
Silver nitrate at tho boiling heat removes half the iodine, forming tho basic iodo- 
nitrate. Ammonia precipitates from its solution a clingy yellow powder formed of 
microscopic needles, and constituting perhaps, according to Cleve, the oxyiodonitrato 
of diplatinototradi ammonium. 

NitrO‘iodonitrate, (NO-.I)Pt(N®H®)®(NO*)*. — Orange-brown crystals obtained by the 
action of nitric acid on the oxy-iodide of dipiatinotetradiammonium (Cleve). 

Carbonates. — a. [(NO*)Pt(N'^H*)’‘]-(CO“)* (?). White crystalline powder obtained 
by adding ammonia 8esquicarlx)nato to tho basic nitrate. 

b. [BrPt(N®H®)®]-(CO*)® + 4H-0. Yellow crystalline powder obtained in the same 
way as the dibromonitrate. It unites with tlie dibromonitratc, forming a double salt 
which crystallises. in yellow microscopic prisms. 

c. A compound of Uio monochlorocurbonato with Gros’ chloronitrate is obtained by 
pouring a solution of tho latter into a boiling solution of ammonium carbonate. 

d. (OH.Cl)Pt(N*H*)®CO*. Pornied by adding Qros' nitrate to excess of sodium 
carbonate (Clove). 

e. Raewaky^s Carbonate, (O.Cl*)Pt*(N*H®)<0*.(CO»)*.--Whito granular, very soluble 
precipitate (iv. 678). 

. Sulphates neutral sulphate, (SO*Pt)(N*II®)*SO* + 2H®0, is a white amor- 
phous powder formed by tho action of sulphuric acid on tho basic nitrate. 

A basic sulphate, SO* | gQ4 + 3IPO, is obtained by precipita- 

ting a hot solution of the neutral bromonitrato with silver sulphate, and ovaporatiug 
the filtrate. Colourless flattened prisms, soluble in water. Barium chloride throws 
down from its solution only a third of the sulphuric acid, showing that part of this 
acid 13 contained in tho radicle (Glovu). This sa)t yields, by double decomposition, a 
series of salts, the hydroxyUaulpIioplalodiamviionium sails, containing non-precipitablo 
sulphuric add {infra). 

Ajlothor basic sulphate is formed, actmrding to E. Davy, on boiling a solution of 
platinic sulphate neutral ised with ainmonia. It is precipitated as a light brown powder, 
slightly explosive, insoluble in water, soluble in acids. 

Chlorosulphaie, Ol*Pt(N®H®)-SO* (see iv. 677). 

Monochloro-trianlphate, prisms obtained by tresit- 

ing Gros' chlorocarbonato with sulphuric acid (Cleve). 

Bromosulpkate, BriPt(N*H*)*SO*. — Lcmon-ycllow, very soluble, cr 3 [Btelline powder. 
Its solution, mixed with a c][uantity of silver nitrate sufficient to precipitate only half 
the bromine, yields a solution whidi deposits yellow needles having the composition 

1^1 so* bmxm. chloride throw* down two-third, of 

the sulphuric acid. 

lodosulphatc, PPt(N*H«)*SO*.— Brown crystallino powder slightly soluble in water. 

CldormUric and Bromonitrie Sulphates.-^Thoso salts are obtained in the dysteUiee 
(^atc by dissolving the monochlorb- or monobromo-nitrate in sulphuric . 

pouring tho solution into water. The former, (CI.Nd>)Pt(N*H*)*SO* -h H*0, is white* 
the latter, which contains Br in place of Cl, is yellow (Cleve). 

HTDRO^tYiSULPHOVLAtinOniAKKOlflilM CoiCFOUKDS (ClcVS, 

Chim. [2], XV. 162). These compounds are derived from the basic sulpn 
SO*£Pt(OH)(N*H*)*SO*]* + 3H»X), above described, which contains the gtou? 
dtirect combinatibn with platinum, and not removable by doable decompontaon wi 
barium edits. They majy be supposed to contain the univalent radmle : 

/ (SO*)^ 

w*. M [Ptoaso*.ciira*yj'‘ 
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Chloride, [PfcOH.SO*.(N*II®)’]'Cl + 2H*0. — Obtained by dccoinpoising tho basic 
sulpbnto above mentioned with burium chloride. Forms colourless truncated prisms 
soluble in water. Tho solution mixed with hydrochloric acid deposits tho salt in tho 
anhydrous state. Tho chlorine of this salt is precipibitod by silver nitrate, but the 
sulphuric acid is not precipitated by barium chloride. 

The corresponding chloroplatinate forms orange-coloured flattened crystals, contain- 
ing 2H®0. 

Bromide, — Obtained like tho chloride, and likewise contains 2H*0. Flattened 
crystals, colourless or yellowish. 

JS'^itratc, [PtOH.SO*.(N*H®)®]'NO*. — White crystalline, slightly soluble powder. 
Sulphate, — Already described (p. 1000). 

Chromates,— UliQ neutral salt, [Pt()II.SO^(N*H®)'']*CrO^ + 2H-0, obtained like 
llio chloride, forms rounded groups of yellow crystals. Tho dichromatc is an orange- 
coloured, sparingly soluble precipitate. 

Oxalate, [|PtOH.iSO^(N®H*)®]“C*0^ + 2II-0. — Crystalline precipitate. 

On attempting to prepare the corresponding hydroxide, |■pt01I.SOXN®II®)®‘|OI^,^ by 
the action of baryta on the sulphate, a coloiirloss iilkalino solution was obtained, which, 
on evaporation, suddenly yielded colourless sparingly soluble crystals, consisting of 
an isomeridc qf this hydroxide, viz. : the hash sulphate, SO^Pt(01I)®.(N*H®)®. 

riatinodiammonium Chromates. — Olevo has examined the following chromates, 
all of which form yellow or orangc-colourod crystallisable precipitates. They are 
obtained by double decomposition: 

Pt(NO»)=(N=H®Y-.GrO» I Pt(NO»)*(N*H®)2 Cr=0» 

PtCP(N“n®)*.CrO* PtCP(N2Il®)^Cr®0" 

Pt(OH.ClXN2H-)^CrO^ | PtBr*(N*H-)^Cr*0» 

Platino diammonium Phosphates, — Gros, by adding an alkaline phosphate to 
tho dichloronitrato of this series, obtained small shining transparent cr^^stals, very 
slightly soluble in water* Clove has obtiiincd tlio following salts: 


a, Pt(NO»)(N2H®)?.PO® + WO 
h, PtCl(N-Il®)=.PO^ + 2WO 

c. PtBr(NW)*.PO* + 2H-0 

d, PtBi^N^n®)* (PO^H^)- + 2H«0 

c. [Pt(NO*)(OH)(N*H®)*]=P®f)» + H=0. 


Tho ,alt9 a and e are obtained by adding disodic phos^ihate, or Iho pyrophosphate, 
to the basic nitrate of platinodiammoninm ; b and c in like niaiiucr from the cWoro- 
or bromo-nitrato of Gros. They aro crystalline and slightly wlublo. _ la^ly « » 
obtained by adding bromine to the phosphate of platesocUammoninm ; it is mottetatoiy 
soluble and crystallises in lemon-yellow flattened, prisms. 

Ihcwsk^s Phosphate, Pi«(CPO).(N^]l®)^ 0 ^(PO;H)*, soparatos in 
on mixing liot strong solutions of the coiTcspouding chloroinUuLc and tnsodic phos 

Oxalates 677. 

i» a Trliite, crystalline, very soluble pon-dor. “Stained by double dKomppat.on^ 
^ros' nitrate and ammonium oxalate. The corrcspohdiiig bromiiu t . ^ 

PnewsJe^s Oxalate, PtXCVO)(WW)*0%Cr<)*y, is a white crystalline precipitate 
nearly insoluble in boiling. water. , . , 

i . The nmimitrU) oxalaU, Pt(OK.NO»)(N>H*r'C’0'. is obta.nisl in 
■ ing ammonium oxalate to basic nitrate of platiuodiammonium. 
heated (Gerhardt). \ n n- 

Acethydboxyl - PLATiKoniAMMOHiUM f. iSdfl a 6asi<! 

snlphato of platinodiammonlum, decomposed 1^ basic load acetate, y 

BJdpkate-^ 

Pt(OH.(OTO*XN®H*)*SO* + UH*0, 
j» which the group SO* may be 

he supposed to contain the radicle [Pt(OH.C*H>0“XN®H*)^j , wmcii loi 
he represented by the iymbol K. needles Silver 

Wortdc, 2ttOl*.hH*0.-Small, colourless, PtCl®R + 2H»0. 

Jiitrato removes the whole of tho chlorines Ihe chioropi 

wyatalliscB in orange-iedp moderately aolnble needles. 
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Nitrate t B(N0^)*+H*0. — ^White crystallino powder, slightly soluble in eold water. 

, SulpkatCi 2(SO*.R) + 3H*0. — This salt, whose formation is given above, is de- 
posited on evaporation in rather largo, well-dofiiied, colourless crystals. 

Dichr ornate, Cr®0'.R + IPO. — Oiunge-coloured precipitate, which gives off itq 
water at 100®. 

9. DIplattnMaunontum, r:(Pt*)»<(NH*)^— Tlio only known compound of this 

radicle is iodide PPt*(NII®)^I^, which is a crystalline powder obtained by the action 
of ammonia on the iodide of platinammonium, (p. 096). 

.(NIPNIP) 

10. Dlplatosodlammoniiim. — (Pt®)"(N®H®)®, or z:Pt®<f (Clove 

SitlL Soc, CAiw, *[2], xvii. 100). — Whon the chloride of platosemidiainmonium is boiled 
with soda, a greyish, pscudomorphic, crystalline, insoluble powder is obtained, which 
detonates violently when heated. This powder, which forms black compounds with 
acids, constitutes the hydroxide of diplaiosodiammonium or of diplatimssmidiammo- 
nium : 

(N®H«.OH .(NH®.NII®Y* 

Pt®^4 + n*0, or (OH)®Pt®C + n®o. 

(N®mOH ''(NIP.NH®)' 

.The first of these foTmulae was proposed by Blomstraud, the second by Clove, who 
discovered this base and its salts. The difference of H® between the two formuhr is 
too small to be detected by analysis. CTevo bases liis opinion on the formalion of this 
liydroxide, which, if Blomstrand's view were correct, should take place according to tho 
equation : 

+ 4N«HO = + H»o) + 4NaCl + 0. 

Oonvmely, the action of liydrochloric acid on the hydroxide, which idtimately pumluce-s 
the chloride of platuscmidiamnioniiini, ought to bo attended with disengagement of 
hydrogen. Clcve, however, has never observed either oxidation or rlisengagement of 
oxygen in the first case, or disengagement of hydrogen in tho second. Nitromuriatic 
acid tnihsforms tho hydroxide into diphitiuodiammouium chloride, (Pt®)*'(N®IP)“Cl\ 

DiplaiinoeemidiammontHm Chloride, Cl®Pt*(NH*.NH*)®. — The hydroxuln 
just described is converted by hydrochloric acid into a yellow pow^der which boilin'; 
water converts into a black powder, wjhilo chloride of platinosemidininiiiuiiium pussies 
into solution. The black substance is tho chloride of platinosemidiaramouium. 

Nitrate, (NO®)*Pt®(NH*.NII®)*. — Black, amorphous, insoluble powder, which deto- 
nates violently whon heated. 

Sftlphate, SO*.Pt®(NII®.NH*)*. — Black insoluble powder. 

/NH»(NII®) 

11. mplatlsiodlainmoslum Componndni R*(Pt®)".f . Tho only 

^Nn*(NH«) 

compound of this series yet obtained is tho cAfondfc, CPPt*(Nlt®.NII*)® + II®0,wliicli 
is a yellow amorphous powder formed by tho action of nHromuriutic acid on tho 
hydroxide of tlie preceding series (Clero). 

12. Blplatlnd * tetr«dlatitmoiiiam CompOttndSf R®(Pt*)**(N^H®)*R* ^Olcvo, 
Bull, Soc, Chim, [2], XV. 168). Raewsky's salts (iv. 677) may bo included m tins 
Boriesi 

Iodide, l®Pt®(N»fl^)^I^ — Black powder obtained by adding potassium iodide to tlio 
iodonitrate. 

Nitrates r Iodonitrate, l*Pt*(N*H7(N0»)«.— Produced by tlie action of nitric acid 
on tho oxylodo-nitrate of diplatino-tetradiammonium (i?%/Vrt), according to the oqua- 
tian; — 

PPt*. ^0 ■¥ aN0»H - H*0 + m®(N»H«)«(NO®)*. 

VN*H*NO® 

It is an orange-eoltuired powder wliich dissolves in hot waier and ciystalliscs 
prisms, It contains 8 or 4 mols. of water which it gives oflf at 100®* \ •- 

hot precipitated by silver nitrate in tho cold, but on heating the liquid, silver 

• ^ fonmda that of ,iun]noniuia in whliA 1 at. of hydrogen is ^ 

Qgsm ■ 
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elowljr dopoBited. With ammonia it gives a precipitate of the oxyioJoiiitrato. Hydro- 
chloric acid converts it into a brown crystalline powder consisting of chloriodoplati no- 
diammonium chloride, Pt(01I)(N*H®)*CP. Bromine decomposes the iodonitnito, 
liberating the iodine and forming several products, and amongst others, yellow 
microscopic prisms having the composition (PtI)'"(NH*)» (NO*)Br». 

The iodoEitrato yields, by double decomposition, tlie three following salts : — 

loi^sulphate^ I®(Pt*)(N*H®)*(SO*)® — Yellow, amorphous, insoluble powder. 

lodophoaphatet I®(Pt*)(N®H®)*(PO^II)-.— Yellow precipitate, formed of microscopic 
needles. 

Ibdoxalate^ I®(Pt®)(N®H“)*(C®0*)®. — Bulky yellow powder. 

Basic KitratCf (HO)®(Pt*)(N®lI®y(NO*)*. — ^Formed by boiling the oxyiodonitr.ite with 
silver nitrate, and deposited gradually from the colourless solution as a white crysfail- 
line powder, very slightly in cold water, detonating violently when heated. It contains 
2 mols. H*0, which it gives oif at 100?. 

The neutral^ nitrate^ (NO“)-(Pt”)(N“II®)<(NO*)* + 4H=0, is formed by adding nitric 
acid to the basic nitrate. Resolved by water into nitric acid and tbe basic nitrate. 

The basic nitrate yields by double decomposition the following salts: — 

Chloride^ (OHWPt-XN“II®)^Cl^ + II-O. — ^Whit,o microscopic neodlbs very slightly 
soluble, completely docomposod by silver nitrate. 

Snip hat Cf (OII)*(Pt'‘*)(N*Il")*(riO^)- + 211*0. — ^Wliito ainorphoiis powder, 

OrthopPiosphate^ (Pt^)(S^Ii°Y(VO*y^-f‘2WO. — Bulky white powder. 

Die hr ornate, (0H)®(Pt“)(N‘‘*IT®)XCr-0’)-. — Orange-coloured precipitate. 

Oxalate, (HO)*(Pt*)(N*II®)XC-0^)- + 21PO.---AVlnto precipitate. 

Bromonitrate, Br*(Pt®)(>i'‘‘IP)^(NO*X-l- 2II-0. — Formed by adding bromine to 
the, basic nitrate. Small yellow crystals moderately soluble in hot water. The solu- 
tion does not precipitate silver nitrate. Ammonia throws down from it a yellow exys- 
tiillinc powder consisting of a bromodiiiitrate. The bromonitrato yields by double de- 
composition the throe following salts ; — 

Bromochloride, Br®(Pt)’'(N*lP)*CF. — ^Yellowish-white precipitate, formed of 
microscopic noodles. 

Bromosulphate, Br«(Pt^X^-H*)®(SO*)* + 2H®0.— Yellowish-white precipitate, 
giving off its water at 100®. 

Acid Srcmoxalate, White precipitate compoeed of 

microscopic needles. 


lododiplatinoieifadiawMonium Oiyiodidt, 


NJI'.NH* 

\0 . - 


This is the yellow powder formed by the actaon of ammonia on platinammoiiium iodide 
(p. 900), Nitric acid attacks it, giving off vapours of jodino, and forming the nilio- 
iodonitrato of olatinodiammonium. Pt^^(NO®.lXN-H®)‘(^^0 )“' 


iodonitrato of platiiiodiammonium« Pt^^(NO®.lXN-H®)-(NO' 

Oxyiodonitrate of Biptatinatetfadianmoniumt P(Pt®) 


N*H«.NO» 




NH*.NH*' 

.N^IP.NO® 


677, 678), 


-;^YeUow miooseoplc needles ottoined by the action of “”5 

platinodiammotiiitm (p. lOOO). Nitric acid convefts it into the iodonitrato 1 
tclmdlammonilim above described. . . , * i,,.. tiv 07 

io these oxidised compounds probably belong ? . ^oJutful 

although they are said to rontain 2 or 3 atoms of oxygen, which is doubtful. 

Ammoniaeal Piatinutn-CompettHds eontatning Organv) Sadtcles. 

WiemetliylaMlne and SlliylMnlne salts, (Irl 679), 

'^gotts to tto green salt of Magnus, discoW J 18W ay ethvlamlno 

wj'o.liltowlsoobtwned the corresponding AlowdMwd^l'^ Cm.Kct. fii. 174) 

pUtinum-compoundB have been obtains studied especially the 

'‘“d by Cleve YSnlf. Sue. CMm. PI. 2W). ^ ^ 

ammoniacal platinum-compounds containing phenyls 
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1 . Platoflometlijrlammoniiim. The chloride of this base, Pt(OH^N)^Cl^, appears 

to be obtained by heating the chlorido of platosodimcthylammonium and disBolying 
the residue in boiling -water (Wurta). ^ 

2. IPlatosodlmetbylammoninm. The chioroplaiiniie of this biiso 
Pt"[N*(CH*)“H*]*Ol».PtCl®, analogous to tho green salt of Magnus, is formed by 
the action pf a strong solution^ of cthylamino on platinous chloride, the mixture 
becoming hot and tho chloroplatinito being deposited in tho form of a chrome-green 
powder. On treating it with excess of mcthylamine in sealed tubes heated in tho 
water-bath, it gives the ckloridc, Pt''[N*(CH*)*H*]*Cl*, which solidifies to a crystallino 
mass when its solution is evaporate to a syriip. This chloride is less soluble in 
alcohol than in water. On lioating it to 160^ and treating the residue with boiling 
water, a solution is obtained which deposits small shining crystals, probably consisting 
of the chloride of platosomethylammonium. The green motliylic salt treated with 
nitric acid yields crystals of a nitrate, (NO»)®[N*(ClI*)*II*l*.PtCl®, analogous to Gros’ 
nitrate (p. 999) (Wurtz). 

3. Platoaetbylwnmoniutnt . Only one compound of this 

" ^N(OTP)IP— 

base is known, viz., the iodide, the formation of which will he mentioned further on. 


4. Platoaodlethylammonittiiiaa : Pt: 

and Pt^ • 


.NH®.N(C21P)n=* 


The chloride of the first of these bases, , is formed by boil- 

ing platosemidiamommonium chloride (p. 004) with aqueous cthylamine (Clove) ; 
also by tho action of ammonia on the ethylated green salt of Magnus (Gordon). It is 
not produced by the action of othylamino on the ordinary green salt. It is a yery 
soluble crystallino mass, tho solution of which forms, with platinous chlorido, a com- 
pound analogous to the green aalt of Magnus (Cleve). 

.N^*N{C*H»)^^C1 

Its isomeride, tlie chloride, Pt^^ , is formed by tho action of 

\nH®.N(C*H»)H«.CI 

ethylamine on platosaxnmoniivm chlorido. It is much less soluble than tho preceding 
modification, and crystallises in beautifhl white needles. Its solution forms, with 
potassium iodide, white nacreous scales, Pt[NH*.N(C*H*)II*]*I®, which, when boiled, 
give off ammonia, and ore converted into a yellow crystalline powder. 

Tho chloroplatmite, Pt[NH®.N(C®H*)H®]*CP,PtCl*, forms green shining sparingly 
soluble needles. The sulphate, Pt[NH*N(0®H®)H»P.SO/ +6H*G, is very soluble, 
and crystallises in fine colourless prisms which give on their water ut 100° (Cleve). 


Tho chloroplatiniie of the tetrethylated base, Pt(NH*0*H*)*Cl®.PtCl*, or 
{C®H'N)'*Pt*Cl‘*, is the chamois-coloured salt which Wurtz obtained by the action of 
ethylamine on platinous chloride (iv. 679). 

6. Platosodtbvtylasnmoiiittm. Tho chloroplatinitc, analogous to the green salt 
of Magnus, is a green powder formed by the action of hutylamine on platinous chlondo. 
Treats with excess of hutylamine, it yields the chloride 
amvionia it yields the cA/oric^c 
(Qc^on). 

6. Pldtoaophenylainmonliunfl Pt^ The chhraphtinite, 

PtCl*.N*(C*fi*)*H*.Pt01*, analogous to tho groon salt of Mamns, is 
by the action of aniline on platinous chlorido, but is nptalteretlhy aniline; it disaoiy 

in water when bb’’*^ — — **.««*,« m 

in water, alcohol, 

(Gordon). 


boiled, and crystallises there&om in yellow needles which are inMlwi 
Lol, and, ether, and are not altered by hydrochloric of dilute mtanC aoi 


lie (MTewbnding talt. PtCl».N» (C»BPyH‘.PtCP. is 

Bifldlar in its properues to tho aniljfne salt. Tho s^Udino eaUt ^ 

fbniui whitisih noedtes (Gkizdon). 
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7. natoMdipbenylanimoalniu {Cleve, he. eU.), Pt/ 

Pt'** • 
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N«H«- 


and 


a. The chloride, obtained by heating platosemidiammo- 

nium chloride in a sealed tube with excess of aniline mixed with dilute alcohol, 
is ft white crystalline powder -which may bo freed from coloured products b-y 

-anil'll lll/kflVirvI vxrvf ilOEiimiw. ..I. I ^ 1 1. ‘ m . ^ I ll ^ 


N*H«.C1 


having the composition 

I once obtained a chloride intermcduito in composition betweoru 

tills and the one above described. 

^N^n-NO* 


The nitrate, Pt 




is prepared by the action of aniline^ on 


''N*(C«IP)FI».NO» 

platoscmidinmmonium nitrate. It crystallises in very brilliant rhombic scales often 
li.iving a faint rose tint, duo to the presence of sipall quantities of resinous matter. 
It disHolvcs easily in hot water, and the concentrated solution solidifies in crystals on 
cooling. 


Tho oxalate, Pt 




j-C*0‘ + HrO, obtained by treating the 


nitrate with ammonium oxalate, is a crystalline powder containing 37‘85 p.c. platinum 
(calc. 37*77). 

When tho chlorido, (C?*H*)H^ Gl* solution formed by boiling platO' 

somidiamine with aniline, water, and a littlo alcohol, is evaporated on the water-balh, 

whe 


a strongly coloured residue is obtained ; and this rosidno, when washed with alcohol, 
leaves a whitish crystalline powder, the solution of which in a small quantity of water 
(loposits crystals which, when purified by repeated ciystalliEuitioii, have the composition 


chlorido is analogous to tho chlorido of platomonodi- 
ainmonium, and -is formed by the abstraction of 1 mol. aniline from tho chloride^ 

When tho chlorido, CP, is treated with potassium iodide, ammo- 

nia is given off, and a yellow powder is precipitated having the composition 
analogous to iodide of platosammonium. 

X’ho radicle of this iodide may bo supposed to bo derived from the radicle, 
abstraction of tho two ostomnl molecules, NH* and 
N(C“1P)H* iust as nlatosamiiio is derived from platosodiamine by loss of tho two ex- 


0H» 


to bo presently 


tcrnal molecules NH*t The isomeric chlorido, PtJ 

described, behaves differently with potassium iodide, the' two external molecules of 
nniline being given off, and platosammonium iodide, Pt|jjj£g p being produced. 

The chloride, Pt { platinous chlorido, forming the double 
Balt: ^ ^ 

„fira*.ci.ci 

a brilliant, almost metallic lustre. . 

Tl»« Is formed bj dimolving aniline in a boibng 
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■olntion of platosomidiammonium BulphatOp and sopaiates on cooling in coIoutUbb ptig. 
matic oryetals, which easily give oiFpart of their aniline. 

JB. The chloride, ^7 heating platosammoniurn 

chloride, Pt(NH*)*.Cl®, with water, aniline, and n little alcohol, and separates from tlio 
resulting solution on cooling in thin, nacreous, very light and shining plates. Heatoil 
with nitromuriatic acid, it yields yellow crystals having tho form of platinammoniuni 
chloride. With potassium iodide it forms a yoH'ow precipitato of platosammoniurn 
iodide. . 

The ehloroplaiinite, PtCP[NH*.N(C*II*)n*]-.PtCl*, is immediately precipitated 
as a very sparingly soluble, chamois-coloured, crystalline powder. 

Tho nitrate, Pt(NH*.C®H’'Ny(N02)* obtained by the action of aniline on plntos- 
ammonium nitrate, crystallises in thia very brilliant scales, freely soliiblo in hot, spar- 
ingly in cold water. 

The sulphate, Pt(NII®.C®H’N)'"SO^, forms slightly coloured, very thin plates. 

VOX&Bir. The following analysis of this substance has boon mado by W. v. 
Schneidor (Ann. Ch. Pharm. clvii. 235; Ch&n. Soc. J. [2], x. 175). 

. 29‘8f) p.c 
. 3-08 „ 

. 17-81 „ 


Water 

Ash (chiefly alkaline phosphate) 

Albumin and peptones .... 
Sugar . . ■ . . • 

Pat, fat acids, ccrotic acid, myricin, oleic acid 

Colouring matter 

Coll-membrauo 

Pectin 


} 


2512 „ 

8-98 „ 

7-56 „ 

7-42 „ 

99-86 „ 

The proportion of wax appears to be very small, whence, ns well as from experi- 
ments on the consumption of food consumed by bees, in comparison with the wax 
which they produce, Schneider concludes that boes sccreto wax, and that it is not 
brought into tho hivo with the polleu which they collect. 

POWOatABB. See Tamtalatks. 

BOTASSZVM. On the solubility of thia metal in liquid ammonia, boo Ammonia 

(p. 60). 

On tho amalgam of potassium, see Mrucuuy (p. 786). 

Beparatwn from Sodium . — For this purpose T. Schlosing (Conipt.^ rend^ Ixxiii. 
1269) recommends the use of ammonium perchlorate, prepared by boiling a conwn- 
trated solution of sodium perchlorato with sal-ammouisic, whereby it is obtained in 
fine crystals. The solution of this salt boiled with nitTOmuriatic acid is instantly re- 
solved into a mixture of perchloric, nitric, and hydrocdiloric acids, the perchloric acid 
decomposing tho chlorides and nitrates of tho alkalis, and converting them into per- 

To apply this reaction to the separation of potassium and sodium, the 
tho bases, having been concentrated in a tired platinum crucible, is mixed with t o 
perchloric acid solution prepared as above. The wholo is then evaporated to 
or till white fumes*bogin to appear ; tho precipitated potasrium perchlorate is was 
several times with alcohol, and diesolved. in a small quantity of water to separa 
little adhering sodium-salt; the solution is evaporated to d^ness; 
washed with alcohol ; and the puro potassium perchlorate dried at 250® and v®'8 
Test oxporimonts show that this method gives very exact results. 

Bromide . — On impurities in tho commercial salt, see Ctot. 1870, 0 • 

Oil tha method of testing it, see Fali&res (Chem. Gmtr, 1872, 425 ; Chem* Soc. L 
xi. 191). 


Hydrate , — ^For tho preparation w* — 

700), E. Pollaccl recommends the use of iron instead of copper, as the potasa p 
pared with copper always contains cupric oxide. 

; BMOBnrZTBa On tho crystalline form of this mineral from the Badauthal, 
k. Strong Mmerdogit, 1870, 314; Jahresb,/. Chm, 1870^ 1303 V 

and wuMProMMUto 

Aiddy pbtaSniM‘% hetiapg ^ydromdUtic add irith itiimg anlphunc 

^ ■ ‘ "■ ■ - ' . 
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novAani. C*H*. On dihromo- and dichior<^^r<ipane or fnethplhrMwicet(d and 
fnethylchoraceiolt see Propylknb Brouides and Chlobides (pp. 1010, 1017). 

On nitropropanes, see Pabaffiks (p. 896). 


P»OPAa®Yli COMPOUXrOS. Ethyl propargylate or propargylic ether, 
C®H*OC-'H‘, was di.scovcrcd in 1805 by Liobennann, who ubtainud it by the action of 
potassium ethylate on bromallylcne, and of boiling alcoholic potash on allyltribromido 
(l/fl* Suppl. 958). This ether has boon further iin'cstigatcd by Liubormaim and Krctsch- 
ner {An7i. Ch. Tliarm, clyiii. 230 ; Cliem. Soc. J. [2], ix. 527) ; and propargylic 
alcohol, C*H*0, has been discovered by L. IToiirv, who has likewise examined several 
of its derivatives {Deut, Chem, Gcs. her. v. 274,' 449, 5G9 ; vi. 728 ; vii. 20, 761). 

Propargyl Alcohol^ C*IPO or CHe^C—CII-OII, is obtained, together with 
iiionobpomallyl oxide, by the action of aqueous potash on monobTOmallyl alcohol, 
(jsU-'UrO. It is a colourless liquid of peculiar odour, boiling at 114°-115® ; sp. gr.a* 
0*D628 at 21®. Vapour-density = 1-88 (calc. 1*93). It is easily doconiposeil by elec- 
tronogativt? chlorides, bromides, &c-, and uuites with Bp“, IlBr, aud HCl. It precipitates 
ninmoniacal silver aud copper solutions, forming tho compounds C*Jl*AgO and 
OTr“(Cu®)"0-. With anhydrous baryta it forms tho compound, (IIOC’H®)*Ba.C*II'‘0, 
which ciystalliscB in small plntos (HCU17). 


Ethyl Propargglatet (y^WO or CH = C — CH*(OC-IP). — Liobermann a. Xrotschnpr 
find tliat ally! tribromide is bettor mlapted for the preparation of this other than tri- 
clilnrhydrin, ns it is more easily doconiposod and yields a larger product. At tho com- 
pletion of the reaction, which took five hours in Sie case of the tribromide of allyland 
seven with tho tiicldorhydrin, tho alcohol was distilled off, and tho tlrst portions, which 
coutiiincd tho other, collected apart, the receiver being changed as soon as the distillate 
ceased to give a precipitate with silver nitmte. This last fraction was again rectified 
in a similar manner. A concentrated solution of silver nitrate was now cautiously 
added to tho alcoholic solution of propargylic other, and 011 agitation it became filled 
with crystalline plates of the silver compound. On ndiling ammouia to the filtrate, a 
small additional quantity of silver propargylic ether Avas generally obtained in tho amor- 
phous state. The behaviour of dilute alqoliolic solutions of propargylic ether towards 
silver nitrate was probably tho cause wliy Liunemaun {An^i, Ch. Pharm. cxxxix. 19) 
iuiled to detect it amongst tho products of tho action of alcoholic potash on tnchlor- 
liydrin. In order to prepare tho pure ether from tlio silver compound, it was first 
treated with ammonia to reader it amorphous, and then thoroughly Avashod. Ou dis- 
tilling this compound Avith dilute sulphuric acid, drying with calciuni culondo, and 
rectifying, tho ether was obtained pure. Tlio ether is likewise obtained by the action 
of boiling alcoholic potash on dichloroglycide, and on allylono dibromide, 

0“lI^Br® 

According to Henry Ch^in. Ges. Ber. v. 274), it is best ppcparod by heating 

bromallyl oxide, C»H»OCWBr, with an equal weight of potassium hydrate, tho yield 
being nearly equal to tho calculated quantity. The groator pnrt separates as oil on 
addition of water, and tho remainder may bo obtained as a silver comixiund^^^^^ 

manner aliove described. To remove tho last truces of alcohol and water it must be 
treated with sodium-amalgam. , , * ono /t « 

myl Pnparg^tt ia a moHlo liquid lighter than vj^r, and boiling at 80 (U a. 
K)- at Sio-M". and hoa a epocifle gravity of 0'83 at 7* (Henry) It has . pnatra^g 
iiionr, is Bomourhat solulilo in water, and in all proportions iii alcolwl. ““ 


IS Bomowiiat soiuino in wawjr, m 7 . , -^mnnund 

Wnos directly with it without evolution of hydroliromre ^d. formiog to 


UI HUB Ui reel ly WlCil n WIUIOUO eyumuiuu ^ ,.«|.o,l hv 

WlJr»0.(?H», which is hoavicr than wator 



The crystallino silver cao^oK* of , propargylic other has to com^^^. 
2(^H‘Ag.C)C>H*) + AgNO«: on treating wlulion pro^rgylio 

!uid an amorphous silver compound is fom^. An ^ violds a white, curdy pre- 
etlier mixed with an ammoniiKjal solution of w ver chlonde ^ L- 

cipitato, 2(C»H*Ag.OO»fl») + AgCl, which “Sd silver chloride, whilst 

and is resolved by nitric acid into proiiaTgylic ctn 
silver passes into solution. ,, ommoniacal 

A copper compound, (C)*H*.Oe*H*)*(Cu*)'J, ia ^^fpftate. Cupro^is chloride 

solution of cuprous bhlorido, as on amorphous, P RMnecting the constitution 

without ammraia also fbnas an amorphous wecipitate. nospeciieB 


of those me^iio deitratiyoSi. see Chem, Soe, 


ix. 629s 
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Methyl ^ir<^ar 0 vlate, C*H*OCH*, U obtained by heating mothylbvomallyl other 
CH»OC*ffBr, with alcoholic potash ; sUo, together with mothylbromallyl other, hy 
heating the di bromide of methylallyl other with iolid potasuium hydrate. It boils at 
0l°-62o (Henry). • ^ 

A^nyl I^roparaylatCt C*H*OC*H**, obtained in like manner, is a limpid, nearly scent, 
less liquid boiling at 140®-146®. 

Propargyl Bromides, — The monohromide, C*IPBr or CHj=C — CIPBr, is formed, 
together with C*H*Br*, by treating propargyl alcohol with phosphorous bromide; 
it is a liquid boiling at 88°-90®, and having a sp. gr. of 1*59 at 11°, l*o2 at 20° 
(Henry). 

The tr^romide^ C"n“Br*, prepared by direct adelition of bromine to the mono- 
bromide, is a colourless, non-volntilo liquid, Iniving a sp. gr. of 2*63 at 10°. 

The p^tahrondde, C*IPBr\ forniod in like miinner from the totrabromido, is n thick 
non-rolatile liquid having a sp. gr. of 3‘01 at 10®. 

These three bromides may bo roppesoutod by the following formulae : 


ClI*Br 

1 

CH‘B|r 

CH*Bp 

1 

0 

1 

CBr 

CBr« 

III 

II 

1 

CH 

OUBr 

CIlBi-s 


Propargyl Iodide is produced by the action of iodine and rod phosphorus on tlic 
alcohol ; it boils at about 120°, but decomposes at the same time. 

Propargyl Acetate is readily obtained liy acting on the alcohol with acetyl chlorido. 
It boils at 124°-12fi°, has a sp. gr. 1*0031 at 1^° and a disagreeable odour. 

Propargyl Bulphocyanatet C“H*SCN, is easily produced by the action of the bromide 
on an alcoholic solution of potassium sul^ihocyanato. It is an oily liquid, smelliDg 
like muetard-oil, and decomposed by heat. 

Blpropargyl, or Blallylenyl, C^H^ (L. Henry, Beut. Chem, Ges. Per, vi. 955> 
063). 'When diallyV tetrabromidc is distilled with a largo excess of caustic potash or 
Boda, it loses 2 mols. of hydrobromic acid, and dibromodiallyl^ C*lPBr®, is formed, 
some of which, by the further loss of hydrobromic acid, is converted into dipropargyl. 
This isomerido of benzene is a mobile, limpid liquid, having a high refractive index 
and an odour like that of propargylic ether, but more intense and penetrating. It 
boils at about 85°, lias at 18° the sp. gr. 0*81, and burns with a luminous and smoky 
flame. It is easily distinguished from beiizono by its property of combining with 
explosive violence with bromine, forming the ieirahromvde^ C®H"Br*, a viscid liquid, 
having a faint smoll and bitter taste. Sp. gr. ■« 2*4G0 at 19°. When heated 
it gives oflF hydrobromic acid, and leaves a carbonaceous residue. It combines in the 
dark with moro bromine, forming probably the octohromide, C®H*Br". Dipropwgyl 
gives, with an ummoniacal solution of cuprous chlorido, a greenish -yellow precimtato, 
which, when dried over sulphuric acid, or at 90°-100°, has the composition C'H^Cu* 
+ 2H®0. It explodes at about 1 00°, and when touched with a fliimo, burns with a 
scintillating green flamW.' The silver-compound, C*H^Ag'‘* + 2H®0, is obtained as an 
amorphous white precipitate by advling the hydrocarbon to an o^ous solution of 
silver nitrate ; in the light it soon becomes pinl^ and then black. It explodes beloar 
100°, leaving a residue of carbon and silver. 

The constitution of dipropargyl or diallylonyl may bo expressed by the formula. 
HOsC— CH* — CH* — C = CH, which explains why it forms compounds containing 
2 atoms of a metal, while in allylono, CH~0— CIP, only 1 atom of hydrogen can w 
rep^ced. 

Trhe propaigyl-compounds boil 18°-20° higher than the corresponding allyl-eo™’ 
pounds ; dipropargyl ought, therefero, to boil at about 96°-100°, but it actually boils a 
85°. Diallyl makes, however, a similar exception, for while the allyl-compoundS Do 
at the same temperature as the normal propyl-compounds, the hydrocarbon boils a 
the same temperature as di-isopropyl, or 10° lower than normal dipropyl. 

Dipropargyl tetrabromide, C*H*Br*, is a viscid liquid having a 
bitter taste. Sp. gr. •- 2*460 at 19°, '^exi heated it gives off hydrobroimc acia 
leaves a carbonaceous residue. j 

Oatobtmide, C«H»Br».— Formed by addition of bromine to the totrabromido;^ 
little hydrobromic acid is evolved, and in a few minutes the mass ^ 

crystalUne. Thus produced, the octobromide is a grauuUff 
spontaneous evaporation of its solution in carbon sulphid^ distinct 
of considerab^ oize miyr be obtained. It is colourless. Strongly 
slightly of canoiphw. ft n\elts at 140°-I4l°, and sol^idesat 180?. T®. 
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PllOPIOarAMlOB, 0*H»0.NH* (F. Scstini, Oinunto, iv. 21). This compound 
is best prcpnrjxl by mixinfr otliyl propionato with 6-6 times its volumo of strono- 
ammonia, leaving the liquid to stand for 3-4 clays, and shaking the mixture from 
time to timo.^ The liquid is lirst concentrated on tho wator-bath, and thou evuporateci 
over sulphuric acid to tlio consistence of a fi 3 friip, which is exhausted witli ether, the 
solution evaporated, and the rosiduo recrystallised from ether or chloroform. 

I*ropionaniido is colourless, readily soluble in cold alcohol and ether, from whicli it 
crystallises in radiate crystnllino masses, or in prisms grouped in fascicles; from 
chloroform it crystallises in pearly scales. It melts at 76°-76®, and solidiaes again 
ftt 50® ; at a higher tomperiituro it sublimes. 

Propio7i(imide Hydrocldoridc^ (C*Jl*ONTl®)-ClII, is obtained by passing hydrochloric 
acid gas into nn omorcal solution of tho ami do ; the liquid separates into two layers, 
tho lower of which contains tho liydroehloridc, which is isolated by washing several 
times with ether and evaporating over sulphuric acid. It crystallises in needles very 
spjiringly soluble in other, readily soluble in water and alcohol, and having an acid 
reaction. 

Merciiry-propionamide^ (C*H*O.Nn)*IIg, is obtained in largo colourless quadratic 
plates by heat ing an aqiioons solution of tho amide with mercuric oxide to 00®, and 
leaving tho solution to evaporate slowly ; it dissolves sparingly in cold, readily in 
boiling water. 

was obtained by adding drop by drop 3 pts. of 
propioiiyl chloride to 10 pts. of well-cwdcd aniline. It crystallises from water in 
Kinall micaceous plates which melt at 92® ; at a higher tomperatiiro it suldinins par- 
tially. 15y boiling it with acids or alkalis, it is decomposed into propionic acid and 
iiiiilino. 


PROPZOirZG iLCZXIi C“IT®0’ = C®H*.C001T. Formatmi. — o. By oxidising 
allylcno with aqueous chromic acid (Bertholot, Ann. Ch. Phys. [4], xxiii,^ 212). 
p. By the combination of carbon monoxide with potiissium ethylate : CO + C*IPOK 
rs C'‘*Jl''.CO“JC (Tlngemann, IJeitt. C/iem, Gca. Her. iv. 877). 7 . By tho fermentation 
of calcium succinate in contact with microzyrao chalk (Ijj^ Suppl. 614), and a small 
quantity of meat : 

2C^H«CaO* 4- H*0 - CO» + CO»Oa + (0»H®070a 


(Bccliamp, Co7npt. rend. Ixx. 099). 

Preparation, — 1. By Oxldatmi of I^omial Propi/l Alcohol. Pierre a. Piichot {Ann, 
Chim. Phya, [4], xxviii. 71) add a mixture of propyl aleoliol, wntor, and sulphuric 
acid to a solution of potassium dichroniato to which sulpluiric acid has boon added. 


bi Older to obtain the acid in a concentrated form, its potas.sium salt is treatou viiii 
siilphuric acid diluted with a small quantity of water, the whole being kept for some 
tiuio at a temperature of about 80°, when tho propionic .acid separates us a yellowish 
liquid which may bo decanted from tho saline ressidue. Tho crude acitl thus obteiricd^ 
orystallises on cooling, but after distillation it no longer posscssc-s thi» property ot 
crystulUsing at the ordinary tempopaturo, the crystallisation being apparently 
tilted by the presence of a small quantity of potassium^ bisulpliate. Iho acid liquid 
thus obtained yields, on fractionation, pure propionic acid, 

2. F^'om Lactic Acid by the actiofi of Ilydricdic Acid , — This reliction, discovOTed by 
Uiitemann (iv. 730), is recommended by A. Freund (J. pr, CVjm. .[2], 446) as a 

‘oiiveriicnt modo of preparation. 60 grams of iodine suspend^! in 140 9* 

vviitor are coni’-erted into nydriodic acid by means of siilphydric ncid^.aud the ^ 

»ck 1 thus obtained is placed in a retort with 60 grams of lactic acid, after which pe 
wxturo is distilled until about 100 grams of liquid have passed over. 
nbo being now adapted to the apparatus, the contents of tho retort are digos ci 
il»ut four hours, ^vhon the iodiue, -which by this timo has 
onsiog tube, is Trashed back into the retort with tho 100 grams of f 
w® end Bulphydric acid is passed through the mixture m order to , 1 ^ 

frM iodine, file deposited sulphur being removed, 100 “f 

'ff. tho contents of the retort are digested for , wic acid 

ernes of operations is repeated six pr seven timos, the . . ,n„tomed 

[“'“S by this timeconvortodinto propionic acid; almost thowhole of ^ 

; «>« 100 grams drawn off after tte last agestion. .T*"* ‘ 

''th 60 gBims of water, Mid distiUed as lone as the liquid which to^Mwer^p^^o^^ 
P^ptiblo turbidity in s solution of lead prOTionato. ^ ^mixed -with lead 

'opionic acid thus ol^ned is neutralised with sodium to 

wponate to remove small* quantities of iodine, then altered and eTapwatea to 
■ 8T 
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dryneBi, andthedry^ sodium propionate is fiisod, pulverised, and decomposed liy a strain 
of di^ hydrochloric acid gas as recommended by Llnnomanu {Ann. Ch, Phqv^ 
cxlviii. 261). The propionic acid thus liberated is distilled oif and freed 
hydrochloric acid by passing ji stream of dry air through it. 

’ Lactic acid thus treated yields from 61 to G2 p.c. pure propionic acid. No acetic 
acid is formed in the process, the only secondary products being small quantities of 
aldehyde and a gas which burns with a bluish flame. 

iVqper<MS9.— Pure propionic acid boils at 139° (Freund), at 14071® (corrected and 
reduced to 760 mm, pressure ; Linnomann), at HI -6° under the same pressure (Piem* 
a. Puchot). Sp. gr. =0-9961 at 19° (Linnemann), 1*0143 at 0°, 0 0607 at 49-6® and 
0*9062 at 99*8° (Pierre a. Puchot). Its odour recalls that of glacial acetic acid Imd 
that of butyric acid (Pierre a. I^chot). It mixes in all proportions witli water iy 
optically inactive, and does not solidify at — 21°. It is not separated from its aqueous 
solution by salts, or even by phosphoric acid, and only the concentrated acitl is par- 
tially dehydrated bjr oilcium chloride, a considerable quantity of hydrochloric ucid 
being at the same time set free and lime dissolved. The dry acid quickly absorbs 
water from the air (Linnemann, Ann. Ch, Pkann, clx. 195). 

ProyiionateA. — The neutral ammonium salt, C*II*0*(NIP), forms long slender 
prisms, very deliquescent, easily soluble in w'atcr, insoluble in ether. When its con- 
contratM solution is left over sulphuric acid, an acid salt, C'*IPO-(NiP).C*Il®0^ 
crystallises out in small quadratic plates. On distilling the neutral salt, the acid salt 
passes over, crystallising in six-sided plates which melt at 45° (Kestini). 

The ri/tvr salt, C*ll*0“Ag, crystallises from cold or from hot solution in shining 
leaflets, or in largo brotvl shining noodles, according to the degree of ooncontration 
(Linnomann); in masses of fine silky anhydrous needles which execute gyrabiry move- 
ments during the process of solution in water (Pierre a. Puchot). Dissolves in 119 pts. 
of water at 19°, and is anhydrous at 100° (Linnemann). 

The hariiim salt may be obtained in large crystals by allowing its solution lo 
evaporate spontiineously, or as u granular powder consisting of snmll crystals by cool- 
ing a hot solution. The crystals dried hytho heat of the sun conbiin (C*k®O*)’li:i.ll -0 
(Pierre a. Puchot). ^ The salt is anhydrous at 100°, and crystallises by evaporation 
over sulphuric acid in scales which clissolvo in 1-67 pt- water at 17°, 

The calcium salt czystolliscs when its concentrated solution is left over sulphuric 
acid in transparent laminae which dissolve in 1*87 pt. water at 17®, and when dricil 
at 100® have the composition (CnPO*)*Ca.II*0. 

Tho neutral lead salt, (C‘II*0*)'‘*Pb, is easily soluble and remains as a gummy mass 
when its aqueous solution dries up. Tho very ohaRicteristic basic lead salt is always 
formed when propionic acid or tho neutral salt is triturated with excess of litharge 
water, and the mixture is dried over tho wator-bath. If tlio residue bo drcnchiKl 
with cold water, and the Altered solution heated to boiling or evaporated at the boil- 
ing h^t, tho salt aeparates suddenly and almost completely on stirring, the solution 
sometimes becoming nearly solid. Dried over sulphuric acid it has tho coniposition 
3(C*H*0*)*Pb + 4P1^. It separates in ncocllcs or as a crystalline powder, which 
gradually dissolves in 8-10 pts. of Tvater at 14®. This salt aflbrds a ready meius of 
separating propionic acid from formic, ticetic, and acrylic acid. The solution mixed 
with lead oxide and water is evapomted to dryness, the residue is oxhaustesd witli cold 
water, and tho basic lead propionate is precipitated by beating the solution. Pseudo- 
propionic OP butyracetic acid does not exhibit this reaction (Linnemann, loc, cit.) 

Eth^ Propionate, C*H*O.C*H*, is most easily prepared by distilling a mixture of 
24 pts, alcohol of 96 p.c., 18 pts. propionic acid and 4 pts. sulphuric acid (Sestini). 

Bromoproplonlo Aetds. Vihromopropionic acid, Three 

niodiflcations of this acid arc possible, viz. : 


CHBr> 

CH» 


CO< 


OH 


CH*Bp 

Al 
A 


OTBp 

oon 


CH* 

Abp» 


OH 


and of thes^ the second and third, distinguished as a and iS, are known. 

a^P^romopropionio acid (Friedel a. Hachuca, CompU tend, liv, 226; 
a. Tollons. Ifeirf. Okem. Ges, Ber. vi. 616). This modifleation is formed by the 
of bzomihs, at 140®, on monobromopropionin add, t!H*— CHBr-r-^COOH, 
therefore heflii^resented by the second or Uiird of the preei^ihg fcfftixui^ ; 
howsvePf belongs, as will be prmiontly seen, to the jS-modincatiott ; consc^fltly 
must 1^ represented by the ^ 

This add when pure fo^ms microscopic rectengnlar plalmi, inelli|ii|| at 04* 
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at 610 (Hnhppi a. Tollona). A miituro of tho -and wmains 

•OmSd for a long timi^ and on y a^r aoino weeks yields very deliquescent micrSo 
<“V ^ «-aa|,<lwtils St 227® (Ht 220=>-2210 acceding to 'MlTs) 

with slight decomMsition. Silver rado, in presonco of water, transforms it into a 
non-brouiintited aciu, the ciilcium salt of which is precipitated by alcohol fl^riedt'l r 
M achuca). w'lth zinc and sulphuric acid, it is converted into propionic acid 

(Philippi a* Tollens), * ^ 

Barium Dihroi^pionate, (C»n»Br^O*)*Ba + 911*0. forms efflorescent needles 
which give olF all tlieir water at 90°. The calcium salt, (OTI=*Br-0*pCa + 2H*0 
forms silky noodles which also give off their water at 90°. ’ 

EthylJHbromopr^^aU, 9»H*Br*0*.CW, obtained by the action of hydrochloric 
aridg.'ison an alcoholic solution of the acid, forms a liquid of camphoroua odour, boil- 
ing at 190°-191°, and having a specific gravity of 1*7530 at 12° (IMiilinoi a 
Tollens). 

fi-Dibromopropionic acid, CIPBr— CHBr— COOH (Miinder a. Tollens. Deut, 
Chem. Ges. Her, v. 7.3 ; A7i2i. Ch. Bharm. clxvii. 222).— This acid is formed by the 
oxidation of the so-cnllod dibroinido of allyl alcohol, C>H<ljr'-l) (p. 48), which is really 
ft glyceric djbromhydrin or a dil)roraopropyl alcohol. This compound, gently heated 
lyilh nitric acid of sp. gr. 1*4-1 *48, yields the dibromiiiated acid in crystals, or if 
stronger nitric acid is used, as an oil which solidifies wIilmi dried in tlio water-bath. 
The crystils are purified by draining, washing with a little Wsitcr, pressing between 
bibulous -pper, then melting them, and leaving the fused mass to solidify, again wash- 
ing, pressing, melting, &c., and repenting this troatmont till the acid melts constantly 
at (>20-64°. 

The formation of )8-clibroinoprdpionic acid from allyl alcohol dibromido is represented 
by tlio eqmition : 

0H*Br— OHBr— CH‘-OH + 0» = H*0 + CIPBr-CHBr— COOH. 


It i.s also formed by heating a-monobromamylic acid with 3 or 4 pts. of hydrohromlc 
acid to 100° : 

CH^ZlOBr— CO*H + HBr « CIl*Br— CHBr— C0*1I ; 


and, lastly, from a-dibromopropionic acid. by heating with hydrobromic .acid to 100° for 
a week. This romarkiible example of a molecular cliaugo Tiiay bo explained by 
supposing tliiit tho a-acid, which at 120° is quickly resolved into hydrobromic acid 
and a-bromncrylic acid, undergoes the saino cliango slowly at 100°; thus: 

CH»— CBr*— CO=H « CH*— CBr— C0*B; + HBr, 
and that the hydrobromic acid then acts on the bromacrylic acid in the manner above 
mentioned (Philippi a, Tollens, A9iu. Ch, Pharm, clxxi, 333). 

jS-Bibromopropionic acid forms rhombic or prismatic crystals belonging to one of 
die oblique systems. Its melting iwiut is liighor than thnt of the a-acid (61° accord- 
ing to Tollens). It boils with partial decomposition at 220°-240^. When quito pure 
it smells liko propionic acid ; the impure acid has a pungent odour and blisters tho 
Khia more strongly than the pure acid. 1 pt. of water at 11° dissolves 19*45 pts. of 
the acid ; calcium chloride and nitric acid soparatoit from the nquoous solution. 1 pt. 
of ether at 10° dissolves 3*04 pts. of the acid. Alcoliol dissolves it freely. It is not 
dcliquesconU 

fi-Dibromopropionic acid heated ^^\hdlGoholiG potash is converted into bromacrylic 

acid: 


CH*Br— OHBr— CO»H + KOH - H*0 + HBr + CIPziCBr— CO*K. 
Treated with eino and dilute sulphuric acid, it gives up 2 at bromine and is con- 
certed into acrylic acid— 

+ Zn « ZnBr* + CWO* 

(W^er a ToUena, JkiA Chem. Oet. Ber. vi. 618 ; Ann. Ch. Pharm. clxxi. 840). • 
When ammonia iipaaoed into its aqueous solution, Inminnr 

composition of ammonium amidobroraopropionato,C*lI Br(NH )0 .NH 

IMunder a. Tollens). 

j,^il»romopropionates , — The potassium salt, forms tabular ciystols. 

C*H*Br*0*Ag, is a white, microscopically crystalline precipitate. ^ 
^ 2H*0, obtained by neutralisation, ciystallisos from 

U^ol in «}^ needlos whidv effloreseo over sulphuric acid. The 

u!?,'* “ Boedlas about half aa inch long. The lead tali is basic and contains 

^‘a ptopozOd by satutating the solution of the acid 

8 T a 
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in methyl alcohol witli hydrochloric acid, and separated by 'water, boils nt 203® nndep 
a pressure of 746 mm. It is colourless, slightly oily, and has a fruity odour. 
ethylic etJier, O^IPBr^O*.C'ii\ is colourless, has a somewhat fruity odour whrii dilutu 
boils at 211®-214^ under a pressure of 746 mni., and has a density, of 1*706 at no 
1^77 at 16®. The allylic ether, has a disagreeable odour ; Loils uJ 

2160-820-’ under a prossuro of 746 mm. Bp. gr. 1*643 at 0° ; 1*818 ut 20 ° 
(Miindor a. Tollons). 

Cbloroproplonlo ikeids. Only one modification of monochloropropiortic acid is 
at prosent known, viz. the a-acid, OH* — CHCl — CO'HI. The acid produced by tl>e 
action of phosphorus }^iitac]iloride on glyceric acid, and supposed by Wicholliaus to 
consist of /S-chloropropionic acid (Is^ Stijjpl. 060), has been shown by Worigoa. AVcriicp 
{Ann. CK Pharm. clxx. 163) to bo a chlorinated acrylic acid. 

a-Cliloropropiotiic acid boiled with aqueous ammonia yields a largo quantity of lactic 
acid, together with alanine. Alcoholic ammonia acts very slowly on the acid, but wiicn 
its action is strengthened by tlio addition of a little concentrated aqueous ammonia 
alanine and etliyl-lactic are formed, together with lactic acid. When U'chloropro- 
piouic acid is heated with alcohol, a-chloiopropionic ether is formed, but no ethyl-lactic 
acid (W. Heintz, Ann. Ch. Pharm. clvi. 26). 

Piohloropropionio acid, C*Il^Cl-0. — Of this acid there are two modificaliona 
analogous to those of dtbronioproplonic acid. 

a-Dichloropropionio acid, ClI* — CCf* — COOII. — The othylic other of this acid is 
obtained by the action of iilcuhol on the chloride formed by the action of phos- 
phorus pentachlorido on pyroracomic acid, Cli* — CO — CO®l.f. Tliis ether, 
CH® — CCl® — COOC®H®, is a colourless liquid having a plensant otlour of apples, a 
•specific gravity of 1*2493 ut 0®, and boiling at 160®. Hoabd to 130® with water it 
yields pyroracemic acid. Dilute ammonia converts it into dichloropropionamtdo, 
C*1I®01*0.NH*, which is soluble in alcohol, crj-sstallises in largo rectangular leaflets 
melting at 116®, and volatilising before fusion w’hen heated in an open vessol. Tin; 
ether treated with boiling milk of lime yields an acid which, from the composition of 
its dilcium and barium SiiJts, api)ears tobocarbacotoxylio acid, C*II‘*0* (Klimenko, 
Deut, Chem. Gee, Per. iii, 406 ; v. 477). 

fi^Ptchloropropionic acid, CIPCl — ClICl — COOII, is formed by the action of 
water bn the crude product obtained by treating glyceric acid with phosphorus penta- 
chloride. This product contains the chloride, C®Il®OCl", and when treated with 
alcohol yields ethyl a-dickloropropionate, which boils at 180°-190®. This ether dis- 
solves without residue in baryta water oven w’hcn dilute, and on removing the excess 
of baryta with carbonic acid and evaporating the solution, either in a vaciimn or at a 
temperature not exceeding 70®, the harium mlt, C*lT-Cl“Ba + IDO, is obUiinod in 
mnnimellated crystals. The solution of this salt is decomposed by alcohol and ether. 
The dried crystals become heated in contact with M’ater. By treating this salt with 
silver sulphate, removing the excess of the latter with barium hydrate, anti the oxerss 
of baryta with carlmnic acid, barium chi oracry late, (<J*il®C10®)®Ba, is obtained, 
its formatiou taking place as shown by the equation : 

2(C»H»Cl-0,C®ID) + 2BaIPO® = Bad® + 2C®IPO + 2JPO + (C®IPC10“)’lla. 

Blchloropropiouic cbher Barium chloraciylatc 

The decomposition of this barium s;ilt by sulphuric acid yields chloracry lie acid, 
which crystfillises in small rmliate noodles, is very volatile at ordinary tomporatiircsj 
has a strong and peculiar odour, and molts at 66®. These are tlie proporbirs winch 
Wichelhaus ascribed to his B-chloropropionic acid. This acid, treated with, silver oxide, 
yields silver carbacetoxylate, together with metallic silver and silver chloride: 

C*H®dO® + 2Ag*0 = Ag» + AgCl + C*lI»AgO*. 

Chloracrylio Silver carb- 

odd aootozylato 

The flocomposition of ethyl dichloropropionato may also yield an arid, probably 
having the composition of monochlorolactic acid (Werigo a. Werner, Ann. Ch. Pharm- 
clxx. 163). 

nopn A&COKOU and STBBSB. Normal Propyl Aloohol, 
CH*— CH* — CH*OH. — The most imjDoztant results of recent investigations on tn® 

■ formation^ preparation, and properties of tliis alcohol are given in the 1«< ^PPfj 
PX>. 963, 964. Bossi’s method of preparing it from ethyl alcohol is described in aetsn 
in the Gazeeita ehimiea Maliana, \. 230-236, and a full abstract of tlio paper is 
in the Jountci^ of the Chemioal Society, [2], ix. 1030. ^ , 

Linnemanii {A^. Ch. Pharm. clxi. 18) preparos normal propyl alcohol -fi^ 
prcipionic arid by distilling a mixture of pure and dry propionate andfioinii^ ” 
calrinm^ Bad reduring the propicm^ aldehyde tlius obtained with imdiuiit amalga^ 
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Linnemann’s metliod of separating normal propyl alcohol and isobntyl alcohol from 
a mixture of fermentation alcohols by means of his apparatus for fmctional distillation 
(p. 486) is described in Ann. €h. Pharm. clx. 195 ; abstr. Zeitackr.f. Chem. [2], vii. 675 ; 
Jnhresh. /. Citem. 1871, 397. Tor Pierre a. Puchot’s method of effecting this separa- 
tion, see Covipt. rend. Ixx. 406 ; Jahresh. 1870, 421. 

Allyl alcohol, heated with potassium hydrate, yields a mixture of alcohols, which, 
v.hen converted into bromides and fractionated, gives a mixture of ethyl and propyl 
bromides, and the latter, when oxidised, yields propionic acid, with scarcely a trace 
of carbonic acid, showing that the allyl alcohol has boon converted into normal propyl 
alcohol froo from tho iao-alcoliol (Tollens, Zeiischr.f. Chem. [2], vii. 242). 

According to Liiiucmann {Ann. Clucm. Pkann. clii. 26) pure normal propyl alcohol, 
prepared by distilling propyl benzoate with aqueous potiish, boils at 97*41® and has a 
sp, gr. of 0*8060 at 1 5'^. ^ ■» 

'Respecting the conversion of normal propyl alcohol into isopropyl alcohol, see 
below. 



Pierre a. 

II at 16°, 

1'2589 at Oi'Z", Lue coeinciyiinu rxpivnsiuii lucitiif'int; Accord- 

ing to Linncmaiin (/oc. cit.) it boils at 70-82°, and has a sp. gr. of 1-3597 at 16° 

Mou(diromoproptjl Bromide, C^ll«lir- = Cli-Dr -Clis— ClPRr, is formed by hcat- 
inff 5 cranis of propyl bromide and G o gi-ams of bromine for four hours to 130°-140°. 

It boils at 141°-1G1° and luis a densitv of 19463 nt 17°. AVith acclic arid and zinc 
it vif'lds propyleiio. Heated with 6 vols. water to 200° for si.x hours, it is decomposed, 
Yielding hydrobroniic acid and accloiio. Prom those n^actions it appears to be iden- 
tical UMt'h the propylene dibromide formed by tho action of bromine on isopropyl 
bromide (Liunomann, loc. cit.) 

Propyl Chloride, CWCl, is a limpid colourless liquid 
sliHitly 'alliaceous odour. Roils at 46-5°. O ^loG at 0 , * 

0-8671 at 39® (Pierre a. Pucliot, Ann. Chim. Ph/s. [4), xx. 234 ; Jakresh. f. Chm, 
1871 372 Chem. Soc. J. [21, ix, 808). Liniicmann, by heating propd iodide with 
Mn’e nionodiloridc, obtaiuca 

of 0'91G0 at 18® ; by heating tbo iodide wtb mercuric ‘o 

cblorido wa« obtained boiling at 46-44°, and having a »p. gr. of 0 89o9 at 10 . 

Propyl JoJide, Cll'I, obtained by trotting the pura ^ 

into liiopyl 

or mercuric oxido on a solution oi Uio loo nviibi orouvl acetate, and propyl 

Si? ~ ™ 

Propyl Acetate is a mobile li<^i^, — 0-8992. 

b.: sitt t-- mi 

smell at tho common temperature, but it« t apow m im^ R 
Uoiling point, 229-47®: »p. P- ”■*' 16° 0316 tbinnc^ ) 

Boroproptflic -E<Act-.-Wh® u c^«nt^^«re.bo™n^^^^ tvobi^ra of 
alo«ly into anhyAtou* propyl miriflcation vields boropropylie efber (or 

liquiJ are formi. The upper lay«, >ie^i ^ 

A)o»rf boride), B(OC>H’)*, which » a colou^®, moum tiqu . „ burning 

it 16®, bSiKng at 172®-17S®. e&n*! d««>lve it 

seneation and leavea a dightly bitter ‘ being deposited. Propoxyl bondo 

readily. -Hie oqueong f fumes if bone lad being at tlio same time 

burns with a green-edged flame, aenw 

evolved (Cohoure, CSunpf. rmd. l»vi. 1 jj* . „,oa„cod, together with 

Propyl AllophanaU. .Ca'^O* - > 0^- ^ TOBrly hwiinm 

pwpyl urethane, by the action of P .P?. , Uot water and in alcohol ^Oahoa»). 
digWly soluble iu' Sold water, very 
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Propyl Carhdmato or PropyUurethane, C^NH»0 « CO.NH*.OC*Hs fonnod 
at (ho same timet according to the equation : 

CO(NH»)* + C»H'OH - NIP + CO.NH*.OC»n’, 

may bo separated from the excess of nrea by digesting with ether, evaporating the 
ethereal solution to dryness, dissolving in a little water, and evaporating the aqueous 
solution. It forms long, colourless, shining prisms, readily soluble in water or alcohol 
It melts at 51®-63®, and boils at 104®-106® (Cahours). . 

Tripropyl Biuret, CON*(C*H')».CONJB[*— When a mixture of potassium propyl- 
sulphate and potassium cyanato is distilled, propylene is given off, and a yellowinh 
solid distillate is obtained which, after crystallisation from alcohol, is found to have 
the composition of this substance (Hoemer). 

Propyl Sulphydrute or Propyl Mercaptan, C^IPS = CH* — CH* — CIPSIT, is 
obtained by digesting normal propyl bromide with an alcoholic solution of potassium 
sulphydrate, distilling the pr^uct, and adding water to the distillate. Umler theso 
circumstances the mercaptan is precipitated as a colourless mobile liquid, having tho 
chnrcicteristic odour of mercaptans. It boils at 67'’-68°, is not quite insoluble in 
water, and unites with freshly precipitated mercuric oxide, forming the mcrcaptido 
(C*H^S)®Hg, which crystallises in shining leaflets melting at 68° (if. Ilocnior, Ikni 
CAem, Gee, Ber. vi. 785). 

Propyl-dieulphocarhonic ‘ Acid» — ^The poL'issiiim salt of this acid is obtained in 
shining yellow needles by adding c^irbon disulphide to a solution of potissiurn liydraio 
in normal propyl alcohol, and crystfillising the yellowish mass which is deposited. Tlio 
addition of an acid to the potassium salt causes the sopariition of free propyl disuljdio- 
carbonic acid in the form of an oil which soon decomposes (Roomer). 

OH»— CII*~CH* 

Propyl Sulphide, (G*H')^S ■■ (Cfihours, Compt. rend. 

CII»— CH*— 

linvi. 133). — ^This compound is readily obtained by heating potassium monosulphido 
with iodide or chloride of propyl in alcoholic solution, the action being completed at 
the temperature of the wator-bath in sealed tubes. Must of the alcohol is evaporated 
off, and the residue treated with water, which leaves undissolvod a fetid oil lighter 
than water, boiling at 130°~135° after dcsaication with anhydrous calcium chloride, 
and of specific gravity 0*8 14 at 17^. 

AVhen treated with propyl iodide and a little water in sealed tubes, this sulphido 
gives rise to a sulphinc-iodide, S(C*I1’)*I, and this iodide, treated successively with 
silver oxide, hydrochloric acid and platinum chloride, yields a platino'chlorido con- 
toining [S(C*H»)*ClJ*PtCl\ 

Similarly, propyl iodide combines with the sulphides of ethyl and methyl, giving 
rise to the comjiounds S(C*II’)(C®H*)*I and S(C*H’)(OH*)*I, which form the platino- 
chlorides — 

[S(C*H»)(CH»)*.Cl]*PtCP and [S(C»H')(C*H»)*Cll*PtCP, 

and the iodides of ethyl and methyl combine with propyl sulphide to form analogous 
compounds. 

MBTAL 1 . 1 G CoupoTTWOB OF PuoPYL (CaliouTB, CoMpt, rend, Ixxvi. 133, 1383). 

Mwcury-propyl, — When propyl iodide is treated by Frankland a. Duppa’s process 
(action of sodium amalgam in presence of acetic ether), mercury-propyl is obtained, 
forming a liquid insoluble in water, slightly soluble in alcohol, and readily soluble in 
ether, boiling at 189°-191°, and having the specific gravity 2’124 at 16°. Iodine and 
bromine combine with this substance with great energy, producing crystalline com- 
pounds crystallisablo from alcohol. 

Zinc-prapyl is formed by acting on morcury-propyl with sine at 100°-120°, or by 
treating propyl iodide with an alloy of zinc and sodium. 

Mundnium^propyl is produced by acting on merenryopropyl with thin aluminjM® 
foil at 120° in sealed tubes ; it distils in hydrogen at 240°-245°, and is decomposed by 
water with production of gelatinous alumina. 

Glv^mm^propyl is formed by acting on mercury-propyl with thin plates of 
in a sealed tuba at 130°*186°, and distilling the product in an atmoimhere of 
anhydride. 'AitOr rectification it forms a colourless liquid, bqiling at244°-246 ,ana in 
contact with the aifi giving off dense fumes which sometimes take lire. ^ At —17 « 
thick oil. Water decomposes it with violence, forming large quantities of gaa 
gluduun; hydrate. ; 

Btanwipri^l (kimpoui^k^Oxi treating prwvl iodide vrith tinfoil or 

Oftin iiwimaim 9imMtrtpr<^JodU^ is ioMed#jBi^: 
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heatioK in the n«tei-bath in sealed tuhea beinw im. . 

tube »M treated with ether, and the eaoreal gdntS !!? h, 3^®“ contents of the 
a liquid boiling at 26S“-272® passes mm tin-OTm^nd is distilled, 

pure stannotripropyl iodide, boiling at 260®3!2ro® ^On 

strong aqueous potash, tiaHnoiripnpul Cdrate Snf nm ^ wU* 

oil, which concretes on standing to a “ oblmncdaea heavy 

laced prisms having an alS mXTthTs 

with caustic barybb forming »lon 


SnTO'OssIWlIlo 


vhicli is reconverted into the hydnato bv aflrliYmn it- 

wirh this oxide .1 compound but little solnblo in wnfni. 1 forms 

from silcohol; similarly acetic*, formic, butyiic ficids in fine prisms 

sisxs'u”-"- rassari 

Isopropyl Alcohol, CH*— CHOH— CH» Tbii. , , , , . 

ing normal propjlamino nitrite, prepared by iisUlling the hydr^cM wi!? aZ 

11^ 

CH'— CHH— \h ° CH»-CH0H-CH* + N» + H*0. 

I " Isopropyl alcohol. 


0=N=:0 

Kormnl propylamine nitrites 

fornmd^thoSon! nitroscdipropylamine, 

2[(C>H»)H»N.NO^II] « N* + 3H»0 + N(C“H»)(C>I1*K0)H. 

s%e’Crrf"th“wl‘“LTh“ 

a»aXrdeSi™y of feTl™" ^ “”•) 

prepared from it by tho action of hydriodie acid, boils at SO-SO® 
The iodide, bromido, and ehlorfde of isopripyl areVaSy 
dotomp^ by wntor, and when heated to 100° for 48 hours, dissolve in 12-8 and 
X MO) (Linnemann, Ami. Ch. Pharm. clii. 26 ; Cltem. Soe. J. [2], 

^ <%ier^«« Gmfle on tie Midei of JVimBl-Isoptopyl iodide is 

« p dly dccoinpoeed by nuc alono at its boiling point (89°), whereas tlie normfil iodide 
8 uecomposed very slowly by zinc, even at its higher boiling point (101°). The iso- 
lX)Uiia 18 decomposeti by the copper-zinc couplo at about 50°, tho normal compound 
aoout 80 . In tlii.s decomposition half of tho iso-compound is split up into 
p manent ^ses, whereas little, if any, of tho normal compound is decomposed in tliis 
^“®*^sultiDg liquid in the one case (zinc-isopropyl?) is scarcely volatile; 
boil' ” vapour, notwithstanding its high 

• ““S The first is decuinposod at about 132°, giving mainly gases andmetallic 

« ; tlio second distils over unchanged at a higher temperature, 
nl-iiv^^ hetwwn the propyl i^ide and water, or alcohol, with the couple, takes 

rapidly in the case of tho iso-compound them in that of the normal 
>wt S*th°*8**^ making its appearance during the decomposition of the first, but 

it these results with those obtained with tho ethyl and amyl compounds, 

an ** normal, and not the isopropyl iodide that is acted upon in 

crvsMr manner. The main difference perhaps is that there seems to be no 
j taiiine propyl-iodido of zinc, but that the reaction is mainly, if not wholly— 

2C»H»I 2Za - Znl» + Zn(0«HO^ 

WWstone a. Tribe, Olsm. Sie. J. [2], xi. 960). 

Ws Bttbmittod to the action of chlorine in sunshine in a flask 
DpntwT yields two compounc^ having the composition C*fI®Cl*, viz. dicliloro- 
difW vi ®®^l*dichlorethBne or melhybeUoracetol, CH*— Cl®— CH^ and propylene 
'"^aionde, CH*— CHCV-0H»C1, tho being the more abundant. The preseuco 
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of a trace of iodine facilitates the formation^ propylene dichloride at the expense of 
the dichloropro^ane, and by the action of iodine chloride in scjiled tubes, propylene 
dichloride only is obtained. Isopropyl bromide is converted by bromine into propy. 
lene dibromide (Friedol a. Silva, Cornet rmd. Ixxiii. 1379). 

Isopropyl formed by the action of adilute othcreul solution of the iodulo 

on silver benzoat42, remains, on evaporating its cthorcii! solution, as a faintly yellow 
oily syrup, insoluble in water, and splitting up when heated into benzoic acid and 
propylene (Linnemaim). 

Isopropyl Formats, C“II’.CIIO®, prepared by the action of isopropyl iodide on 
cupric acetate at 120°, boils at 65°-C7® (bar. at 447 mm.) Tho cyanate, C='H*.CN0, 
o1)taincd by treating the iodido with silver cyanatc, Imils at 74®. Mono~isopropyl lai:- 
iate, C®H^,C*H*(0H)0'‘*, obtained by heating lactic ncid with isopropyl filcohol, boils at 
166®-168°. (G^IPy-.O’Il^O*, formed by tho nction of isopmipyl 

iodide on tbo sodium derivative of the preceding ether, boils at a .slightly higher 
temperature (Silva, Hull. Soc. Chim. [2], xvii. 07). 

Isopropyl Sulphydrate, Thioisopropyl Alcohol, or Isopropyl Mercaptan, 
is obtained by mixing isopropyl iodido with an alcoholic sr)lution of potassium 
sulphydrate, leaving the mixture to stand for sonui time in the cold, then slowly 
liOfiting ii on tho water-bath till about one-half lins distillod over. If the mixture bo 
heated at once, but little mercaptan is obtained, but in place of it a loss volatile oil, 
which, even under tho most fiivourablo conditiojis, o^nstitutos nt Ic.-ist a foiiitU port of 
tho crude product. Tho above distillate is mixed uitli water, iho oil wliit-h separates 
is dried and rectified, and the portion boiling bctAvt;t*n is collected apart, lly 

fractional distillation, tbo main bulk of fho murcfiptan is obtained, boiling at 
but it is impossible to obtain a purer product, since on distillation it is partially de- 
composed, Tvdth evolution of HulphuriittiHl hydrogen. 

Thioisopropyl alcohol is violently acted upon l)y concoutrnted nitric acid, and con- 
verted into isopropyl-sulphonic acid, O^JlMSO'*OH. The potassium salt of this 
acid is obtained by tho action of isopropyl iodide on potu.ssiiiin sulphite. It yields a 
series of well-crystallised salts (Claus a. Kecrl, Ikut. Ckem. Ocs. Her, vi. 659). 

VROn&AMZirBS. On the conversiou of normal propylamine into isopropyl 
alcohol, see p. 1015. 

Tetraprapylammmium Iodide and Teirnpropyhmmmmm IIydroxide.--’By digesting 
normal propyl iodido with alcoholic animoniii, again treating tho mixed bases so 
formed with propyl iodido, distilling off tho excess of propyl iotlido, jmd adding soda 
to a solution of tho product, tctrapropylammonimninduh is separated in thcsolid.s^tiito. 
It crprstalliscs in beautiful wbiUi i)risms. By digesting this compound with silver 
ehlovjdo the iodine is replaced by chloi-inc, and on adding platinum chloride, a red 
c^Ktallina salt is deposited, having tbo poinposition [(C"II’)*NCl]-I*tCl'. Wlicn 
tetrapropylammonium iodido is Invited with silver hydrate, tho hydroxide, 
(C*H^)^N.OII, is liberated. It forms a deliquescent mass which absorbs carbonic 
acid from the air. It is not decomposed at 100°, but nt a iiiglicr temperature it is 
decomposed into propylene, tripropylamiuc, and ammonia. 

Tho platinum salt of tripropylamine crystallisos in brick-rod leaflets, loss soluble in 
water than in fdcohol or ether (H. Boomer, Deut. Chem. Gcs. Her, vi. 764). 

VKOPnWfl or VBOPXVB* C>H>==:CII*--OH==GH-. To obtain tliis 
hydrocarbon by Berthelot’s method of reducing allyl iodide with hydrochloric acid and 
zinc, Tollons a. Hcnninger {Am. Ch. Pharm. clvi. 156) gradually pour conconti-atod 
hydrochloric acid upon granulated zinc immersed in alcohol of 90 p.c. The gas, which 
ih ovolvcd without application of heat, contains only one-eighth of its volume of 
hydrogen. , 

When propylene bromide is treated with sodium amalgam and watori zi&c wo 
hydrochloric acid, or zinc and acetic acid, propylene is regenerated in CJises, but 
when acetic acid is used, tho product obtained is sensibly loss than with tho otwr 
loducibg agents; there is, moreover, conaideiablo elevation of tanperaturo. On 
submitting the ]product to fractional distillation, a viscous mixture of hydrocarb^* 
remains, which is readily attacked by bromine, yielding a mixturo of bromides. By 
fra.ctioiial distillation this viscous mixturo of hydrocarbons yields a mobile IW® 
boiling between 70° and 80®, as well as one boiling between 380 ® oiid 840°; TW 
lattor is colourless, slightly viscous, somewhat -Ughter than water, and appeWi^JJ 
consist of hexproj^lone, (C'Hf)®; the liqnid boiling between 70® and 80° is probawj 
iijpiOlpylono, (0*H*)* (Ftunier^ Compt, rind, IxxvL 08). 
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Propylene Bromides, C’H*13r^. 

position, viz. : 

CH*Ur 

in* 




Tlirao componiids aro known, having tlio com- 
CH» CH> 

(IhBp CBr« 

L 


OH* 

Mctliylbroniacctol. 


CIPBr CH*Br 

Kornml propylene Ordinary propylene 

bromide. bromide. 

1. Ordinary Propj^lene &ro;ni{2eisobtiiinecl : — 1. By tho direct union of bromiuo 
vrith propyleno. 2. Either pure or mixed witJi in ethyl bromacetol, by tho action 
of hydrobromic acid saturated at lO"* ou monobromopropylcne. 3. Together with 
another isomorido boiling at 163“^, by the action of hydrobromic acid saturated at lO'^ 
on allyl bromide (Geromont, JML Soc. Chim. [2], xvi. 113; Reboul, ibid. xvii. 360). 
4. By tlio action of bromine on isopropyl bromide (Jaiincmann). 

Propylene bromide is a liquid having a sweet taste and smell, a sp. gr. of and 
boiling at IdS®. With alcoholic potash it forms bromopropylono boiling at 51°, and 
tho latter treated with sodium alcohol at the temperature of the wator-bath yields 
allylen0.(Sawitsch, Compt, rend. lii. 399). By silver racetato propyleno bromide is con- 
verted into propyleno di acetate (Wiirtz, Ann. Chim. Pht/g. [3 |, Iv. 438), and by 
silver benzoate into non-crystallisable dibenzoato (Friodol a. Silva, Compt. rend. 
Ixxiii. 1370). 

-A niixturo of the bromides of pron;^leno and ethylene in equivalent proportions, 
.siicli ns is obtained wlKm amyl alcohol is decomposed at a red hent and the resulting 
Ii3’drocarbons arc absorbed by bromine, boils constantly at 134°, and cannot br^ resolved 
into the cunstituoiit broinidc.s by frjictional distillation. The separation may, however, 
bo effected by treating the mixture with potassium ac<'tjil.o iu alcoholic solution, tho 
cthylorio bromide being thereby converted into diacetato. while the propyleno bromide 
remains nearly unaltered (Bauer, Ann. Ch. Pharni. Suppl. i. 250). 

2. Normal Propylene hr omide, OH-Br — CllBr— CH-Br; Trimcthylem hromidc 
(Geromont); Hydrolrromide of Allyl bromUU (HvhxmY ). — This is the compound which 
Geromont and Boboul obtained, simultinoously witli tlie preceding, by this action of 
hydrobromic acid on Jillyl bromide. It lioils at 162°-164°, and has a specific ^ra^ty 
of 2 017 at 0°, 1’93 at 19°. It is decomposed by alcoliolic potash at 100°, yielding 
allyl bromide and allyl-cthyl oxide. 

3. Matkyl-hromacetol, OH® — CBr* — CR^,Pichloropropanr^ Pihromcthyl-methane. 
Formed by the action of peiitabromido or trichlorodi bromide of phosphorus on acetone, 
and by direct addition of hydrobromic acid to allylono or it.s monohydrobromido. It 
boils at 115°-118® (Linncmann), at 116° (Fricdcl a. Ladonburg) ; at 114° (Reboul). 

Sromopropylones- 1. Monohromopro pylrne.—-Oi this compound there ap- 
poiir to bo two modifications, i.sorncric with allyl ln*omido, JJir-.-.CH — CIPBr. 

1. Allyleno treated witli hydrobromic achl yields dibronioproixuie, or methyl brora- 
ncotol, iinfl a bromoprppj'leiie having tho constitution CJI* — OBr — CH®. This latter is 
Jilso formed by tho action of alcoholic s<xin at 100° on dibroinopropanc, and by treating 
tlie hydrobronjido of bromopropylene with alcoholic potash. It boils at 48°-49°under a 
pres.sure of 710 mm. and has a 8\>ecific gravity of I’SOat 9°. It iinitoswith 2 at. bro- 
mine, forming a tribromido which boils at 190° and is isomeric with bromopropylene 
bromide boiling at 194°-196°, and with glyceric tribromhydrin boiling at 217°. 
Monobromopropyleno heated to 100° with hydroliromic acid saturated at 10° is recon- 
verted into dibromopTopane (Reboul, Bidl. 8oc. Chim. [2], xvi. 50; xvii. 351). 

2. Propylene bromi^ treated with alcoholic potash yields a monobromopropyleno 
's’hich, according tn Linnamami (Ann. Ch. Pharm. clxi. 43), has a density of 1 '4 1 10 at 
15° and boils at 57*6° (corr. and reduced) ; according to Reboul {Bull. Soc. Chim. [2], 
*iv. 60) it boils at 64°, and has a constitution represented by tho formula 

CH»-CH~CHBp. . ^ • I 

This bromoppopylene heated to 100° with mercuric acetate in prosenco of glacim 
acetic acid is converted into acetone ; by hypochlorous acid and mercuric « is 
converted into monochlorncetono ; tliese reactions do not agree very well withBobouis 



— wiirar, 1C lorms, occoruiug w » *v*u*ox ^ 

l«vo of niotliyl-bromacetol and propylene bromide. Bromopropylene unites 
common temperatures with concentrated hydriodic acid, fowning ^romopropylone 
Jiydriodido, C*H*Br.HI This compound boils with slight decomposition at 148 , 
Ims a dinsify of^lio at ll°, Tt is idontiaal with 
^H^HBr.Hl, mil when traated witli alijoholic pohish yields allyleno hydrobromido 
vo« pi 48°-4 qo}, togother with a small quantity of ollylone hydnodide^ 
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With hydrochlorio acid of 22® Baum6, bromopropylene yields propylene chloro- 
, bromide, C*H*ClBr, boiling at 112®-113®, and having a density of l’62at 16° 
(Boboiil). Bromopropylene, heated to 100® in a scfalod tube witli sodium ethylate^ 
yields allylcne (Sawitsch, Cornet, rend. lii. 399). 

Dihromopropylenct JDibromhydroglycide^ or Epidihromhydrin, C*II^Br=. 
— This body, of which there are probably two modifications, is formed by the action 
of potash, or of sodium, on tribromhydrin : 

fCHBrZiCH— CH*Bf 

CH«Br-.CHBr-.CH*Br-HBr « \ or 

ICH’ZlCBr— CH»Br 

Tribromhydrini looDicric (Ubromo- 

propylenes. 

According to Reboul it boils at 161°-152® ; according to^ Henry at about 10° lower; 
this difference points to the existence of two modifications. It unites with bromine, 
forming C’H''B^^ and is decomposed hy otooholic etmfnoma, forming dibromallyl- 
amino, NHCCHHBr)® (ii. 899). Witli silver nitrate in alcoholic solution it forms 
bromallyl nitrate, C*n*Br(NO*), an oily liquid insoluble in water. With silver 
Qcetate it forms bromallyl acetate, C*IPBr.C*H*0“, a colourless mobile fragrant 
liquid, insoluble in w'ater, having a density of 1*67 at 12°, boiling at 1G3°-164°, 
forming addition-products with chlorine and bromine. 

Hibromopropyleno, treated with dry potash at common tomporaturcs, or distilled 
with fragments of so^, is easily transformed into bromallyl alcohol, CHI^BrOH: 

CIPirCBr— CH^Br -h KOH « KBr + CH“— CBr— CIHOH. 

This alcohol, like its acetate, is a colourless, mobile, fragrant liquid, insoluble or slightly 
soluble in water, having a density of 16 at 15®, boiling at 165®. It is atfickod by 
phosphorus pentachloridc, giving off hydrogen chloride, and forming monobromallyl 
chloride, CHHBrCl « CH*— CBr— C1I=CI. This compound is also a chloiobremo- 
piopylene. It boils at 120®, and has a density of 1*63 nt 11®. It is probably ideu- 
tied with RebouVs chlorobromhydroglyeido or cpichlorobromhydrin, formed by boat- 
ing chidrodibromhydrin with potash (ii. 899). 

Monobromallyl alcohol, treated with alcoholic potash, yields propargylic 

alcohol (p. 1007). . , i. i* w 

Hibromopropylene, treated with potassium sulpltocyanate jn alcoholic solution, 
yields bromallyl sulphocyanato, C‘H*Br.CNS, which is a colourless pungent 
liquid boiling at about 200® (L, Henry, Dcut. Chsm. Ges. Her. v. 186, 462). 

Propylene ObloriAea, CWCl®. Two bodies having this composition ats 
known, viz. *. 

CH* CH" 

, LhCI SlJCI* 

hlPCl CH» 

Fropyleno chloride. Mcthyl-cliloraoetd. 

Propylene Chloride in formed \ 1. By the direct action of chlorine on propyleuCi 

2. By passing chlorine into propylene cbloriodide under water till all the chlorine is 
dissolved (this is an easy mode of preparation) (Fricdel a. Silva, CompLrend. Ixjvi- 
1606). 8. By the action of chlorine on propino (Schorleinmcr, Ut Suppi. 9o71‘ 
4. Together with methyl-chloracetol, by the action of chlorine in sunshine on is^ 
propyl chloride. 6. By the action of iodine chloride on isopropyl chloride ; ij^w 
case it is the onlv compound of formula C*H*Cl* produced (Fnwel a. Silva, Corny . 

rend. Ixxiii. 1380). , j, t e.om ao 

Propylene chloride is a liquid boiling nt 98°, and having n sp. p[r. ot 1*684 at i 
1*166 at 14® (Friedel a. Silva). Treated with alcoholic potasn it 
propylene identical with that which is formed from mothyl-chlorncetol (Fneaei, a 
C him, Phys. [4], xvi. 340). 

Methyl-chlorccetol, CH*-OH»— CH*. Dickloropropane. Pi^lorethyl-nuth^f^ 
^This libinponnd, formed by the action of phosphorus prtitachlorsde on iti, 

Ijqirfd boUing between 2fi'» imd 86« (Irt Sufpt. 826J. 'iwftted witt .dd^ne « 
fb^ne chloride, it yields a trichlorinntod body, CH*— CCP—OH^l, boiling ^ 
hiving a donsily of 1*360 at 0®, 1*818 at 26°. This trichloride » identical 

phieh iff formed by the addition of chlorine to chloiwropvlene, and with one oi vi^ 


wmen iff formed oy tne aaaiuon oi cnionno lo cnioropropyiBne, rrv” 

: AK^ed by the chlorination of propylene chloride under the influpneo of ^lonn . 
iii easily decomposed by water at 176«-180®, yielding 
xeemifiei eTBWWted by heat, reduces amujornacnl silver 

evaporation ii& diy vacmim os a yellow amoi^hGaB mass, emitti y ^ 

igataittel when binri^^e residuoi insoluble in. waterg contains two dicbw*PE'?®fI , 
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boiling respectively at 76® and 94° ; they are formed from methyl-chloracetol by loss 
of HCl (Friedel a. Silva, Co7npt. raid. Ixxiv. 806). 

Methyl"Ohlorncetol, heated to 100° for sovoral days with silver benzoate in presence 
of ether, yields crystols of methyl-bciiaicctol, (Cil»)==:C=(C»H'‘0*)« identical with 
those which Opponheim obtained in like manner from methyl-chloriodacctol Suiml. 
826). 

J)ic1dorometh^UchloraGctol^ C*II*Cl*, also called dkddoracctme cMoride^ is formed by 
tlie action of phosphorus penbichloridc on dichloracctono. Its properties and reactions 
have been already described (Isi 27, 28). Its reduction to allylono by the 

action of sodium indicates • that it is the true tetrachloride of allylene, 
Cll»— CCl*— CHCl*. 

Methyl-^hloriodaceioli CH* — ClI— CII*, is also described in the Ut SuppL (p. 826). 

Propylone Cblorobromldet C*K*l?rCl *= CIl“ — CTICl — Cri*nr, is obtained by 
heating propylene bromide with mercuric chloride. It. is a liquid boiling at 120^, 
having a sp. gr. of r585 at 0®, 1*175 at 18°. V.'ipoiir-dcnsity (ob.s.) =6'52 ; (calc.) 
5-45. Alcoholic potash converts it into monochloropropylene, boiling at 26"-30" 
(Friedel a. Silva, Hull. ihc. Chim. [2], xvii. 632). 

Prop3rlon6 Chlorlodld6( C’H*G1I = OH* — CHOI — CI1*I. Maxwell Simpson 
obtained this compound, isomeric with methyl-chloriodacctol, l)y tlie action of iodine 
chloride in aqueous solution on propylene; he describes it as a liquid wliidh cannot bo 
distilled {ibid. [2], v. 600). According to Friwlcl a, Silva {ibid. xvii. 636), it is very 
csisily obtained by passing propylene into a bulb-apparatus containing n solution of 
iodine monochlorido, and may bo distilled without decomposition. It Ijoils at 149® 
under ordinary pressure, at 40°-43® under a pressure of 10-12 mm. Sp. gr. » 1-933 
at 0°, 1*889 at 26®. It is limpid, and resembles propylene bromide. It is easily con- 
verted into propylene chloride, by heating it to 100° with mercuric chloride, or by ex- 
posing it to tho action of chlorine tinder water (Friedel a. Silva). Heated with 
hydriodic acid it is converted into isopropyl iodide (Sorokin, J)cut. Chem. Ges. Her. iii. 
616). _ 
Cliloroi^ropjlPiies* Monochloropropylene^ C*H*C1 = CH*— CCl— .CII^ 
isoinoric with allyl chloride, OH^riCH— CIPOl, is obtained by tho action of poUsh 
on propylene chloride, and on methyl-chloracctol ; also by tho action of silver acoUte 
or of ammonia on methyl-chloracetol. It boils at 26*6®, and has a sp. gr. of 0*0307 
at 0®. Vapour-density =2-83 (obs.) *=2 i)6 (calc.) Sulphuric acid, converts it into 
acetone (Oppenlicim, Compt. rend. Ixv. 364). It iinito.s with 2 at. bromine, forming 
tho compound C*H*ClBr" « CII* — CClBr — CH”Br, which boils at 170 — 176 , and has 
a .sp. gr of 2*064 at 0®. This chlorobromido, treated witli alcoholic 
acT/ntr, gives up HBr, and is converted into a chlorobromopropyleiic, C H C Br 
* ClP—CCl—CIIBr or C1P-=CCI -ClPJlr, which boils between 100® and 110 
(IVicdel, Ann. Chhn. Phys. [4], xvi. 343). It is isomeric with BebouVs clilorbrom- 

hydroglycide, CH* — CBr — 0H*Cl. ^ j t 111 

Chlo^pylone, hoated to 120» with a/eoWic wtoi, is converted into all^ono 
(Friedel, rmd. lix. 294). It combines with hydm^n 1®® • »™'"8 

methyl-chlori^acetol. Ckloriue in sunshine convorto it into C H Cl , isomeric -mtn 
glycCTic chlorhydrin, boiling at 127®. and identical with dichlororaetliyl-cliloracetol. 

DickloropropyUntt, C*H*Cl* "• Compt. rendAxim. \ Ixxiv. 

806 ; Ixxv. 81).— Three of these compounds are known, namely : 

9 . 8 . 

CH» ClICl 

ilo. Sh 


1. 

CHCl 


!C1 


h 


!H‘C1 


cH»a 


The first two are formed simultaneously when 

chlorine in the shade. The first Ix^le at 75°. the second at 94 ; the 

hy for the larger part of the product, is identical with the 

produced. t0g?th*^with dichWhydroglycide (boiling at »®‘“® H 

^^!^^fone^iSlb^»r76^“ ikevnse ^ 


» readily^ 

4ona above me&uoheds especiiliy in tae firib, also in w , jr 


*ttM!tiona above menuonedi espwialiy ii 
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acetic ncid, and enpomfying the Teenlting'dJacetnte (b. p. 203°-206<’) with bonta It 
isatliidcanccharino liquid boiling between 20b“ and 218®(Giromont. Dtut ChmlGet 
Her. iv. 548 ; lloboul, HidU Sog, Chim. [2], xvii. 360). 


Propylene Chlorbydrln or Monociaorliy(lrlnorPropyl-vlyool(or<?t»ar^), 

“ Cn*— ClI.OII—CH^Cl. Produced by tbo action of gaseous hydrogen 

chloride on propylene glycol ; the mixturo at first becomes hot, but must bo warmed 
on the walor-bnth towards the end to complete the reaction. The product is distilled 
up to 135®, and then treated with sorlium carhonato to neutralise tlm Jiydrochloric acid 
Two layers of liquid are thus formed, the upper of which consists of the chlorhydriu 
The greater part distils over at 127®. The same compound is obtained by the action 
of liypochlorouB acid on propylene : 


0*11“ + ClOH = 


Propylonic chlorhydrin boils at 127®. Sp.gr. = ]-302 at 0®. Vapour-density » 
fi-38 (obs.) 5-2C (calc.) It is neutral, has an ethereal odour and a saccharine but 
pungent taste. It dissolves in water, also in alcohol, ether, and a mixture of the two, 
hut is insoluble in solutions of sodium chloride and calcium chloride. .Sodium carbo- 
nate does not act on it at ordinary toraporatures, but when heated coiivcrt.s it into pro- 
pylene oxide. Aqueous potash immediately decomposes it into potassium chloride and 
propylene oxide (Osor, IhiU. Soc. Chim. 1860, 235). 

Ih’opylenic chlorhydrin, heated with potassium cffanide in sealed tubes, is converted 
into the corresponding cyanhydrin, C*ll®(07l)GN, which , when boiled with votash 
yields )8-oxybutyric acid, CH* — OIlOll — CIP — GO*H (Isi Supyl. 891). 

Phosphoric anhydnde converts propylenic chlorhydrin into a mixture of allyl’ 
chloride and mouochloropropylciio : 


c»n»(OH)ci - 11^0 « cm^ci. 

Propylenic chlorhydrin unites with bromine in sunshine, without evolution of 
liyi'obromio acid (Henry u. Honuinger, Dmt, Gfiem. Ges. Ber. iv. 602). 

Propylene STitrate, or Propylenlo Dlnttrin, CHI®(NO»)» « CIT»-CH(N0») 
— CLr"(NO'*). Puming nitric acid acts violently on nitric acid, rendering it neces- 
sary to cool tlio mixture during the reaction. On subsequently adding water, 
propylene nitrate is deposited as a colourless oil (Henry, ioc. cit.) 

Propylene OxldOi C^H^O = CIl’ — This compound is obtained, by 

adding aqueous potash to crude propylene chlorhydrin, ns very volatile liquid which 
may be purified by fractional tlistillation. It must be dried with fused potash, as 
calcium chloride retains it. It is a neutral liquid, having an ethereal odour, and a 
harsh pungent taste. Hoils at 35®. Sp. gr. 0’859 at 0®. Vjipour-density ** 2'0 
(obs. and calc.) It is miscible in all proportions witli water, alcohol and etoop, 
iusoluble in solution of calcium or magnesium chloride. Heated for a lew seconds in a 
sealed tube with mague.siiim chloride, it forms a copious precipitate of magnesium 
hydrate (Oser, Bull. Soc. Chim. 1860, 237). 

Epichlorhydrin, CHPCIO, is the oxide of chloropropyleno. 

»ropyleiu> Benwoate. A. Mayer dcscrib^ this compomd as 

forming fine ciysbils ieomorphous witli othyloiio lieiiroate (Is* 300); but 

«mling to FrSdeU.8ilya(C<,n.i.<.r«.Alxxiii. 1379). itisa vised uncrystalhs..ble 
liquid, boilinff at 240®, under n pressure 12-14 mm. i -i 

The i,eetaii,<!ffdnidi, iodide, snhhide and ettlphocarbouate of propylene are described, 
in vol. Y. p. 893, as TnrrYLBiiic Ethkrb. 

% Kali aSSS iu. 4® >i» » “li 

alcohol, and then rfieing the t«m~rature. jwopy eno^di^ne 

At higher temperatuw>B7200<’andnbove,Tiseousb«^ distil mcr.protablyMnu u g 
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PROPYL-ETHYL KETONE— PROTEIDS. 


hifdroehloridet formB long ‘white needloSi very hygroscopic, and verr 

freely soluble in water, less soluble in alcohol. ^ 

Tlie platino^hloridet formed only in concentrated solution, crystallises in benutifnl 
four-sidod plates. The hydnyttromidQ and hydriodide greatly resemble the hydro- 
chloride; the jfitrate haanob been obtained in crystals. 

PMPY&-£TK'7& ■IBTOM'X. C«H«0 C»IT».CO.C-IP. EthyUhutyryl.-^^\^\^ 
compound, isomeric with l^ankland a. Buppa’s isobutyl-methyl-acotono and 'with 
mothyl-valeryl, was discovered by Friedcl amongst the products of the distillation of 
calcium butyrate (i. 6 08), and is produced synthetically by tlie action of sine-ethyl oa 
butyiyl chloride (Butlerow, Bull, Soc. Chimi [2], v. 17) : 

2(C»H».CO.Cl) + {Cm^fZn « ZiiCl= + 2(C»H^CO.OTI»). 

It is a liquid boiling at 122^-125°, having a density of 0’818 at 17'5^. It doos not 
unite with sixlium bisulphite at ordinary temperatures, but on heating tho Tnixtiire, 
and then leaving it to cool, crystalline scales are deposited which iiltiinately dissolve. 
In the dry sUte the combination is stable, but water quickly resolves it iulo propyi- 
ethyl ketone and sodium bisulphite. 

Tho ketono oxidised by potassium dichromate and dilute sulphuric acid is converted 
into propionic acid; C*U^.CO.C“II‘ + 0® = 2(C®lPO.OH), (Popolf, Ann, Ch. IVmrm, 
clxi. 285). 

PBOPTXi-.MBTBYZi OAUXirOXi« C^H^— CHOU— CH® (see Amyl Ai^ohols, 
Suppt, 111). 

PBOXwr&-MBTBYXi XBTOXTB, » C®^^C0.C1P. This ketone was 

also first noticed by Friedol, amongst tho distillntion-products of calcium butyrate ; 
Butlerow obtained it syntlictically by tho action of y.inc-niothyl on butyryl chloride ; 
and it has boon especially studied by Fricdel (^«?*. Ckim. P/iys. [4], xvi. 366). and by 
Grimm {An7i, Ch. Pharm. clvii. 240), both of whom obtained it by tho distillation of 
a mixture of nceUito and butyrate of calcium. Scliorlemmor (p. 63) has obtained it 
by oxidation of the secondary alcohol derived from normal pentane. It is a colourless 
liquid, boiling at 111° (Friedol), at 102°-10rj° (Schorlciumer), at 1)9°-101° (Grimm), 
at 05° (Butlerow), and having a density of 0*837 at 0°, 0*8078 at 15° (Orimm). It is 
only slightly soluble in water, but mixes freely with alcohol and ether. It unites witli 
alkaline bisulphites, forming crysttillisablo compounds which are decomposed by water. 
The sodium salt contains C*ll"NaSO* 

Tho ketone trcatiid with phosphorus pentachloridc reacts liko ketones in general, 
exchanging 0 for Cl®, and forming mothyl-clilorobutyrol, or dichloropoutano, 
C®IB*Cl*, which boils at about 140°, and is resolved by distillation into hydro^n 
chloride and chloramylono or chloropontane, CHI^Cl, boiling at about 96° 
This last body, heated to 1 40° with alcoholic potash, again gives up HCl, and is con- 
verted into valerylono, C^Il", a homologue of acotylono, which distils towards 50° 
(▼. 981), (Friedol). 

Propyl-methyl ketono combines directly with nascent hydrogen, forming propyl- 
methyl carbinol, C®H«0 « C®1P— CHOII.CH* {Ut Suppl. Ill), (Grimm), and a 
pinacono, C*®H**0*, which boils at 225°-230°, and when recently distilled, foms a 
colourless liquid, but solidifies after somo time to a white crystalline mass, molting st 
a gontlo heat (Friedol). ^ ^ , . 

Propjd-mothyl ketone yields, by oxichition with chromic acid mixture, acetic and 
prroioinili acids, with a small quantity of carbonic acid (Schorlemmer). 

Propyl-methyl ketono is identical wifcli the ethyl -acetone of Frankland a. Duppfli 
and isomeric with propiono, isopropyl-methyl ketone (Isf Suppl. 768), and valeial. 

»BO»n-»BVCXXB, C*H«(HO)*? (Irf Swmrf. 988). Experiments 
' confirming the existence of this supposed compouna have been made by J. G. WoUr, m 
Carina's laboratory {Ann: Ch. Pharm, cl. 28) ; but Carius himself has throw 
upon their accuracy {Bull. Soc. Chim. [2], xiv. 240), and further experiments by Oia™ 
{Deut, CAem. Gts. Ber. iii. 525) tend to corroborate tus former cbncIUBilflai that tJi 
supposed propyl-phycite does not exists 

BBOTBIBS* Sevenil attempts to get an insight Into the tnoleculay 
of these bodies have lately been made, but with omy very partial luccess. The 
important are, perhaps, rfasse's cxperimcnt|| from whi^ he has drawn some 
elusions as to the state in which their niti^n exists in them, 

Ebtcuikoi^; 4^hiv: ii, p. 689) ; he various 1*?^^ 6 ^ w 

and poBd&od state .Yith Btmtiojbaryta for forty hoiu% ^ 
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examined the products of decompoBition ; the main result at vhich he arrives is that, 
in the same proteid, nitrogen exists in several very different states of combination, 
mrt. being held very firmly, and part being aasily turned out. From the comparison 
of tho combinations in Avhich tho loosoly-lield nitrogon appears, with the results of the 
iiction of caustic bnrytii on nitrogenous bodies whoso moloculiir constitution is known, 
such as amine-acids, acid amides, nitri<(es, leucine, &c., he considers it extremely 
probable that a definite quantity of tho loosely-combined, nitrogen of protoids is com- 
bined as in amides ; another part as tlio nitrogen in creatine or tho more loosely-liold 
portion of the nitrogon of uric acid, and most of tlie remainder ns in the acid amides and 
the difficultly cxpulsiblo nitrogen of creatine or sarcosino. 

Becliamp {Compt r&id, 1870) oxidised protoids witli potnssic permanganate, and 
found that urea was produced, together with nniiiy other bodies; as almost all protoids 
taken into the body leave it in the form of urea, this result promised to bo of im- 
iwrtanco, but very great doubt has lieeii thrown upon its accuracy (Loow, •/. pf. Chem. 
1870). Treated with powerful oxidising bodies, protoids yield various acids of tho 
fiitty series, and their aldehydes, benzoic acid, ammonia, and various compound 


ammonias. . - 1 1 

The complete separation of protoids from animal fluids has been much facilitated by 
a now method of precipitation devised by llriicko (IVim. Akad. JicK 1871) ; this con- 
sists in acidulating the liquid with hydrochloric acid, .and thcii adding to it a solution 
of potassio-mercuric iodide, mode by saturating with mercuric iodide a boiling solution 
of potassic iodide. 

Tho changes which protoids undergo in the animal body from tho time they enter 
it from tho alimentary canal until they leave it as urea, or uric acid, are still almost 
totally unknown. It has already been pointed out (Glycoobn, p. ft67) that there is 
cousidorublo reason to believe that they are partly broken up in the liver, bilo-ac^s and 
urea being produced from them, together with glycogen ; while in tho muscles (Muscu- 
LAU Tissue, p. 830) it would appciir that much less breaking up of protoids occurs than 
was formerly supposed (see also Urine). In the alimentary canal the gastno juice 
splits tliom up into peptones, parapeptones and other bodies, and one of the pancmitic 
formoiits also converts them into peptones, but afterwards goes further, and breaks tho 
peptones up into tyrosine and leucine (see Dkjestion, p. 430). Peptones do not appear 
to exist either in the blood or in chyle, and so must bo converted into some other foi*m 
of piotoid immodintoly upon entering either of tlicse fluids. H N M 


PSOTOOATSCBVXC ACX9, C>H*0'. This ftcid has boon shown by Itorth 
{Deut. Chem. Ges. Ber. iv. 633), and Kemsen (ZwVsoi^/. Chem. vii. 81, 199, 204), 

to ho tho 1 : 3 ; 4 form of diojtyhenzotc acid, C*H> 

It is formed from piporonylic ac-id (molhylono-ptotocatochnio jid) ‘J® 

latlor to liiOO with dilute hydrochloric acid, the only products of tho reaction Iwng 
Ijrotocatochuic acid and free carbon : 

C*H*0* «= C’lPO* +C. 

With pure water at 210® tho same docompositiOTi takes 

Bcid is resolved hy tlio high temperaturo into tO- and I’y.'?®' , ^ formed syntheU- 

Ann. Ch. PW dim 129). Conyomely piperonyhc itcid may ho foi^^syn > 
cally by heating protocatochuic acid with methylene lodi po 

(p. 983). 

Preparati&n from Jir/»o,—Stenhouse finds tot part the 

of protocatechuic acid, and the pne which yields ^ stirring 

kiiJo in fine powder is gradually added to tiiroo 

the mixture constantly during idrato which is kept fused at a 

Wiig to sift tho fine ^w®dcr over tho surfaw of it is 

gentle boat When the mixture has acquired then broken 

poured out on a stone or an iron plate, and sulphuric acid is added 

up and dissolved in about 20 pts. of hot water, j dark brown aolu- 

from time to time, bo at to render the solution sligh y . * quantity of 

tionisthen aUowid to stand for 24 hours, 

sodium sulphate in the crystalline state; \ ‘tity cf tarry matter, are 

catechuic acid; after being filtered to Miftoro, * ^ ^ and the ether recovered 

ieit.ated with ether. The ethereal solution is ton 

ky distillation in the vater-bath ; .the dwk^loi^ mother-liquors may he 

^posits to protocatechuic add in%ctyBtalUne state- > 
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readily serrated from the crystals by means of the vacuum pump, and the acid is 
thou easily purified l>y one or t\ro ciystallisatlous from a small qmvnlity of hot vrater, 
with the addition of some freshly precipitated lead sulphide, which removes the brown 
colouring matter (C7tm. Soo. J. [2], xiii. 8). 

Action of Bromine . — Barth has shown that protocatenihuic acid treated with excess 
of bromine in the cold is converted into bromopyrocatechuic acid, C^H^BrO^ by simple 
Bubstitutiou of Hr for II (Is^ Suppl. 976). If, however, this monobrominated acid, or 
pyrocatecliuic acid itself, bo hej^ted in setilod tubes with excess of broniino to 100®, a 
totally clifici’out reaction tiikcs place, resulting in the formation of totriibvomopyTQ. 
catochin (Stenhouso, loc. cU.): 

C’H®0' + 4Br» s, 4HBr + CO= + C“II‘^Br<0= 


. On JHmtihyU md Biethyl-protocaUchuiG aoidst see pp, 431, 433 of this voUune. 

Btiliylette-protocateolittlc Aoldf ^ — 0 ^ This acid, 

^COOIT 

homologous with piperonylic acid (methylone-catechuic acid) is formed similarly to 
the latter (p. 983), by mixing 3*5 grams of protoaitcchuic iiciil, in a lube, wii h 10 grains 
of etliylcno bromide and 4^ grams of solid poUssiiim byilrati>, tln^i scaling tlie tube, 
mid shaking it, with ocivisional iinmorsioii in warm water, till the protocatoehuic 
acid and the potish have united into a brown viscid mass ; this treaLmentis absolutoly 
necessary to the success of the experiment. The tube is then heatid in tli'.! water- 
bath for five or six hours and sliakcn from time to time; the miss aftei-warda 
exhausted with hot alcohol ; the solution gently warmed with potassium hydrate, and 
the residue mixed with water and ililnto hydrochloric acid, and well shaken with 
Gtlier. On evaporating the ether, the othylone-probocatecluilc acid remains as a dark- 
coloured mass, which may bo easily purified by rccrystallisatiou from water, with 
addition of animal charcoal. 

Bthyleiio-protocatcchuic acid ciystallises from water in colourless indistinct crystals, 
from alcohol in druses of short shining prisms. It closely rosemblos piperonylic acid, 
and, like the latter, is nearly insoluble in water, but in boiling water it dissolves much 
more readily than piperonylic acid. It melts at 133^, and at a liiglior toinperaturo 
sublimes without decomposition in shining prisms. Its calcium salt crystallises well, 
and is somewhat sparingly soluble. The barium salt crystallises in large, finely 
developed transparent crystals, which apparently belong to the orthorhombic system. 
The solutions of ttiese salts give a yellow precipitate with ferric chloride (Fittig a. 
Bemson, Zeitechr f. Chem.yi\. 289). 

PROTOOJLTBCBVZC AUaBTBB, G’n<0» » This compound 

is formed, with separation of carbon, by heating pipcronal (mothylonc-ppotocatechuic 
aldehyde) with dilute hydrochloric acid, just as prolocatechuic acid is formed from 
piperonylic acid ; also, together with hydrochloric acid and carbon dioxide, by heating 
dichloropiporonal with water (Fittig a. Bemsen, loo. cit.) For its properties and 
reactions, nee Is't Suppl. 976. 


VROVOPWa* C «H«NO» (iTease, Zeitechr, /. Chem, vii. 653), An alfeloid 
occurring in very small quantity iti opium, and obtained from tho mother-liquors 
remaining after the separation of morphine by the Bobortson-Grogory process, The 
method of separating ft from the other bases present in these mother-liquors is given 
in the article OnuK Basbs (pp. 876-377). The protopino is finally p^ipitatod from 
the i^iitaon of its hydrocbloxide by ammonia, and dissolved in acetic acid ; the 
ts treated with a small quantity of charcoal, and, after. addition of alcohol, procipitateu 


Mjr fWMawweaee*# ■ * V.1 ' 4 4leA 

Frotopine is a white crystalline powder, insolublo in water, slightly solUhlo at 
boiling Wt in alcohol, benzene and acetone, almost insoluble in the last two liquias 
lit common temperatures. Chloroform dissolves it also, but moderately,, though moN 
readily than owor solvents. Ether dissolves it very sparingly v when roconily 
tated it dissolves in ether somewhat mope freely, hut separates partially a 
time in warts or spherical groups of pruspis, wlifch areverycharaetonstie df protopm^ 
as no other alkiiltnd of opium Jqxins; crystals bf similar character. Cryptopine nno* 


imme circ.amBtance8 si 
Fpotopiim is slightly, I 


— ibohedrohs* 
iistic potash jmd soda ; it does 


ehi^de. With strongWii^ioMi^ forms a;«^ii^eS8 sdlut 
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tho slightest Mrarming. Pure coucontrftted nitric acid forms at 20° a }rellow solu- 
tion after some time turns red, and dually bluish-red ; acid containing ferric 
oxide forms immediately a dark violet solution; at 150° both solutions change to 
dirty brownisli-green. 

Protopine melts at 262° -with partial decomposition ; it has an alkaline reaction, and 
neutralises acids ; the salts hiivo a bitter taste, and do not gelatinise. 

The hydrochhridc forms rather large, apparently rhombic prisms, very sparingly 
soluble in hot and in cold water. Tho plaiinoehtnride, 2(C‘‘*®H*"N0^1I01) PtCl* 
+ 2U*0, is a yellow crystalline precipitate, sliglitly soluble in cold water. Tlie hitartrate 
forms small prisms, somewhat sparingly soluble in cold water. Tho bwxalate forms 
warty groups of prisms wliioh dissolve easily in boiling water, with difficulty in cold 
ivator, though more readily than tho corresponding cryptopine salt. Tho sufpkaie 
forms small iioedloe. 

PSEUBO-ACOiriTliarB, syn. with Napbu-ike ; also called Achaconitine. See 
AcoiTiTB Alkaloids (p. 23). 


PSBWBOCORAtliXW. Tliis name is applied by H. Frosonius to Wanklyn a. 
Ciros rosolic acid {Ut Suppl, D99 ; also p. 391 of this volume). 


PSBTOOHEPTVE A&COBOXi. Dipropt/l C'arime/.— Obtained, togolhor w'iMi 
butyrono-pinaconc, by tho action of sodium on dipropyl kotono (butyrone) mixed with 
a little water : 

c^ir.CLC^ii’ + 11= « G*n;'.cnoiT.c*H». 


Tt boils at H9°-lfi0° (Schorlemmer’s normal heptyl alcohol from petroleum boils at 
175 5°-177*5°), dissolves sparingly in water, easily m alcohol in all pwportions. By 
Midiltion with potftssium aichr6m.ito and 

With iodine and phosphorus, it yields tho corresponding lodick, C®K .CUI.C II , which 
has a density of V2 at 20°, aud boils with imrtial decomposition nt 180 (C. M. Kurz, 
Ann. Ch. l^harm. clxi. 205). 

PSEUBOIBOPITRIH*. See IsoptBine (p. 707). 

IjSrruinTnf LjJavSy 1 -a 4 »0l». of wator. and tlmt tho procp.tatos 

nbovo mentioned are mixtures of the ^ without colour at first, but tho 

Pseudomorplnno ^^^olvesJjn btroug ^ 

solution soon turns ohvo-greoii, ana ii siigi y throws down 

colour. Water added to a 

cry.stallinopsoudomorpliino sulphate. W 

which dissolve in 420 pts. of wat» at 18 . ^ ^ tho 

water. The AydreSrojaair, formed on adding W i„hlB in water. Tho kuJrUdide, 
icetate. eiystiUises in .maU f r'‘i,±^‘^tosh^ iSidT^a soluJi of the 
C'’n>*NO^HI + H*0. ie formed by .^ing potosium prisms, 

hydrochloride, slightly acidulated 2C”^"NO*.Cr®H®0’ + 4H*0, 

soluble in 793 pts. o^ water at 18° Jg^olutio^ 

Jeparates on adding potassium .yellow in the mass, coffie-brown after 

0 small yellow prisms, which a] ppearbrowmsli-yeuowin tno^^.^^^ eulphuric 

'“ ■ It gives off two-thiids 


iTownish-vellow in tne nmw», — 

090 ptB, water at 18® ; insoluble in alcohol. 

VBBUBOWRBfmxir. SeoPiTBPUBW. 
vnmsoVOliVIQ AOS9. S«eT«Lmo 

Maosoro&vnnini. Sa«®»w^ x ^ 

SntiAv. 
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VVdttiipBITB. This mineml is a bismuth Yanadato found in a ihiipe at Schnoe* 
berg in Saxony, in small crystals of tho rhombic system, mostly recognisable odIy 
vit£ the lens. The following combinations have been obSerYod : — ^ 

1. ooP . oP, and oP . ooP. 

2. «6P . too. 

3. «P . oP . j< 

4. oP . 00 P • Poo . «iP», and oo P . Poo . mrn . oP. 

A pyramid of tho principal series mP, and tho pinacoi'ds oo Poo , and oo Poo , have also 
been obsorred, the two latter, however, only in voiy narrow strips. IVins likewise 
occur. 

Cleavage perfect parallel to the baso. Lustro vitroous to adamnntino. Colour 
reddish-brown to brownish-rod ; occasionally also limpid ycllowisli-brown, hyacinth, 
rod, and dark yollowish-brown. Streak-powder, oohro-yellow. Opaque to translucent. 
Hardness hoar that of fluorspar. Sp. gr. (allowing for adhering quartz) = 0'219. 

Tho mineral decrepitates violently before the blowpipe; melts on charcoal, and 
gives a yellow deposit of bismuth oxide, and when fused, on chnrcoiil witli sodium 
carbonate, yields metallic bismuth. With borax and phosphorus salt, it gives tho 
reactions of vanadium. 

It dissolves easily in hydrochloric acid, with evolution of chlorine, ffjrming a deop 
red liquid, which becomes green on standing, or immediately on dilution with w.iUt; 
when pourod into a large quantity of Avater, it yields a yollowish-white precipitate of 
basic bismuth chloride containing vunndic acid ; with ammonia it yields a yellowish 
to greyish-whito prccipifcito of vanadiferous bismut h liydrato. 

Analysis gJivo7316 p.c. 22-19 V^O*. 3 06 As-O*, 1-31 P*0»( = 100-35), au:rco- 

ing with tho formula of a bismuth monovanadatc, Bi-0®.V*0*, in which tho vanadimu 
is partly replaced by arsenic and phosphorus (hreiiTCl, J. pr. Chem, [2], iv. 227, 361; 
Janrb. /. MineralogiOt 1872, 614). On tho crystalline form, see also Websky {ibid, 
1873, 183). 

VinUPU or CA88ZV8. Sec Gold (p. 576). 

Vin8raiATB8 and ISO VVlftBtmiiTBS (£. Kopp, Dent Chem. Ges. Her. v. 
644). The best yield of potassium isopurpuratois obtained by mixing intimatoly finely 
powdered picric acid with twice its weight of potassium cyanide and n little water. 
After half an hour more water is added, and tho mixture ia heated to 40®-45°, and then 
allowed to cool ; the crystals separating out are pressed and purified accordiiig to 
Hlasiwctz's method (iii. 434). 

In dyeing with isopurpuratos tho same mordants are used ns in dyeing with 
muroxid, tho best being mercury and le;id salts. Murexid produces on mercury mor- 
dant a splendid purple witli a violet tint, while isopurpurates dye purple having «- 
brownish-orango tint ; tho colours pixxlucod by tlio hitter are neither acted upon hy 
sunlight nor by sulphurous acid, which quickly destroys murexid. On silk inoi\laiited 
with zinc, murexid gives a fine yellow, and i.sopuqmratos a dark, reddish-browD. 
Murexid colours are destroyed by acids and alkalis, w'Uilst those of tho isopurpurotes 
assume only a yellowish tint. 

PurpuratoH are not explosive. On adding hydrochloric acid to a somewhat concen- 
trated solution it becomes colourless, and after some time dialuramido c^stallises out. 
Nitric acid oxidises them to alloxan, and. when caustic soda-solution is added to »i 
solution of a purpurate, tlio solution becomes first bluish-violet, and on standing, or 
*■ more quickly on boating, colourless. ^ i ■ 1 

Isopurpuratos explode on heating, soma very violently ; on adding hydrochloric nci 
to. a golution it becomes yellowish-brown and opaque, and afterwards brown amorpnoM 
fla^i BCporato out. Nitric acid changes their colour to orange, and caustic soda i” 
^Id to brownish-violot, whilst on heating, ammonia is given off, and * 

chijAged to a dark, yellowish-brown. Isopurporates are also decomposed by » ' 
moqSj bnt /more slowly than by tho fixed aUcAis. Hydrogen sulphide redw^s sm- 
sulphur separating out, while the liquid becomes yellowisp’^' 
W dirjtty colour when exposed to the air. The products of 
isotmrnqric fibid are still colouring matters, dyring silk like the aniline-browns cau 

Voau^ imd; BMunmi^ 

The 

of maddeat art giyen eanrii. 436). - / ~ , 
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in hot al- 
cohol 
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1 
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TIio behaviour of these colouring matters in dyeing is as follows : Alizarin yields 
pornianont dyes, red-violot and violet, which withstand the action of nitroniuriatic 
iicid and of soap. Purpurin and the orange dye give fast colours which withstand 
soiip and nitromiiriatic ficid tolerably well ; bright-red or greyish- violet. Vsnuh^pur^ 
purin gives brick-rod or pale violet colours, destroyed by soap and nitroniuriiitic acid. 
ruTpuroxanthin gives less pure colours, oraiigo-yollow with alumina mordants, pale 
grey with iron mordants. 

PTRBXrilf « C»®H«(C®H^). PJuinylmie-naphthahne (Graebe, Ann. Chew, 

Vhann, clviii. 285). — liydrocarbon occurring, together with chrysene (p. 338), in 
tlio last portions of tho distillato obtained in distilling coal-tar down to coke.* The 
two bodies aro separated by means of carbon sulphide, which dissolves tho pyrene and 
loaves tho chrysoiio. Tho carlx)n sulphide having been distilled off, tho resiihie is cx> 
Imiistoil with warm alcohol, and tho cooled filtered solution is mixed with a cold 
alcoholic solution of picric acid ns long as a rod crystaLlinn precipitate of j)yreno 
picrato is producod. This precipitato is collected on a filter, w'ashed wiili alcohol, 
docoinposod by heating with ammonia, and tho hydrocarbon thereby separated is 
washed with water and rocrystallised from alcohol till it melts at 142®-144®, to bring 
it to which point it must, in some cases, bo reconverted into tho picrato. 

Pyrene crystallises from hot alcohol, in which it is somewhat freely soluble, in 
leaflets resembling those of anthracene. It often retains ayollowish colour, which may 
bo romovod by exposing its solution in benzene to sunshine. It is very soluble in 
Ixiuieone, ether, and carbon sulphide, and separates from beuzono or ether, or by slow 
crystallisation from alcohol, in rather largo rhombic plates. It molts at 142'’*, siih- 
linios with difficulty in small plates, and distils at a temperature considcrnbly ^hoyo 
300°. With very dilute niirio acid it forms only nitro-derivatives, no acid. With 
chromic acid it yields a quinono. Hydriodic acid converts it into hydrocarbons 
iiualogous to the h^rides of anthracene. With bromine it fbrms both substitution- 
ftud addition-products ; with sulphuric acid, sulpho-ncids. 

I)/rene Piorate, C>«H*®.C®IP(NO*)*OH, crystallises from ether, benzene, hob* alcohol, 
and other solvents, in long, rod, shining needles, very slightly soluhlo in cold alcohol, 
somewhat abundantly in carbon sulphide and, other, very easily in benzene. It is^ 
slowly decomposed by hot water, quidcly by alkalis. 

VVj -- •- 

J!fttropyrenes,^ 
for two hours with *. 

and melts to a reddish oil wliscli soiiaines on cooiiug. ^ in cold 

alcohol, it is obtained in yellow needles, melting at 140 —142 , sh^i y junitro^ 
alcohol, somewhat mord* soluble in hot alcohol, easily in ethej 
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dinitropyreno ifl boiled for a long Umo with nitric acid of ep. gr. 1*5, and crystallises 
in lustrous needles from glacial acetio acid, in which it is slightly soluble. It is almost 
insoluble in alcohol, and. Tory slightly soluble in ether and in benzene. It molts nt 
about 300^. 

- Bromopyrenefi* — JDihromopyrene JOU^omide, is formod when finely 

pulverised pyrene is exposed for a day under a boll-jar to tlie^ action of bromino 
vapour, the bromine being kept constantly in excess. The produc^ crystallised from 
nitrobenzene, forms faintly-yellow needles soluble in aniline and mtrobenzone, noarly 
insoluble in alcohol, ether, and benzene. ^ 

Tribromopyrefiet separates in the solid state on adding a slight excess of 

bromino to a solution of pyreno in carbon sulphido, hydrobromic acid being erolvod at 
the same time. It crystallises from nitrobenzene in colourless needles, which may be 
freed from the solvent by washing with* ether. It is almost insoluble in alcohol, 
ether, and carbon sulphide, somewhat more soluble in benzene, easily solublo in hot 
nitrobenzene and aniline. 

Pyrene-quinouet When solid chromic acid i.s addod to a hot solution 

of pyrene in glacial acetic acid, a strong reaction tiikes place, resulting in the forma- 
tion of pyrene-quiiionc, the greater part of which sepiiratcs during the reaction, tho 
rest on addition of UMter. After washing with water, and rccrystallisatioii from 
glacial .ncotic acid, it forms red needles or prisms. On adding water to the acetic 
acid solution, the qiiinono is precipibited as a brick-red powder very slightly solublo 
in alcohol, other, bonzone, and carbon sulphide, very easily in nitrobenzene. It dis- 
solves in strong sulphuric acid, with a brown colour, and when lieatcd with zinc-dust 
is reconverted into pyrene. 

Uexhydropyrene, C^®II'®. — ^Pyreno is not acted on by sodium-amalgam. Heated 
to 200® with hydriodic acid (b.p. 127®) in prcsonco of nmorjihmis phosi>horus,it is con- 
verted into a mixture of hydrides, from whidi tho hexhydrido may be isolated by 
repeated crystallisation from alcohol. It melts nt 127°, docs not combine with picric 
acid in alcoholic solution, and when passed through a red-hot tubo is reconverted into 
pyrono. 

nraZBXNB. This base is found, together with sovoral of its homologues, in 
tobacco-smoke (see Tobacco). 

It is formed when the hydrochlorides of certain monomorphino derivatives are 
heated with potash (p. 825). 

Ethylone-platinochlorido of pyrideno, 2(C*H*N.lICl).Pt01*, crystallises in rhom- 
bohedrons (V. v. Lang, Cfiem, C’cittr. 1872, 635). 

PTltZTXiS. CAPZZliilJl'r. See Njcxul Sulphzdes (p. 861). 

PTRXTBS. On tho Estimation of Sulphur in Pyrites, sec Sulphttb. 


PTBOCATBCBm, C®H“02 = This modification of dioxyhonzene 

has hitherto been generally regarded ns belonging to tho meta-serios or isophthalic 
series, 1 : 3 (p. 137); but recent investigations have rendered it more probable that 
it is an ortbo-compouiid, 1 ; 2 (see PHraoi.9, p. 924). 

Pyrocatechin has been found in living phints, e,q. in the groen leaves of the Virginia 
Creeper {Ampclopsia hederacea) (Gorup-Besanez, l)eiU. Chem, Gm, Ber. iv. 906). 

Eliickiger (ibid. v. 1) is of opinion that pyrocatechin is contain^ in the sap of tho 
plants from which kino is prepared, and that it is not formod during tho preparation 
c£ tho kino — ^which consists simply in boiling down the sap — since tho tompor^ro 
at which this operation takes place cannot greatly exceed 100°. The residues from 
the ethereal extract of kino-gums from various sources gave, when dissolved, in wat^ 
the characteristic pyrocatechin reaction, viz., a grass-green coloration on addition or 
ferric chloride, changed to red by lime-water. 

from Celluloie. — Hoppe-Seyler Chem, Gee. Ber, ir. 15) 

that pyrocatechin is produced, together with carbon dioxide and formic 
paper (Swredisb filter-) is heated with water to 200° for four to six h<^. 
heated to 210° in a stream of carbon dioxide gives off, as already observed oy 
kofer, a little prater and traces of formic acid, but no pyrocatechin. ] 

sngar, and milk-att^r, heated with water to 280°, are carbonised, and give on ooro- 
parativply laiger quantities of carbon dioxide with less pyxbcatechin. ■ . 

When pyrocatechin is heated with pkihalio emhydride, wd wter is aaow w “ 
mixtnre, n greeni A liquid is formed which exhibits, with potash, a very traoin^t. m 
oofouT (Basysr, » CSIma 0^, Ber, iv. 663). 

' . AMm q? Birm^nolis^ on BromopyrodoUehig^r^^^ 

ehteeldii is treated with; hiraiiiine and water, 0 snhitom (pvoyimona^ww ^ 


soluble in benseiM and in caihon tetraebloridOi 
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the empirical ibrmnla, and it appcam to be formed in the manner shown 

hy the equation : 

4C‘«H*Br<0* + 6Br« + 5B?0 - 6CO* + ICHBr + C»»H*Br*»0. 

An ethereal solution of orythropyrocatcchin, treated with aqueous sodium carbonate, 
yields a sodium CQinpound analogous to the (K>rrc6ponding derivative of xanthogallol 
(q.v.) Xt has a qisep green ralour^ ^nd brilliant mebillio lustre, and decomposes 
refidily when left in contact with alkaline solntioDs (Stenhouse, CJiem, Soc, J, [2J, zii. 

586 ; xiii. 6). 

PYROCKXiORB. See Taktolates. 

PTR00AXi&0& or VnoOAMMC ACXD. » Con>(OH)*. JRcacti^ 

vrith Iron Saifs , — Byrogallol produces, in a solution of pure ferrous sulpmte, a white 
milky precipitate which disappears on esposuro to the air, the liquid turning blue. 
The presence of a fetric salt is tlierefore required to obtain the characteristic blue 
colour with pyrogallol, but the quantity must bo small. Thus, on using a mixture 
contJiiriing oven 2 pts. of foiTic salt to 100 of ferrous sulphate, the blue colour changed 
in a few minutes into red. The red solution of pyrogallol and a ferric salt deposits, 
on standing, a precipitate consisting first of pure purpurogallin ; then a mixturo of 
this body and tanuo-mclanato of iron is obtained, and at hist only the latter compound 

is formed. . , , . , 

When ammonia is gradually added to a dilute solution of feme chloride and p3rro- 
CiiUol, the red solution first becomes blue'and then bright rod. On adding acetic iwd 
the blue colour is restored, but changed into a greenish tint by an excess of tim acid ; 
aiud on addition of ammonia the liquid again becomes blue and then red. llydro- 
cliloi-ic acid alfso destroys the blue colour, tho original red being reproduced. l>y 
means of this reaction the presence of 1 pt. of a ferric salt in 100,000 of can 

bo easily detected, and even on using only 1 c.c. containing O'OOOOo gram, the liquid 
aMi»iro8 a distinct amethyst tint. When pyroRallol m added V IJ, e 

cUlorido and potassium ferricyamdo contaimng a slight excras of the laUtr, a blue 
pmcipitato i.s formed which is soluble in water, ^moma ‘'’'““BT'’. *'» 

..n a^thyst-red, and acetic acid again into blue. 

ncetato or a mixture of a ferric salt and an organic salt of the alkali-motals <>» mot»« 

of the alkaline eartlis, a beautiful purplisU-blue solution is -fb 

I fine red bv alkalis Organic acids restore tho blue colour, whilo inorganic aciii 

?am tufliSd“sh^^^^^ The blno %nid is also formed "JifraZmir 

Biuxinato, ^m-avabie or its compound with limo, or an 

but not by the compounds of limo with tho sugars or by ferric 

invpatcd from ferric sulplmto and load acetate, and lioatod for some >«>«» 

bath ; this solution is also without action on 3*^5; ^am rf 

ammonia with pyrogallo-ferric chloride is so delicate, ^ . water When the 

W chloride will impart a purple-red colour te 2 ^„d 

blue solution is boiled, a bluish-black prccipitote, insohible^^^^ 

a simibir chango takes place slowly at the common P. ’ while red 

pyrogullo-ferric chloride chloride assumes 

litmus is not changed by aniline, an acid solution of p> g _ » Ixxvii. 693 ; 

« beautiful blue cSlour on addition of aniline (Jacquomin, Compt, rend. Ixxvii. mio , 

VyrogaUafe of i:ead.--Stcnhouso prowred assfguS' to 

lend acetate into an excess of \v Jl Doerinff however, finds 

31'b0.4CH*0* or aC«H»PbO*.PbH»OpO (ly.T^)*. 

that tho precipitate thus formed w a double (^me as that 

C«=}ropb6«.(cW)»Pb.tho percentoge 

required by Stenhouse’a formula. When which should be 

aeiil, it gives off acetic ether, in ^ It ia possible that many 

produced from a salt having the composition lead acetate, and 

insoluble lead salts of organic acids A^lt + nPbO, may really bo 

said to be basic salts containing *, 702^ 

double salts containing lead Metato {Chem. Soc. J. l J. • oxidised by 

Oxidation of Pyrogallol.-~o. By is entirely absorbed J 

electrolyeis. At first, the oxygon oliminatod ^ ^-.^^Itimately a mixturo of 
"forwards carbon dioxide is eWved in^largo quantity, ana uimm j 

this g,M with oxygen and carbon mon<»ido._ _ , ieo> finds tliat pyrogallol 

fl Jy Stru« 


wahw, «te*b oi iwdt, 
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to the air* Ii| presence of either of these substances, a dilute solution of pyrogallol 
gradually assumes a vine-yell^, or even a darker colour, and deposits small yellow 
capillary needlos of purpurogallin (Isf 977)« the solution remaining clear 
throughout. Cane-sngar, grape-sugar, starch, pepsin, and mine do not act in this 
’way. 

The easiest -way of setting up this reaction is to mix 60 e.c. of a 1 p.c. solution of 
gum arabic^ with 0‘2 p.c. pyrogallol. The pyrogallol dissolvos almost immediately, 
and the separation of purpurogallin begins after a few hours. A solution of purpuro- 
gallin is coloured deop blue by alkalis, as previously obflorvod by Qirard, and the 
reaction may serve for the detrction oven of very small quantities of this body. If, 
however, the purpurogallin is still- eontiiminatod with traces of pyrogallol or with 
other products of decomposition, it is coloured more or less brownish by alkalis. 
Pui^urogallin, like pyrogallol, gives Trommer^s reaction with cupric sulphate and an 
alkali. 

^ As gum reacts with pyrogallol in a similar manner to blood, Struve infers that It 
discharges in plants a function similar to that of blood in tho animal organism^that 
is to say, it acts as a carrier of oxygon. 

When msonised oil of turpentine is shaken up with pyrogallol, purpurogallin is 
formed, and dissolved by the turpentine. On agitating this oil wdth water, and a 
few drops of ammonia, tho wjitor acquires a transient blue colour, 

Struve adduces experiments which demonstrate tho incorrectness of Sclionbcin's 
statement (eTfiAmft. 7. Chem. 1860, 66), that hydrogen dioxide can exist in contact 
with pyrogallol, and that during the oxidation of a solution of pyrogallol mixed with 
caustic soda, hydrogen dioxide is formed in the liquid. Struve further observes that, 
when solutions of pyrogallol in pure water, or iu water contoining potash or gum, are 
exposed iu large glass flasks to the action of tho air, best in sunshine, and strips of 
ozono-papcr aro suspended in the flasks, a very distiucb ozono reaction becomes 
manifest in a few hours. 

According to J. D. Bosko {Dmt. Chem^ Ges, Ber.yi. 486; Chem. Soc, J. [2], xi. 
1031), pyrogallol dissolved in aqueous potash (1 mol. pyrogallol to 3 mols. ^tassium 
hydrate), and exposed to tho action of ozonisod air, is converted into an acid having 
the Gompositio'n C*H*0'. 

7. By Chromic According to WichoUiaus v. 846) pyrogfallol is con- 

verted by oxidation with chromic ocitf into a product diiiicultly solublo in chloroform 
and benzene, and crystallisable with some difficulty from alcohol, Wicbolhaus roprds 
this product as identical with Girard’s purpurogallin, but assigns to it tho formula : 

(OR 

- C«H»J0.0.C-H»(0H)* 

lo,o,c«H»(on)* 

Beaction with ^y^gallol dissolves quinone, forming pyrogallo- 

quinon e, Tho reaction is : 

2C‘H«0’ + 2CH*0* = C*H*0» + 

Quinono Pyrogallol Hydro- Pyrogalloqninone 

qainono 

il^rogalloquinono is a red ciystalline substance, which does not melt 
and may be sublimed, but not without considerable loss. It is decomposed by alkalis, 
yielding blue solutions which soon turn black (Wicbolhaus, loc. cU,) 

• Seaciions with Aldehydes, — ^Whon pyrogallol is dissolved in aqueous 
ene acetat€t not in excess, and fuming hydrocliloric acid is addod—whereby 
hyde is produced (p. 633)— the liquid quickly solidifles, from sepawtion of a doot 
lAiich is soluble in water but insoluble in hydrochloric acid, and precipitates gelaun, 
formaldehyde is present in excess, the precipitate, which is at first white, 
turns red, forming a very permanent dye-stuff. The amorphous, 
boiled vrith dilute hydrochloric or sulphuric acid yields small, colourless needles, jn 
to be insoluble in water. If tho boiling be continued too long, the 
^ t&j^telline compound become dark-coloured. An analysis of the ^ 

68*13 PrC,:Wb6i>\nd 4*66 hydrogen (Baeyer, DetU, Chem, Oea, Ber, v. 1696). 

AeeUddehyde^mfkonia dissolved in hydrochloric add gives; on 
hy^broehtdrie acid« a irhite predpitate oonsisting of a greasy substance okWv j 
inliratdr.^ Oa heating a mixture of aldehyde, hydrochloric acid; and 
^^tandTls pVDdu<!»d. CMorat reacts with pyxogallojl like aldehyde (» 7^ 

whidi hydrocWprlo agW 4 laffljtwnt 

.til 
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On mixing fnrfurol vith pyrogallol and moistening -with a trace of hydrochloric 
acid, an indigo-blue substance is formed, which dissolves in water with green colour 
and is precipitated by hydrochloric acid in blue flocks (Baeyor, ibid. 20). 

BensaUlehyde heated W’itli pyrogallol yields, as chief product, a colourless, resinous 
compound, C^IP'-'O’, which cry stiill isos from solution in ether. At the same time, 
there is formed a rod oxidation -proiluct which dyes calico like gallein, but bluer, and , 
is converted by reducing agents into the colourless body jn-st moiitioued. This sub- 
pb'iTico, lieated to 200 ®, gives off hydrogen, and is converted into a red compound, 
which dissolves with dark rod colour in alcohol. The colourless body is 
immediately obtained puro by mixing a cold solution of pyrogallol in hydrochloric sicid 
with a well-shaken mixture of boiiztildchyde and a very largo (Quantity of hydro- 
chloric acid. The clear solution becomes turbid in a few seconds, am I deposits tho 
substance in question in the perfectly colourless sUte. On lieatiug the mass with 
liydrochloric acid, part of it turns red, while another portion is converted into tho crys- 
laLlino compound. The latter is at once obtiiincd perfectly pure by adding highly 
coneciitratoil liydrochloric acid by small portions to a boiling solution of pyrogallol 
aiul benzaldeliyde in a large quantity of absolute alcohol, till tho erystalline precipitate 
which forms after a while no longer alters. Tho whole is thou to be quickly cooled, 
left to itself for a day, and tho prijcipitato washed with alcohol. Tho body thus ob- 
tained is perfectly colourless, almost insoluble in alcohol, slightly soluble in acetone, 
crVstiilHses in obliquely truncated prisms, ami has tliosamo composition as the resinous 
body formed in tho cold, viz., C-*Tr-' 0 ’, its formation being represented by the equation ; 

2Cai“0 + 2C"H''0* =» IPO + C"lP-0’. 



iipounu IS I'oiuuriusB, cryiswuiiawo 
s formation beiug represented by 

thocq^uation: 2 ( 3 , 11 , 0 . + 2C«H«0» - H“0 + C“n«0* 

(Rioyor, ibid. 280). 

Adhn of Brominct in presence qf Watfr, on Tnltromopjrogalld (Stenhouso, (/Am. 

J r‘il, xii. 686 ; xiii. l).~-'When tribromopyrogallol is added to about twice its 
Wiglit'of bromine and then 5 to 10 pts. of witer .are on tho * 

Blight development of heat, and both the brommo ^ 

formimr a deep orange-coloured solution. If this bo heated to 70 ® » . S . , 

tfforve^ ftom^^BTolution of carlMnic anhydride, .ando eiibslanco » S™diinlly d^^ 
ill briclit yeUow cry staUino plates whidi tiavo a composition represented l^y Uie forma a, 
C’H*Jir"C)*, or rather, the reaction being : 

4C«H«Br>0* + llBr* + 6H«0 - C»n*Br»0* + 6 CO« + 20 HBr. 

After purifleation by crysteltatieli ftomcarton^sd^hid^^^^^^^ 
forms brilliant yellow plates which 1.^2 alcohol, but niidcrgocs decomposi- 

tir^turs^o ‘III This substance. ^ “ 

bolter prepared by the action of brommo an ,,..L'o its woicht of bromine, only 

If, iisti^d of troaUng the Wore on fo™5"« *" 

one part be added, the whole ^ „ short time at tho ordimuy 

oninge-colovired solution. „ ...a »rntlually incTKieo until the mix- 

toniper.aturo, colourless scales temn to ip substonco thus formed is 

turo, if snfBcienUy concentrated, becomes seim-sol^^^^^^ ^ ^ 

smuewhat soluble in water, and dooompo trmted with excess of bromine, 

to be converted into the ycUow compound when tr^^ witn excess wo 

what darker than 2 (WiUiams,£Sfc»»-^««> «“• **)• 

3PbO.W 80 sO.:M* 0-84 m 

IB H s B s?:, ■- 
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ojcide, to tho latter of which the beautiful apple-green colour of the mineral is evidfi^ti v 
due. Sp. gr. « 6-416 at 20°. ^ 

P-0- Aa-0- PbO CaO Pb Cl 

4. 16-25 0-61 68-60 3-28 7*95 2*62 = 99-31 

(Petersen, Jahrhtich /. Minerdlogie, 1871» 398). 

Specimens of pyromorphite from Cumberland hare been found to contain didymium 
the quantity of which, judging from tho intensity of the absorption-bandB, is about 
equal to that in asparagus stone (C. Horne, CJtem, Ncm, zxvi. 109). 

PT&OMVCZC ACID, (Limpricht, Ann. Chem. Tharm. clxv. 278). 

This acid is produced in sixiall quantity only by the diy distillation of niucio acid, and 
IS best obtained by the action of alcoWic potash on furfiirol. By distilling it witli 
phosphorus pentachlorido a mixture of different bodies is formed which could not bo 
separated. When tlio barium salt mixed with soda-lime is lio.'Lted, a compound cnllo<l 
totraphcnol, distils over. It is acolourless liquid, having a peculiar smoll, 

and boiling at 32°. Tctraplioiiol is not acted upon by alkalis, and its alcoholic solu- 
tion is not precipitated by lead or silver salts. Sodium and potassium have no action 
upon it, nor is it changed by passing carbon dioxide into its ethereal solution contain- 
ing sodiujn, or by heating it with sodium and carbon dioxide in a closed tube. It 
does not combine with the bisulphites of tho alkali -metals, and remains unaltered 
when sodium-amalgam is added to its alcoholic solution. Acids act readily on it; 
concentrated hydrochloric decomposes it with the gi-eatcst violence, and dilute acids 
more slowly, with formation of the so-called pyrrol-rod : 

3C<H"0 - H^O = 

When 2 mols. of are added to a solution of 1 mol. of pyromucic acid, carbon 

dioxide is evolved, and a very small quantity of an oily liquid separates out. By 
shaking the aqueous solution T\'ith ether, evaporating the ethereal solution on a w-atcr- 
bath, and drying the residue over sulphuric acid, a yellowish syrup is left behind, 
from which, on standing, white warty crystals, having the composition 8opar.ate 

out. This body has an acid reaction, and its solution is coloured yellow by excess of 
alkali. When baryta-water is added until the liquid has only a faint acid reaction, 
alcohol produces a white precipitate having the composition (C*H*0")*Ba. An excess 
of baryta- water produces a yellowish precipitate, tho quantity of which increases on 
heating the solution, which has the same composition. Tho compound, is 

also formed by tho action of lead oxide or potassium dichroinate and dilute sulphuric 
acid on pyromucic acid ; by acting with sodium-amalgam on its aqueous solution, the 
bodies CWO* and were formed, and bromine oxidises it to fumaric acid, 

-which appears to be also formed by boiling it with water and silver oxide. It seems 
jnrobable therefore that the compound C^U^O’ is tho aldehyde of fumaric acid, 
although it does not combine with tho bisulphites of the alkali-mebils. 

The compound is not always formed by the action of 2 mols. of bromine on 

pyromucic acid and w-ator, but soveral times the body C*H*BrO* was produced, which 
IS formed according to tho follo^ving equation : 

C*n^O> + H*0 + 4Br = CWBrO* + 00* + 3HBr. 

This compound forms white feathery crysttils melting at 84°, and smelling like 
camphor. readily volatilises with the vapour of water, and is soluble in other and 
alcohol, but hot in water. Alcoholic potash docs not act on it at 180°. By adding 
sodium-amalgam and sulphuric acid to an alcoholic solution, tho compound C*H*0* is 
formed, a heavy very refractive liquid, smelling like benzene, which is not acted on 
by l^drochloric add and alkalis, and does not combine with alkaline bisulphites. 

When an excess of bromine is added to pyromucic acid in presence of water, 
miicobromic acid, C5^H*Br*0* (p. 828), is formed; 

# C»H*0« -f 2H*0 + 8Br « C*II*Br*0» + GO* + dCTr. 

Ita^yromuoxc Ac%d^ is produced, together with pyromucic add, a small 

quautwy O^au empyreumatic oil, formic add, water, carbon dioxide, carbon monoxidci 
and a gas burning with a luminous flame, by the ^ distillation of mucic add. Tl^ 
operatioh must be performed in a retort, of which only one-sixth is filled, and heat » 
applied, first vexY slowly, so that only one drop passes over every two minutes; aft^ 
war^ the retort m gradually heated to a dull rod- heat. It takes about ml^t hours to 
dbeompose 30 grhms of mucic add. Isopyromucic add decomposes carbonates bnt 
slowly, and may therefore easily be separated from the other acids by digestiiig^the 
'distillate with barium carbonate, and shaking the solution with ether, It 
soluble in water, and sublimes slowly at 100° in a eurrSitt of oiffbon dioxadst in^^wl 
soltemiig at and bocoming perfectly Ufslda^ a motiobanosi^ 
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Stenbpuse (CA^. Nem, xxiv. 303) describes anitUer isomcride of pyromucic acid 

Si I'fflSI lAichUo obtainl? 2y d'^eUng 

fttcusoi ( 11 . 918) Rt 100 'With receutly precipitated silver oxido and wator.^ The acid 
Boparated from this salt by precipitjitini? the silver with hydrochloric acid and 
evaporating tho solution at lOO-. is a brown semi-crystalliL mass^ fro^, Uldi 
peti-oleum-ethei extmets the acid, loaniig the colouring matter undissolvcd. Tho acid 
tlius serrated may be purifaod by one or more crystallisations h-om boiling water. It 
crystallises from aqueous solution in rlioinbic plates melting at ISO®, wliepLi ordinary 
prepared froiu fnrfurol, crystallises in smooth needles, and melts at 
133°. Silver ^^p^omwate, C^H»AgO^ is moderately soluble in boiling water, and 
eeparatos, on cooling, in long iUt ncodlcs. 

PTROPBOSPSATfiSa On tho formation of these salts by tho decomposition 
of hypopliosphitcs, soo p. 066. ^ 

PYB0PB08PK0RZ0 SVliPBOBROMZBB, P*S®Br*. See Fuosf 1 £OBUS 

Compounds (p. 963). 


PYBOBACBMZC or PYBVVZO ACXB, C»I1*0». Actim of rhospkarus 
P«i^rtt'A/or/rfc.— When 4 or 6 pte. of tho pcntachlorido are gradually added to 1 pt. of 
pyroracfiinic acid, the mixture being ultimately warmed till all tho pcntachlorido is 
dissolved, the cooled liquid treated with alcohol till hydrochloric acid ceases to escapo, 
and then mixed with a largo quantity of water, a I'od-brow'n oil separates, which, after 
washing with water, and drying. with calcium chloride, distils at 160°, yielding ethyl 
dichloropr opi onato, as a colourless liquid having a specific 

gravity of 1*2493 at 0°. Diluto aqueous ammonia converts this ether into a white 
crystalline mass molting at 116°, and having the composition C*H^Cl®NO (Klimenko, 
J^eut. Chenu Ges, Her. iii. 405). 

Bottingor {ibid, vi. 893), by adding phosphorus pcutachloride to pyroracomic acid 
cooled by a freezing mixture, treating tho product with alcohol, and subsequently dis- 
tilling, obtained n distillate of ethyl acetate, and a residue from which water separated 
ethyl dichloropropionatc. 

When pyrorncemic acid is licated with water to 130°, a small quantity of carbonic 
anhydride is evolved, probably duo to tlio formation of a trace of pyrotarlaric acid, 
but the bulk of the pyroracomic acid remains unchanged. When, however, tho heat 
is raised to 160°, a considerable quantity of carbonic anhydride is evolved, and pro- 
ducts not yet investigated are formed (Bottinger, ibid. vi. 787). AVith ban/ia-water 
pyroraccmic acid yields acetic and oxalic acids, besides uvi tic acid, (v. 971) 

(Bottingcr, loc. cit.) 

Barium peroxide acts violently on pyroraccmic acid, forming tlie barium salt of an 
acid containing C"II*®0*, probably formed- according to tho equation 3C*H‘0* — H®0 
=* C"H*®0*. At^hoii pyroraccmic acid is heated with strong nitric acid, oxalic acid is 
formed, together with small quantities of formic uud carbonic acids (Bottingor, ibid, 
vi. 790). 

AVhen pyroracomic mud, p^irtly neutralised with baryte, is heated with wator^to 
130° for several hours, an acid, C®H'®OS containing 2 nt. hydrin mors than uvitic 
acid, is obtained in shining crystals melting at 133° and volatilising completely when 
boated on platinum-foil (Bottingcr, ibid, 893). ^ , . . 

Wislicenus, by acting on 1 mol. pyroracemic acid with 2 at. brominej obtained a 
crystalline acid, C*H*Br*0®, which was transformed into lactic acid by nascent hydrogen 
and was therefore probably dibromolactic acid (iv. 770). According to B, de 
Clermont (BvU, 8oc, Chun, [2], xix. 103) this acid, when acted upon in the fused 
sbite by dUorino, evolves hydrochloric acid, and yields a product w^iiich ciystal^es 
from its aqueous solution in largo, flat, rhombic crystals, efilorescent in the air and^in 

Viicuum, and moUipg at alxmt 93°. This product is free from chlorine, but contams 
bromine, and, notwitbstandiug discrepanraes in analysis, De Clermont believes it to be 
identical with the dibromopyrude acid of ‘Wicbclnaus, (C®II*Br*0*), with wimm it 
agrees in properties ; 

+ Cl* ■■ C*H*Bp*0» + 2HC1, 


^ pyroracomic acid, heated to 100® for aoma time wlh hadrccUorK aeid 
tabe, Qiider(!oos decomposition, cariwn dioxide heme formed m abundraw. Tl^ l^wd 
yields, on evaporation,' eryslals having the compoertion of pyrotarUnc acid, and melt- 
»>gat llOMlS® (Be Olemont). 
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Sulphopyroracemic acid, heated to 100° trith aqueous solution of bromine in 
a sealed tube, yields a syrupy, uon-crysta^lisaUe^ brominated acid. Sulphopyro. 
racemato of barium, submitted to the 8aii|| ijj^tment, yields bromosulpbopyroracomnte 
of barium, crystallisable, and soluble in umter (De Clermont)^ 

Pyroracemic Ether a, — ^Pyroracemic acid does notyiold an ether by treatment with 
alcohol and hydroehloric or sulphuric acid ; neither is tlie othylic ether obtained by 
acting on^ the silver salt with ethyl iodide diluted with dry ether, the only results of 
the reaction being free pjroracemic acid and condensation-products. Methyl iodide, 
oil the other hand, yields a pyroracomic ether when similarly treated, but even in this 
case much of the acid is liberated. 

Methyl jryrorcemate^ C*H*(GII*)0*, is a liquid boiling between 184° and 
having a sp. gr df 1*154 at 0°, apd an odour like that of acetone. AVith acid sodium 
sulphite it becomes hot, but docs not yield a crystalline product. 

The structural formula of pyroracomic acid is most probably CH*.COiCOOH, and 
that of the methylic ether, CIi*.CO.CO(OOH*) (Oppenheim, Deut Chcm» Ges, iScr. v. 
1051). 

PTROBUliPBOPHOBPHOBXO BTBSRB. See StTLPiiOFHOsiUlORIC pTltijlis. 

■ PTROBUXiPBlJlUO AGZB and CBXiOUDB, Sec SxJLFitUii, OxtOEK- 
Acids of. 

. . PYBOVJfcWABATgS. See VAitAl^Tfis. 

PYBOTABTABXC ACXBp Fermentation . — According to lleclianip 

{Compt. rend. Ixx. 299), calcium pyrotartrate fermented in contact with microzymo 
chalk (Ifi^ Suppl. 014) gives olT marsh gas and carbon dioxide. 

Action of Bromine (Lagcrmark, Ta^Usehr, /. Chem. vi. 299). — Bromine acts vcfy 
slowly on pyrotarbiric acid at ordinary tomporatures, but when 10 pts. of pyrotavtiiric 
acid, 24 pts. bromine, and 10 c.c. water, are luxated together to 120°, the bromine 
disappears in about 6 hours, and on cooling there is obtained (together with CO=), a 
pale yellow liquid, and mostly a while mcass of monobromocitraconic anhydride, 
C*H*BrO* (p. 848). On mixing the liquid •with 4 or 5 vols. water, crystJils separate 
after some time, consisting of bromoxaform (pontabromomothyl acetate), formed 
according to the equation : 

C»n«0‘ + 2H*0 + 16Br = 2CO* + llHBr + C^HBr^O^. 

The bromocitraconic anhydride is supposed to bo produced from previously formed 
dibromopyiotartaric acid; thus : 

C^H^Br^O* = HBr -h H*0 + C“H»BrO\ 

Bromocitraconic anhydride is also formed, together witli a dark greasy mass, •when 
pyrotartaric acid is treated witli dry bromine at 100°. 

Bromine in presence of water acts but slowly on silver pyrotartrate at onlinary 
temperatures, but easily at the heat of the water-bath, nothing, however, being pro- 
duce except pyrotartaric acid, silver bromide, and carbon dioxide. Dry bromiiio 
acts on silver pyrotartrate, separating tho silver ns bromide, and on oxhansting with 
alcohol, and evaporating, there remains a mixture of pyrotiirtaric acid and anhydride. 
When 1 mol. pyrotartoic acid is heated with 1 mol. bromine in presence of water, a 
Bimdl quantity of carron dioxide is ovolvetl, and the only other product formed is 
bibmodtraconic anhyxlrido (soluble iri ether), half tho pyrotartaric acid (insoluble in 
other) remaining unattacked. The same reliction takes place when pyrotartaric acid 
is treated with an equal volumo of bromine without water, excepting that in this case 
a thick black mass is formed, from which nothing but bromocitraconic anhydride can 
be separated. 

'J^i^ibt^mopiyroiariainc acid, — The only way of obtaining brominated 

l^rotarUyie acid is to heat tho pyrotartaric acid w'ith excess of bromine. 1 mol. of the 
acid and B to 5 mols. bromine are boated in presence of water to 120° for three hours, 
the mfattuxe then loft to cool, well shaken, and heated in a flask with a drawn-out 
neck, till the vapour in tho point of the tube appears only li^t>red ; if the process 
is not conducted in this manner, carbonisation, and still more easily explosion, 
take placs. On owning tlie tube, hydrogen bromide and carbon dioxi^ escape. W 
resulting,, solid white mass consists of t r i bro m opyro tar taric acid, which, after 
washing, pressing and rociystallisation from water, separates flrom its solution by sW 
evaporation in six-sided^pnsms having a stronn acid reaction. It docs not melt at 240 r ■ 
but sublimes withotit previous fhsion at a higher tempfflpamre. , 

SSbter C■^■Br■Ag*0^ wawhito precipitu^ 
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pumanent in the ^r, anliydrous at 100®. The potataium ttdt is an amorphous 
glassy mass, easily soluble in water. 

Isomeridea of Pyrotartaric <ictrf>-^Wialiconus Ch.PJiarm. cxlix. 220) 
lias conyertocl bromobutync. acid, C*H^BrO*, into an acid isomoric with pyrotrartaric 
acid, by treating its ethylic cLhor first with potassium cyanide, then witli potassium 
hydrate : 

C^H^BrO® + KCN KBr + Car(CN)0» 
and 0<IIT(CN)0* + 3H*0 « NIP + IPO 4 - C*H«0^ 

Tho products of this reaction are a crystallised acid molting at 111^-112°, and, in 
larger quantity, a syrupy acid whoso neutral ammonia salt is precipitated by Icjid and 
mercunc salto, but not by zinc, copper, cadmium, or forric salts, llo^ these aciils have 
the composition C^H^O*. lioncc Wislicenus infers that in the bromination of butyric 
acid, two isomeric acids Jire formed — namely, a-bromobiityricacid, CH*.CIP.Cin3r.CO'-*lI, 
which may be converted into syrupy ethyl-malonic acid, CH*.Cll“.CH(CO®Jfy‘‘ ; and, in 
smaller quantity', i3-bromobutyric acid, CH*.CHilr.CH-.CO‘n, which, by the process 
abovo described, is converted into another isomcride of p3’rotartario acid represented 
by the formula, CIP.CII(G0*1I).CU-.C0-1I. The first of these isomeric acids has 
likowiso been obtained from adiromobutyric acid by Markow'nikotf and Tiipoloff 
{Dcut. Cfiem, Gcs. Ber. v. 329), who find that it is resolved by heat into butyric acid 
and carbon dioxide. 

PTmLHXTB. AcA:ording to A. Schrauf {Jahrh, f. Mineralogies 1671» 764), the 
pyrrhito of San .Miguel (zirconium niolmtc, iv. 783) exhibits distinct octohedral faces. 
Hardness = fl'o. A characteristic blowpipe reaction, serving especially to distinguish 
pyrrhito from pyrochloro, is that pyrrhitc forms with mieroeosmic salt in the oxidising 
fiiimo a bond which is perfectly clear and colourless, whether hot or cold, whereas tlio 
bead formed by pyrochlora is j^ellow ■while hot, and becomes colourless only on 
cooling. 

PYB&OB. Pyrrol-bases appear to bp present, together with bases of the pyridine 
series, in tobacco-smoko (see Tobacco). 

Pyrrol-reds is formed by tlio action of acids on teti^aphouol (p* 1032). 


QVA&n. This mineral has been found, together with iron-glance, in the clci^ 
of a trachytic lava from Lipari, in small cryst/ils exhibiting all the marks of volcanic 
sublimation (G. vom Hath, Fogg, Ann, cxlvii. 272). iv j 1. 

The formation of quartz in small prisms, together with that of a felspar allied to 
oligoclase, has been observed by H. Bcnrath (Jahrcsb.f. Chem. 1871i 1139) during the 
devitrification of lime-soda glasses. - ... *1, j. j 

The colour of sweaty qttarU (smoky topaz) has sometimes bffen attributed to allo- 
tropic modification of ho silica. Fluckiger (Jahre^. 1871. 1199), on the 
from the examination of very large crystals of smoky quarU from the Tiofen 
Switzerland, concludes that Uio colour is duo to organic matter ; and this conclusion has 
been confirmed by A. Forater Ann. cxliii. 173), whohass lown, byoptical 
tioa and detarmLuon of dennit^ that the toIout cranot ’^.‘^"'1,*” 
tion, and that the amoky quarta, when subjected to dry 

quantity of a brownish liquid containing ammonium carbonate, whence it wouia 
appear that the colour is due to an organic body contiiming nitro^n. 1 07A 

bn th^stolUne forms of quarto from various localities, see Jahre^.f. Cham. 1870, 

1277: 1871, 1188. , r .u 

JlVASTMOmMRST. Tk* ™ futhl" tof 78™“b^ 

neighbourhood of Teplitz in Bohemia (Wten. Akad, Ber, [2 Abtli.J, » 

_ i 3 j rtiiniAmus oiiartz-ffrains 


Near the foot of the *.onigsuwuw. 
koolinised orthodajo apd coarse-grained quartz. Sp. gr» 
InsoluUoa Aaidytcd by H. 
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C. From the banks of the Saubach. Completely disintegrated. Sp. gr. s 2*512. 
a. Soluble, b. Insoluble. Analysed by J. Stingl. 

D. Another variety from the banks of thi6 ^uboch. Sp. gr. « 2*667. Analysed 

by J. Stingl. - ■ 


SiO« 

A. 7309 

A1“0> 

11*61 

Ftf'O* 

7-62 

MnO 

0*88 

OaO 

If 

Na*0 

2*19 

H“0 

0*70 « 100*27 

■D Jfl. 0*30 
^■{6. 67*81 

3*00 

20*47 

0*45 

0*36 

— 

1-46 

— 0*68 

0*06 — 

1*66 

*:!«}= 99-34 

76-62 

10*30 

^5*62 

6*30 

z 

z 

— 

1*60 

Z { *= 100*34 

D. 75-47 

16*07 

3*86 

— 

0-95 

0*63 1*85 

0*61 

1*43 « 99*77 

QVXWXmB. 

QVnrXBnra. qUXKZOnrB. QirilTA.lMIZirB. See Cinchona- 


BASKS (pp. 343-346). 


QUXWOA. The bitter Bocds of red quinoa, grown in thegardensof Lima, wore found 
by M. C. Cooke {Pharm. J, Trans. [3], iii. 281) to contain: 


Yffiitdi: .... iO'Ui 

Stiirch .... 38*72 

Sugar and extractive 

matters . . . 6*12 

Gum 3-94 

Oil 4-81 


per cent. 

Casein and a small quantity 

of insoluble albumin . 7*47 

Insoluble albumin and other 

proteids . . . 11*71 

Vogcteble fibre . . . 7 ’09 

Inorganic matter . . 4*23 


C*H'0®. Vapour-dmsUy . — Hofmann Clicm. Ges, Ber.m. 583) 

has determined the vapour-density of quiiione in n barometric vacuum at the tempera- 
ture of aniline vapour; and has obtained tlic numbers 51*7 and 63*73 (H — 1), agree- 
ing nearly with the number 64 calcuhited from the formula 

Quinone volatilises completely at the temperature of boiling aniline ; its vapour has 
a faint yellow colour, and condenses, on cooling, in long j’ullow needles, which exhibit 
no sign of decomposition. 

DiGhloroquinonef C"IHC1“0^ is formed, with evolution of hydrochloric acid, by 
the action of nitric or nitrous acid on trichloroplienol : 

CWCl^O + 0 « IIOl + C«H*C1*0» 

(Faust, /. Ckem. 1867, 727; Weselsky, BctU, Cfiem. Ges. Ber. iii. 646). It 
c^stallises from alcohol in straw-yellow prisms an inch long ; has a peculiar aromatic 
odour; colours the skin reddish-brown; melts at 120®; sublimes at a much lower 
temperature; and gives^ with ammonia, a solution gruilually turning green, reddish, 
and finally brown, from which acids no longer precipitate dicliloroquinone. Ferric 
chloride added to its aqueous solution throws down Blender white noodles (Faust). 

Bichlorodioxyquinonc, CfdoranUic acid, C®CF(0Il)-0*. — This substance, fused 
with potash at 150®-170® in a stream of hydrogen, yields potassium chloride and oxalic 
acid. When potessium chloranilato is heated to 170® with potassium acetiite and 
water, OP with water alone, cai'bon dioxide is formed and a large quantity of carbon 
separated. Fotassium chloranilate detonates when heated alone, likewise yielding 
carbon dioxide and fre^ carbon : 

0»C1«K*0* <. 2KCI + 2CO* + 40 
(Morz a. Woith, Dent Ckcni, Ges, Ber. v. 462). 

. •ytoMpiinone* C*H*0^ « C*H*(OH). — On the etracturs of this compound and 
its iaomwdes, pyrocatechin and resorcin, see PuiotoLS (p. 924); also Hesse (DmU 
Ckem. Gee.Bcr. v. 1022 ; Chem. 8oc. J. [2], xi. 386). 

Hydroquinone h^ted with phthalic and sulphuric acids forms a red phthaloin, 
‘which dilssolvcs in potash witli a red colour, and dyes iron and alumina mordants 
like barwood (Gxabowsky. Deut CAem. Gee, Bcr. iv. 668), i 

I of phenol, C*H«Q, dissolved in water, iz difijeisted 
with 24 pte. chromic acid for half-an-hour, chromic oxide separates, and on disrilUng 
thO; .solution, a yellow watery liqifid passes over; and on agitating this ! ^th 
eUto and evaporating the ethereal solution, a dark-red (^stallixie mass is obtained 
wldcb, by pressure and sublimation, yields l^utafpl red needles, with green metallic 
lustre, consisting of phenpquinoiio ; 

^0— ocw 

^d—po®: 
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QTJINTAOTIS, 

The foimatlon of this jubstance ia doe to the oxidation of part of the 
fSToJitn— ^7^^^ PhMol dopriveTof 2 a™ 

CH'O + 0* a H»0 + 0*H‘0« 

and 

C’ffO’ + 2C'H''0 + 0 = H*0 + C'*H'*0^ 

ii fact, on adding quinone to a solution of phenol, the same red compound is obtained 

»rP‘tte5 

Phenoquinone^lta at 71°, dissolves in water, more readily in alcohol and ether; 
it is not altered by chromic acid in the cold ; does not form salts. It splits up, under 
the influence of heat and of various reagents, into phenol and quinone, or the products 
of their decomposiUon (Wichelhaus, Deul. Chan, Ges, Her. v. 248). 

All tiio phenols of tho aronuitic series (cresol, thymol, resorcin, o-naphthol, 
fl-naphthoh &c.) react with qmnone in a similar way ; thymoquinono also reacts thus, 
l}ut tho dimcultly reduciblo aiithraquinone does not undergo such clninges. Chloro- 
quinono and thiophenol do not develop, substitution-products in this manner; tri- 
chlorinated quinono is reduced, and tho chiorino removed, by the action of pyrogiillic 
iicid ; tetrnohlopoquinono, on Uio other band, does not lose any chlorine, but forms 
tetrachloro-hydroquinono ; tliiophcnol reduces the quinono to quinhydMnc, and finally 
to iiydroquinone, ^ 

Phonoquinono, treated vith anUinr,^ forma a cryshillino product similar in constitu- 
tion to itself, being derived from it by substitution of Nil for 0 ; 


^O.O.C-H* 

cm\ + 2(C«H».NIP) « 2(C«H».OH) 

^O.O.C«H* 


^O.NH.C«H» 


This body is identical with Hofmann’s quinone-finilide, obtained by the action of 
quinone on aniline, Hofmann regarded it as C**n*^0-N^ whereas AYichclhaus assigns 
to it the above formula, C^^H'^O^N*. 

Pyrogallol dissolves quinono, producing red cr}’Bl;alline pyrogallol-quinone, 
C®n^[O.O.C*H*(OH)®]*, already described (p. 1030). 

QiiinhydroM or Green Hydroguinom is regarded by Wiclielhans as 
^O.O.C«H\bH) 

e , i.e. as a body analogous in constitution to those 

^O.O.C«H\OH) 

above considered. Tliis formula agrees well with Wohler’s analysis of quinhydrono; 
novortheloss, this body is generally regarded as C”ir®0* » 

(Wichelhaus, Dent Chm. Ges, Ber, v. 840). 

On Naphthoquinone^ see p. 8 2d. 

On the isomeric bodies, Anthragidnone^ Thenanthrene’-gxiinonCt and on tho constitu- 
tion of Quinones in general, see pp. 90-95. 

QVZiraAinBB, See Amyl HYonmES (p. 63). It is there suggested that 
tctramethyl-methane, C(CII•)^ might be obtained by tlio action of zinc-methyl on 
dichloropropano or mothyl-chlomcetol, CH* — CCl'—CH® ; and indeed Lwow (Zeitechr, 
/. Chem, [2]f vii. 267) has actually obtained by this process a gas havinff the 
imposition 0*11'*; but it does not crystulliso at -30®, whereas that which he 
formerly obtained by tho action of zinc-methyl on tertiary butyl iodide {ibid, vi. 621) 
solidified at - 20®, The later product was perhaps impure. 
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lULBlIXOmni. A soft black graphic mincralt oocuriing in tho form of Bmall 
bars at Nischne-Tagilsk in tho Ural. When rubbed with tho ilngor, it acquires a 
fatty lustro« It melts easily boforo tho blow-pipo to a stcol-grey magnetic bead, by 
which property and by its large amount of iron it is distinguished from usbulaii. 
Sp. gr. = 2*8u. Analysis gave : 

Fc"0" Mn»0* A1*0“ OaO MnO ObO H»0 

46*0 18*00*' 1'40 14*0 7*61 5*10 13-60 = 09*61 

• Another exj^vittont gave 14‘00. ' 

(F. V. Kobell, J. pr. Chtm, [2], i. 423). 

RACBmO JLCZ1I« On the reciprocal transformation bf racemic and inactive 
tartaric acid, boo Tabtauic Acid. 

BAZlI'a On the composition of Bain-water, soe Atjiiosfuebe (p. 112). On tho 
quantities of nitrous hnd nitric acid in rain-water, see Nitaic Acid (p. 857) ; also 
Chtm. 8oc. J, [2], X. 87. 281, 324. 

BA&STOirZTBa A hydnited aluminium Ouorido containing traces of sodium nud 
calcium, from the cryolite formation of Arksut Fjord in Oreonlnnd. It crystallises in 
regular octohedrons (sometimes with very subordinate dodecahedral faces) ; oolourlftss, 
and with a vitreous lustre. Hardness alxivo 46. Sp. gr. = 2*4. It appears to be 
chemically relatetl to fliiellite, which crystallises in rhombic forms (U. J. Brush, 
{SUL Am. J. [3], ii. 30). 

BAMMB&SBBBOZTS (F. Saudberger, Jahrh. f. Jlfmero/qyzt?, 1871. 935). 
— This mineral, the rhombic form of iii(dcel diiijsenitlo, NiAs’”', hiblicrto found only at 
Schneeberg in Saxony, has lately boon found at Wittichcu in Baden. A spodmen 
analysed by A. Hilger gave results agreeing nearly with tho former analysis by 
K Hofmann (iv. 87)> 

Ab Ni Fo B1 Cu Co S 

Hilger . 68-80 26-66 2 06 2 66 traco traco trace 99 67 

Hofmann . 71*30 28*14 — 2*19 0-50 — 0 14 - 102-27 


Deducting tho bismuth, and reckoning the iron as nickel, both analyBOS load to tho 
formula ^^iAs^ which requires 72-16 p.c. As, and 27*85 Ni, Tho minoral becomes 
covered by weathering with a very light groon crust, appearing under tho microscope 
as a mixture of glistening white octohedrons of arsonious oxide and green lustrol(5ss 
nickel arsenate (nickel-bloom). ^ 

In the specimen analysed by Sandbcxger tlie raminolsbergito is coated with a crust 
of Btoel-grey smoltine, CoAs^, wiiich is intimately mixed with quartz, very liard, and 
BhootH out on the surface into larger crystals, go Ooo . O. Besides cobalt and arsenic, it 
contains a large quantity of iron, witli very little nickel, copper, and sulphur. It is 
evidently identical with tho mineral from the Sauschwait mine at Schneeberg, analysed 
by £. Hofmann, and containing 0-06 p.c. S, 1*39 Cu, 0*Q1 Bi, 70*37 As, 11*71 
Fe, 1*79 Ni, and 13*95 Cu. Tho surface of separation of the two minerals does not 
exhibit a regular curvature, as if ono of them hod boon deposited over the other, but 
is irregular and jagged, as if tlie arsenides of the several metals had been first 


1 siuaiuuo »nu ciui*uuuiLr, ww 

forming the irregularly bounded nucleus of a spheroid, and containing only traces o 
cobah^ which, on tho other hand, is concontratw with the iron, and without any mcJco , 
in tho outer crust. A specimen from Wittichen was found to cpntoin : 

Ki 00 ’ Pe S 

In the nucleni (copper-nickel) . . 48*86 trace • 0*67 

In the crust (iiwtine) • ... . 8*52 10*11 5-05 4*71 

mWJUBtVX w BAS8AXIWX. A Tariety 6t giwdU oaso^iiff at ^7*^^ 
and Mother localities in Finland (v. 77). Analysofl a and 6 are by Struve , 7 

Benmth, of a weathered friable yariety from Fyterlak. 

ffiO* Tib* A1*0* PM* M llnO GaO K*0 

...n. A... ....A LA. 1-01 .o-Jq B>SS 


6t-*0 

eo-ro 


« lW-« 
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of this 


amorphoiiB, resembles allopbane, biit is sometimes translucent, from powsity" S 
opaque ; greenish to yellowish white, rarely with milk-white spots. hWeture 
conchoWal to earthy ; the earthy varieties adhere strongly to tlio tongue. Hardness 
3 5 to 4. op. gr. l*90-2'07. The mineral contains, in addition to traces of Na Cl 
and Mg: 

P’0' Fe'O' AI«0' H'O SIO- CaO 

43*20 14-40 16 00 24*00 l OO 0-67 » 100*37 

(G. U. Shepaid, Sill. Am. J. [2], xlwi. 428). Another specimen gave sp. gr. = 2 019, 
perhaps too high on account of admixed silica (8 8 p.c.); it contained 24*73 p.c. water 
anil 40*19 P”0*, or, after making the necessary allowance for impurities, 44*07 
{ibid. 1. 00). 

SlSFRikCTZOir. See Ltout (p. 741). 

RSGZAXrZZV. A suhstanco o})taitiod from the green shell of the walnut (Ji(glfi 7 is 
regia). It may bo extracted by benzene, and cr^'stallises in yellowish elongated octoho- 
drons or feathery groups of prisms. It is easily docomposible, and forme, with the fixed 
alkalis and ammonia, solutions of a fine purple-red colour, from which acids throw 
down brown (locks. Hy rodi.sso1 ving these ill weak soda-loy, precipitating with hydro- 
cliloi'ic acid, and washing with boiling water, rcgianic acid, C«I:l«0^ is obtained as 
a ilonse nnioujiboua pitch-black powder insoluble in water, soluble with purple-red 
colour in alkalis. It foi-ms a brown load salt, PbO,C*IPO’, a pitch-black silver salt, 
and a flesh-coloured lime salt, which is precipitated by boiling its solution with a 
small quantity of ammonia (Pliipson, CAertt. News^ xxiv. 110). 

REZSSZTSa A ztioLitic mineral occurring, together with quartz and desmin, iu a 
trachytic conglomerate on Thera (Santorin), in short prismatic crystals belonging to 
Iho rhombic system. It is transparent ami colourless, or whitish with a vitreous 
lustre, melts c^ily, dissolves after heating more easily than before, with separation of 
a jolly. The solution contains lime and alkalis (K. v. h'ritz.sch, Jahrb.f. Mineralo^e, 
1870, 80). According to HesscnJjerg’s mcasuremonts {ibid. 480), the crystals exhibit 
the combination ooP . oo^too , Poo , 2f2. Anglo ooP :.ooP = 134*8°. Cleavage 
parallel to the brachydiagonal. 

RBSZXrSi F08SZE. II. Spirgatis {N. Hep. Pkarm. xx. 321) has examined a 
fossil rosin from the coast of the Haltic, near Hriistcrort. It is commonly known as 
‘ unripe amber,’ but differs essentially from ainbor by the absence of snccinie acid ; on 
the other liaiid, it exhibits .several points of resemblance to Krantzite (iii. 448). It is 
iaodoroiiH, light yellow or greenish, nearly transparent, but covered with a thin opaque 
crust. Whon heated it burns with a bright smoky fiamo, leaving 0*33 p.c. ash. It 
becomes darker at 100°, aud melts above 300°. »Sp. gr. s= 0*934. Analysis gave 
80*02 p.c. carbon, and 10*93 hydrogen, agrocing witli the formula, C^“1P**0, which 
roquircs 86*03 C, 11*11 II, and 2*87 0. 


Fop Benmth s experiments on the manufacture of glass by fusing mixtures 
rock with liraestono, sob Dingl, pol, excv. 264 j Jahreah. f. Chem. 1870, 1160. 
RBSOROXVEa A phosphate from the island of Hedondns. Wab* 


Bonttaornlte (IT. Hofer, Jahrh. f. Mineralogie, 1871, 561). This resin occurs in 
the coal-beds of the Sonnberg, near Guttariiig in Cjirinthin.^ It has a fattjr lustro, 
a brown colour with garnet glimmer, wine-yellow by transmitted light, especially in 
splinters, and a light-brown to orange-yellow streak. It is brittle and may bo scratched 
with the nail. Sp, gr. «» 1*076. When heated in the air, it gives off white vapours 
liJiving an aromatic odour, and burns with a deep yellow smoky flame, without leaving 
any residue. At 06° it begins to melt toB viscid, brown-rod mass, which throws up 
bubbles at 160°, and emits white vapours from 215° to 225°, at which latter tem- 
porature the mass becomes mobile, assumes a dark purple-rod colour, and omits a fetid 
gaseous mixtuTO, blit does not give off succinic acid. When fused with alkaline ‘car- 
honatos, it does not exhibit any trace of sulphur, although that clement is present in 
the cojil in the immediuto neighbourhood 6f the resin. Eosthornite is not altered by 
dilute nitric acid, by potoshdey, or by alcohol, either in the cold or on boiling ; m 
^arm ether, however, it dissolves partially, forming a turbid wine-yellow solution, and 
leaving a white tumefied residue. In cold turpontine-oil it remains unaltered, but 
bot turpentine-oil dissolyes the pure resinalmost entireljj leaving 
of dark^joloiired matter (enclosed paitacles of cwl). It swells ^ 

dissolves partially in liot petroleum. In benzene it dissolves at ordinary temperatureSi 

resemblance to laulingite 


be seen from tho fbUowing compai^n 
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Euosmite is distingoiBhed from rostliornito by ito strong odour of camphor and roso- 
mary, by its easy and complete solubility in alcohol and ether, and by the deep yellow 
colour which it imparts to potash-ley, &c. Pyroretiii also differs from TOsthornite in 
its behaviour to solvents, and moreover contains 10 p.c. o^gon. Girona or Bucara- 
manga resin, which occurs in auriferous porphyritic alluviiins, resembles rosthovnite 
ill itfjji^behaviour to alcohol and ether, but is transparent, pale yellow, and very mudi 
like amber in its physical choriictors. 

ltosthornit(^«, therefore, cannot bo included either physically or chemically in the 
succinite group, or in that of retinito (80*4 C ; 10-7 11 ; 87 O), neither on chemical 
grounds can it bo referred to the ixolito group, to which jaulingito belongs. It uppoara 
rather to form a typo of solid resins rich in carbon and poor in oxygen. 

Fossil Seiin flrom the Val d*Arno Superiore (I. Guaroschi, Cimento, v.-vi. 
176). The lignites of the Figlino basin on the left bank of the Arno contain several 
fossil resins, one of which is called by the country people ‘combustible earth’ {terra 
cJiB hrueda). This resin is a light, very friable, amorphous, yollowish-whito mass, 
. which burns like touchwood, and with a aomewhut smoky tlamo. It contains 41 ‘S p.c. 
organic and 687 mineral substance, the latter consisting of silica, ferric oxide, 
alumina, manganese oxide (trace), lime, magnesia, potash and soda, soluble in hydro- 
chloric acid ; and silica, iron silicate, and aluminium silicate, insuliiblo in that acid. 

The organic mattei; is almost wholly soluble in alcohol, and may bo resolved, by 
fractional solution in that liquid, into two resins, a and 0, having the following com- 
position : — 

o n o 

Besin a . . • 7272 0-41 17*87 « 100 

Resin /3 . . . 76*04 9*12 13 04 = 100 

The composition of a ngroos nearly with the formula tliat of j3 with 

C**H”0*. The tesin a may be supposed to have been formed by oxidtition of a poly- 
meride of turpentine-oil, + O* and 15 by abstraction of the elements 

of water from « : — 3IPO = Both exhibit considorable analogy, 

both geologically and chemically, to the group of resins callofl p^r&pissite, from the 
lignite of Weissonfels (iv. 769). 

Resin a is bbickisli when molted, yellowish in powder, lighter than water, softens 
at 75®, and melts completely at 90°, It dissolves with brown colour in alcohol, veiy 
easily in benzene and in turpentine-oil, very slightly in other. Strong sulphuric acid 
dissolves it in the cold, more easily when heated. Nitric acid acts but slowly, or not 
fit all, upon tlie resin itself ; but when added to tho sulphuric acid solution it appears 
to form a nitoro-substitution product. By melting tlio resin with potash, no organic 
acid is formed, but me^ly an alkaline carlxmato. By distillation jdie resin yields a 
brown cmpyroumatic liquid which docs not appear to contain succinic acid. 

Resin 0 is blockish and amorphous, very sligh^y soluble in alcohol, much more 
freely in benzene and turpentine-oil. It is lighter than water, melts at a tomperatuie 
above 120°, and is soluble in potash. ' , 

UftOACMv C*H*0* — C*H*(IIOy. This modification of dioxybenzone, formerly 
regarded as a para-compound; is now placed in tho meta or isophthalic senes (sw 
I^sKou, p. 924). , > t M* 

Resorcin is formed by the dry distillation of brazilin (p. 208), and may m easny 
prepared by^mixing the wadi- and mother-waters obtained in the mannractare 0* 
mzilin from Brasdlrwood extract, with chalk, evaporating to dryness, and 
residue to dry distillation. This, according to E. Kopp, is the easiest and cheapen or 
all methods of preparing resorcin* > . j . ^ t 

Resorcin melts at 98°-99® and distils at 266®-267®. A vety charoctonstao W 
it is to treat a small quantity with filming eulphuriotacidf which dissolves jt 
orange-yellow colour, gradually darkening and changing in 20-80 
blue, and Tdjdmatdy to, a. pure blue : on warming tbo liquid to tws ww, 

chanigeii to silAe (K Kopp, Deut Chm, (7mi. 2»r. vl. 440), 
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A wxtiin of Mi^n with Ttw/icra;, touched with a dn^of hTdioehloric add forms 
,n indig<^blu6 substonee dissolTes with green oolow in iuto, imd iT^d! 
tated hy^chlopic acid blue docks (A. Baeyer, Seut. Oiem. Gei. Aer. ” 

Bensoie aldt/u/de reacts with resordn in the same way as with pyrogallol (p. 1081). 

Besorcin^ oit&S/dride yields resophthaloin or 

fluorescein (^H'W - 2CKH*0« + 2 H^) (p. 524).^ Ucrtcd with 

auoeaae mhydr^, it polds a yellow, resinous substance, similar in chaiactor to 
fluorescein, and doubtless consisting of the succinoin of rpsoTi-ii. 
CLH^O* = 2CffO» + C‘H<0> - flH’a Heated with osa/ic and mlphunc acidsy it 
yields a yellow substane^ whioh differs from the phthalein auii succinoin just men- 
tioned in loiming a non-fiuoTcscolit solution, and appears to bo identical with eiixun- 
tiiono (Isi auj^lt 610), which may accordingly bo regarded as tho carboneiu of 
resorcin : 

= 2C*H«0* +' CO® - 2H20 


(Baeyor, Deut, Chem. Ges, her, iv. 662). 

Aso-dertvaUwea of Reaorcln (Wcselsky. heut. Chem, Ges. her. iv. 613). 
azo-resorcin, C*"H**N®0*, is formed by tho action of nitrous acid on an etliercal solution 
of resorcin : 

3C*H«0® + N®0* « + 3H*0. 


It forms brown granular crystals, with n green metallic lustre ; is sparingly soluble 
in water, dissolvos moro freely in alcohol and acetic acid, with a dark cherry-red 
colour, and its alkaline solutions have a splendid blue-violet colour. By the action of 
strong sulphuric or hydrochloric acid it is converted into diazo - rosorufin, 
C®*H**N*0*, which separates from tho hydrochloric ^acid solution in small, dark red, 
granular crystals. It is nearly insolubm in water, alcohol and ether; conccntrutecl 
sulphuric acid dissolves it with a crimson colour, and the same colour is exhibited by 
its iilluilino solutions, which have also a beautiful vermilion-red flaorcscenco. 

AVhun diozo-resorcin is heated with tin and strong hydrochloric acid, the solution 
iissiiines an omcrald-gT^en colour, and on cooling, hydro-diazo-rosorufin hydro- 
chloride, C“II*“N*0".H“ -h 3HC1, crystallises out in tho form of green leaflets with 
a silvery lustre, or of light green needles. The crystals, when exposed to the air, 
assume the colour and tho coppery lustre of indigo. On heating this compound in a 
current of air, the hydrochloric acid escapes, and oxidation takes places, di^izo-resorufin 
being reproduced. When a solution of tho hydrochloride is heated with diazo- 
resoruflu, a dark-blue solution is obtained, from which dark bottle-green, shining 
needles czystallise out, which are a combination of the two substances, analogous 
to quinhyefrono. 

By heating diazo-resorcin with acetyl chloride in closed tubes, dehydro-diazo- 
resorcin hydrochloride is formed: 

C«H”N»C1®0» - 0«H^*N*0« — H*0 + 3HC1. 

ciystallisea in yellow scales, resembling mosaic gold, insoluble in water but soluble 
in alcohol with a straw colour, and in alkalis with a magnificent violet. ^ By cold 
nitric acid it is converted into a brick-red flocculent body, which, when treated with worm 
nitric acid, gives purple plates, the alcoholic or ethereal solution of which shows a re- 
markable veimilion-nd fluorescence. Both compounds are true colouring matters, and- 
tho former has the property that the fluorescence of its ammoniacal solution appears 
also on silk dyed w^h it. The above reaction of acetyl chloride also gives rise to 

acotyl-diazo-resoroin, in the fomtof an amber-yellow resin. 

By heating diazo-rosoccin with strong nitric acid totrazo-resorcin nitrate, 
C>“H«iN*0«(N0»)*, is obtained : 

1. C«H**N*0* + N®0* ■■ 3H*0 + C>®H®N*0" 


2. C*«HWO* +8N*0® ".SNO* + C*"H»N*0«.(N0®)^. 

This nitrate otyitaliises in Well-defined gamet-red needles, which have a brilliant 
m^llic lustre, dissolve in water and alcohol, and very readily in ether with y 
jy^igo-blue colour. By fiirther action of nitric acid, tetrazo-reBorufin^itM^ 
is fmsd. The crystals contain water, have the 
permanganate, and dis^lre with the same colour in water, 

0“ escapes and A d»U. 

^hini Qik lioiliiig it vith trater, deeomfoiiuoii ttky. place, 

PfeecBca ef alkalla ! ftwn tb. aoltt&n dark flake. «!»“*« 

i, ttMiriiwMad ittt^ihj^ro-teUaao^^**^^^^ 
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G*’H^K>*.6NH’.0HCL is tho final product oUained 
by heating any of the above totraKO-compounds with tin and hydrochloric acid. It 
crystallises in long, colourless needles, which, on exposure to the ;air, nssume a rose 
colour ; in alkalis it dissolves with a blue colei^r. By passing air through the ammo- 
niacal solution, it becomes brown, ttrhilst green crystals, with a canthnridic reflec- 
lion, separate out. This body is 7i^ro-tAtdo-fefr<uro-mor7{^», C**H,**N"0®(NH)« ; it is 
Insoluble in water, and dissolves in concentrated hydrochlorio and diluted nitric acid, 
with a wino-red colour. 

Sromoreaoroliia. Pentahromoreaorcin, C‘HBr’0?, is prepared by adding an 
aqueous solution of resorcin, with constant agitation, to a cooled mixture of bromine 
and water (in tho |>ropoTtion of about 5 : 1). By two or three crystallisatioiiB from 
carbon sulphide it is obtained pure in large ralourless or sulphur-yellow prisms. It 
melts at I13‘5^, is nearly Insoluble in water, dissolves easily in ether and in alcohol, 
moderately in benzene. From solution in hot petroleum oil it separates for the most 
part on cooling. Hydriodie acid converts it into a compound which crystallises in 
colourless zieodlos;* probably tribromoresorcin (Stenhouse, Ann, Cb, Pharm. 
clxiii. 182), 

Tho composition of pontabromoresordn appears to bo at variance with Kekul6's 
theory of tlio constitution of the dioxybenzenes, according to which one of the 

five hydrogen atoms which are replaced by bromine to form tho compound, C®IlBr®0*, 
should exist in the form of hydroxyl, and should therefore not bo thus ropliiccablo. 
This difficulty suggested to Licbormanu a. Dittler {Deut, Chem, Gis. Per, v. 1000) tho 
idea that the compound in question might be really an addition -product, 
containing 2 at. hydrogen more than aro assigned to it by Stenhouse. To decide this 
point they determined tho quantity of biomiao required for its formation, and tho 
quantity of hydrobromic acid evolved thereby. Tho result show^ed, however, that 
tho reaction takes place exactly as stated by Stenhouse, that is to say, according to 
the equation : 

C«H*(OH)* -i- 6 Bp» - 6HBp + (^HBr^O*, 
and not as represented by the equation : 

C®H<(OH)» + 4Br* - SHBr + C«H»Br*0».Br9. 

Liebermann a. Dittler also And that imntabromoresorcin heated to 150^*160^ gives 
off 2 at. bromine according to the equation : 

C®HBr*0* = C®HBr»0* + Bi*» 


leaving a substance which, after wasliiiig with etlior to remo ve “a little resinous matter, 
forms a crystalline powder having tho composition C®HBr*0*, This body may be re- 
garded as tribromoresorcin-quinono : 


C3»HBt*<r^ I 




>C®HBr», 


OP as C*HBr*< 

pentabpomcpesorcin may then be regapded as the additive compound: 
(Bp»)C«HBr»<^ ^^(3«HBr*(Bp»). 

It is, howevep, quite possible that tribromopesorcin-qninone may be derived from a 

^OBp 

pentabioniopesorcin having the constitution . 

ClilororiMoreinA. PtniaeKlorort^orein^ C*HCL*0*, is best prepared by adding 

altematel: ‘ “ ‘ ‘ ‘ 

in 8 pti. 


' in small portions 5 pts. potassium cMorate and a sdution oif 2 pts. 

^ Lydpoehloxm acid to 40 pts. of hycbochloric add, keepiAg po^smvm 
chlontofaLvniji in excess, and oooliua the mixture to ppevent too-, a 

product which sepapates on leaving the liquid at app^ 
to codIIh mainly a Iwdmte of chlororesoTCin ; Jbr on heatiim it ^ 

quantity of edrhbn sulphide, and flltering the solution quicUy^ . 
jKotis separate ou^ which are but spd^g^y soluble m casl^ Wl 
distflUng the sulphide solution, water pesaee ovur, and^the' 
iioer deposits l^ntadiloroiresoroin in shining 

tcimas. By onh ortM it may M obteSn^ 

u inbdsnt»l^.Si(dn^ and separates thjmefi^ 

hydxa^i iK w ^ meMi l A irhiu^ no 
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harium saU^ C®H(N0*)*0*Ba + 3H*0, forms small; light yellow, rhomhic laminia 
more soluble in water than the corrosponding oicin compound ; gives off its water 
when heated a little above 100^, and explodes with great violence at a higher tompcra- 
ture. The crystallises from hot aqueous solution, in dark^^ yellow necdloii - 

it is slightly soluble in water, easily soluble in acetic acid, and is precipitate froin 
this solution by alcohol. The aUver aalt, OH(N0*)*0*Ag®, crystallises from hot water 
in long, slender, yellowish-brown needles (Stenhouso, Proo, Boy, Soc, six. 410). * 

MBORCW-CMBOmiir, » 2C«H«0* + CO - 2H>0 (see p. 1041). 

BB80BCXir-lllll0PSAirS« C^n^N^O*. This name is ^von by J. Schrodor 
{Ann, CK Pharm, clxiii. 297) to an acid compound, the potiissium-salt of which is 
obtained by the action of potassium cyanide on the potassium salt of trinitrorcsoi'cin 
(potassium styphuate). To proparo this salt, a solution of 20 grams potassium 
cyanido in 100 c.c. water at 40‘^-50^ is gradually adclod to a solution of 100 grams of 
potassium styphnate in a litre of water, heated to TO’^-SO^ ; the heat is continuod far 
10-15 minutes longer; the liquid quickly flltered through Ihion; and the separated 
salt is washed with cold water till the wash-water begins to show a green colour 
and then pressed. The flltrato contains a largo quantity of potassium nitrite.- On 
adding dilute sulphuric acid to the warm concentrated dark green solution, cruiie 
rcsopciii-indopliane separates on cooling in slender needles. For further purificatifin, 
the pressed crystalline mass is redissolvod in boiling water, and the hltercd solution 
is mixed with strong hydrochloric acid, whereby the reaorciu-indophane, which cannot 
be recrystallised from water, is reprocipitated. 

Kosorcin-indophane thus prepared forma small, anhydrous needles, which exhibit 
very distinct forms under the microscope, and have a lustre of bronze, changed to thnt 
of copper by friction. It dissolves easily, oven in cold water, with pure bluc-violct 
colour, is insoluble in alcohol and other, and is dissolved in not inconsidcrablo 
quantity by hot concentrsitcd acetic acid. It likewise dissolves, witliout decomposition, 
in cold concentrated sulphuric acid, and is precipitated from the solution by water. 
'When heated in the air, it burns awray with slip;ht detonation. Nitric acid conrerls 
3t into a yellow syrup in which crystals of oxalic acid form on standing. The blue 
solution of cesoTcin-indophane is decolorised by cMorine-waier^ and the resulting wine- 
yellow liquid yields to ether a product w*hich, as the ether uvaporatos, remains ns a 
resin having the pungent odour of chloropicrin. 

Besorcin-indophane appears to bo completely decomposed by melting 'jpoimh. On 
heating it witli aodium-ameUgamj the insoluble sodium suit is immediately produced, 
on which the evolved hydrogen exerts no action. In like manner, on treating it with 
tin and h^rocldoric acid, the only product is a tin compound, very difficult to purify, 
and appifrontly consisting for the most part of the unaltered substance. Besorcin- 
indopoane is not attacked by acetyl chloride. 'WJion heated with soda-lime it gives 
off only three-fourths of its nitrogen as ammonia, showing that one atonl of nitregen 
must ^ contained in it as NO*. 

Potassium Besorcin-ind<^hanc, C*I1*K*N*0* + H*0, ciystalllBes in microscopic 
needles. After prossingr and drying it forms a blnck-brown mass, acquiring metellic 
lustre by friction. It dissolves with difficulty in cold water, but completely in boiling 
water, the solution having a pure green colour like tlv^t of alkaline manganatos. It 
^ cannot be recrystallised from water, for the hot concentrated solution solidifies to a 
jelly on cooling. On adding potash to tho solution, Uio salt separatee in its ori^iual 
form. . It is quite insoluble in alcohol. On mixing a solution of pure TOSorciD-iado- 
phane with a solution of pure potassium carinate, a dark flocculent amorphous pn- 
cipitate is formed, which, after washing with water containing a trace of alkaii, dries 
up to a hard dark-coloured mass, having a green metallic lustre, l^e wn^ of 
crystallisation is not given off till the salt is raised to a tempwaturo at which it 
dmmpotes with explosion. The sodium salt, C*H*Na*N^O* + H*0, is analogous in 
properties to the potassium salt. The barium salt, C*H*BaK^O* + H*0, se^^s an 
a diuk-oolphxed precipitate on mixing the solution of the sodium salt ^in bitrium 
chloride^ 

2C*H*0* -f 

with (p. 624). ‘ ^ 

<» 20*h*6* 4- c^h«q* - )UBCK> (p; 

BBS^nULno^r* As fhr as the chemistry of respimtioh is ooncevned* 
important jpmnts Mmain to be setUed are those y^lang the'i^^ 
ternal jMiration,’ end ino^ attention has lately been 
himeriikM to 
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lutely settled how much of tho oxidation of the body goes on in the blood itself, and 
how much in the tissues outside tlie blood-vessels. 

Estor and St. Fierro found that blood obtained from arteries distant from the heart 
contained muchless loose oxygen than blood drawn from arteries nearer to it, and 
they concluded that the difference was due to great oxidation going un in tho arterial 
blood itself. Both Hiischmann and Pfliiger {ArcKf. d. Gesam. Pkya. 1868) maintain, 
however, that the difference in loose oxygen which the above observers found does not 
exist : the latter observer could find no constant difference iu Uio quantity of loose 
oxygen in the blood of the femoral and carotid arteries of the dog; and Hoppe-Soyler, 
vlio finds some difference, makes it much less than Estor and St. Pierre supposed, and 
believes it due to the action of the arterial walls, and not to reducing matters in tlio 
blood itself. On the otlicr hand, Pfliiger {Centratb. f. d. Mtd. Wissm. 1867, No. 46) 
has shown that blood, after removal from the body, very rapidly fixes some of its loose 
oxygen, and tins at first sight would seem to point to a normal rapid oxidation going 
on in tho circulating blood. Using improved methods which enabled him to extract 
the gases from fresh-drawn blood vei 7 rapidly, he found that all the previous estima- 
tions of them were erroneous, the oxygen being given too low, and the carbonic anhy- 
dride too high ; the average quantity of oxygen which he finds in tho arterial blood of 
the dog is 16 0 vola. in 100 vols. of blood, the gas being calculated at 0° C. and 1 M. 
mercury pressure ( « 22-23 vols. at 760 mm). * A, Schmidt gets almost exactly the 
same average quantity. The extremely small diffuronce, if any, as regards its gases, 
which, us mentioned above, Pfliiger has found to exist between blood taken from 
arteries near the heart, and that from those more distant from it, appears to show that 
this oxidiition, which goes on so rapidly in blood removed from the body, docs not go 
on at anything like the same rato in the circulating blood ; tho process is probably 
almost entirely post moriemy and due to that partial decomposition of tho hasmoglobm 
which is known to occur in blood exposed to a vacuum, with formation of products 
wlticli rapidly combine with oxygen. Stole blood (iu which the hBemoglobin is par- 
tially decomposed), after saturation with oxygen, very rapidly becomes again venous, 
while fresh blood, left to itself, does so comparatively slowly ; this goes to^show that 
tho hemoglobin products are powerful reducing agenta, and Pftuger and Zuntz have 
also proved that the addition of acids (as phosphoric and tartaric), which 1 reyor found 
to diminish tho quantity of loose oxygen in blood, docs so only when they a™ added 
iusuch quantity as to decompose tho haemoglobin, and that, after it lias been all broken 
lip, tho further addition of acid is without effect. Maintaining the view that oxidation 
K 0«8 on mainly in tho tinsues around and not in tho blo^ lUelf, Muger ont 

Sl«. Ureh.f. i. 6es. Phye. 1872, tI.) tliat, from what wo know of the 
diffusion, oxygon must pass, as such, from the blo<^ into tho 
osrbonic anhydride in the opposite direction, and he shows 
blood, if it be examined quite fresh, contains an extremely 
matters. In reference to this question Proyer has poin^ out that f 
that uncombined bxYgett passes in tho placenta fitom the 
vascular walU into the fcotal Wood, and if such a passage of uncmbinSd 
in this tissuo, there can bo no doubt tliat it takes place in Wh*w nlre. 
facts together, it seems probable that most of tiio 

outside blood-vessels ; but as to the rato at which it i (Leems'tur la 

to tho stages of oxidition nttalied in each, w K'n ' 

Pkyt. de laBetp., I^s, 1870) found that equal weights of different tissure, . 

anini^W ffioXtk, tU "pdifferent quantities of oxy^ from b^^ 

in order, bo^ahing with those which bike up ' ._„jj.^jjly[brough 

kidney, JpleSn, tasBcle, and bone. A. ^midt found that bl^sert ro^^y^~®8® 

the Twseb of fresh kidneys, kept at the body temperature, lost very rapidly ne y 

in tho blood almost as b'ttlo is knovm. passing through 

blood, before it had passed through the lungs, with tha in the latter, which 

those orgaiiB: he fbSid 0*1803 p.c. in n considerable rro- 

nlso contained little or no fluid fats, fats of the blood oxifised 

portion of them ; from this he concludes that flmd ^ Bvdoffie, 

in their circulation through the lungs. of the injection of 

1868, Dec.) has investigate the e^t Ijo^und^t sodic tectate or 

combustible nofn-asottsed mutters into longs and the quantity of 

increased the quuntity ^ 

oiifbonic anhydride niv^ ou^ and J. J. Muller obtmnea without effect; 

^ed similarly bitt ihw. rapidljj but sometimes no^ 

gipe-supiar eom^mes iner^ the hlood* It does not 

which hft oSteldito tot it « m ' 
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indeed appear at all certain that any of these mattem were oxidised in the blood 
itself. 

AVith respect to the carbonic anhydride of the blood, considerable modifications will 
have to be introduced into the views which have hitliorto prevailed, both as to its 
origin and state of combination. Until recently it has been very generally assumod. 
that it was contained wholly in the plasma and, in it, existed in th^ conditions, viz. 
dissolved^ simply, feebly combined, in the form of a double salt, with phosphate 
(Fernet’s salt), and stably combined in the form of normal carbonates. Preyer(Cc}iM6. 
/. d. Med, fVissen. 18C6) found that alkaline fluids, such as solutions of sodic carbonate 
or phosphate, or blood serum, or the urine of herbivora, all become acid or noutml 
when treated with carbonic anhydride, before such a quantity of the gas w'as added to 
them £Lff to cause some of it to be simply in solution in the fluid ; from this he con- 
cludeS'that ilio alkaline circulating blood can contain no simply dissolved carbonic an- 
hydttdo, especially os it is known that fresh blood can combine with when exposed 
to it ; he believes that those phenomena presented in the vacuum by blood, which Iiiitq 
been taken to prove that it contains free GO*, are really due to tlie development of 
acids by the decomposition of the liscmoglobin, which acids turn out carbonic anhy- 
dride from some of its compounds. In connection with this point SchofTvr, Ziintz, and 
otiiers have shown that an acid does not develop in the blood when it is removed from 
the body, and that its development is dependent on the presence of the rod blood cor- 
puscles. Now, if no free carbonic anhydride exists in the circulating blood, this must 
modify the view that another portion of this gas is combined in it in the form of 
Fernet’s salt ; for, as Hermann has shown, this salt can only exist in the presence of 
a certain tension of CO*, which would not bo exerted if none of it wore present in ibn 
blood in an uncombined state ; either, Uien, some carbonic anhydride exists in tlieblotxl 
in simple solution, or the view that a good deal of it is hold in the form of Ferntt'H 
salt is incorrect, Hermann inclines to the former opinion, but there is a good dc-il of 
evidence tending to show that the latter is the correct one. Sertoli {Centralb. f. d. 
Med. Wieaen. 1868, and Med. Chem. Untera. v. Hoppe- Seyler, 8 Heft.) found that the 
quantity of sodic phosphate which exists in the blood of oxen is extremely siurall. 
Laying aside the quantity of phosphoric acid which is combined with calcium in tlm blood, 
he found that almost all the rest, which hud been previously considered as combined ia 
the form of sodic phosphate, really l>clongod to the lecithin of the serum, which liad 
been neglected by former observers ; estiiuating the sodic phosphate as high as pos- 
sible, he found that the quantity of carbonic anhydride which it could hold as Femet's 
salt was not more than 075 vol. in 100 vols. of blood. The observations of other ob- 
servers have at tlie same time shown that the red blood corpuscles are capable of 
combining with carbonic anhydride. Schmidt (1 Ahih. d. K, Sacha. Geaell. 1867i and 
Centralb.f. d. Med. Wiaaeit. 1867) found that a part of the carbonic anhydride of the 
blood was stably combined with some body in the oorpusclos, but that the quantity so 
combined was very variable, and greatly dependent on the amount of the gas obtain- 
able from thb plasma by the air-pump, and Zuntz, who has invntigated the matter 
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such o process certainly appears to occur in the mnscles (see Httsctilab Tissti®), and 
J. J. Muller d.K. Sacha. GeaeU. Wiaa. 1869) repeating, in a modihod form, 

Schomenotjewsk/s experiments with sodic lactate, referred to above, finds that its in- 
troduction into the blood increases tlie quantity of carbonic anhydride expired, 
quite out of proportion to the extra quantity of oxygen taken up at the same time ; ho 
concludes that the lactate is not simply oxidised in the blood, but is broken up 
there, carbonic anhydride being on9 of the productSi The origin of carbonic anhy- 
dride from such sources as those probably is tho reason of the great difference between 
(lay and^ night with rospect to tho oxygen taken up and tho carbonic anhydride given 
out during each, which Pettenkofer and Voit found to exist. During the day the 
greater amount of muscular work going on develops a large amount of carbonic anhy- 
dride in the^ body, and so raises disproportionately the amount of the gas giveh off, as 
compared with night, when much less muscular work occurs, and more oxygon is taken 
up by the lungs than is expired in tho carbonic anhydride. Liebermeister (Arch, f, 
Klin. Med. 1869. vii.) has also sliown that tho difference pointed out by Pettenkofor a. 
Voit is greatly dependent on the time of feeding. 

Bert tend. 1872) has made observutions upon the effect of different atmo- 

spheric proBsuros on respiration ; he found that birds breathing air under a pres- 
sure of 20 atmospheres died with convulsions and other symptoms, which bo considers 
arc duo to oxygon poisoning ; for if the pressure after those atmospheres was raised by 
nitrogon only, these symptoms did not appear. Bapid diminution of the piessuro from 
Boven atmospheres to one, killed animals either immediately or after a day or two, 
gases being set free from riio blood within the blood-vessels. Analysis of the gas so sot 
free showed that it contained 70-90 p.c. of nitrogon, tho rest being carbonic anhy- 
dride. H. N. M. 


SmTOmKX&lTBa A hydrated aluminium silicAto from Bcstormel in Cornwall, 
exhibiting the characters of a decomposition-product of felspar. It is grconisii-groy, 
amorphous, with a conchoidal fracture, and resembles agalmatolite in oxtemal appear- 
ance. When heated, it gives off water, and becomes grey and opaque. It does not 
gelatinise with sulphuric acid. Sp. » 2*58. Hardness s 2. Its composition, 
according to the moan of six analyses, is : 

SlO» A1»0» FeO MgO K*0 Na*0 H*0 

45-66 36*09 1*18 0-85 2*30 4*30 11*68 « 101*16. 


These numbers coirespoud pretty well with the formula of kaolinit^ 
AW.2SiO* + 2H*0 (46-8 p.c. SiO», 39-8 Al*0», 13'9 water), supposing the hjrdro- 
gen to bo partly replaced by sodium and potassium, and tho aluminium by iron, 
Restormelite appears, however, to be an immature rather than an altered kaolinite 
(Church, Chm. J. [2], viii. 165). 

UAMITMXJr. On the {qrntliOBiB of this substance, the glucoside of rhanmeiin, 
I'y boiling the load-compound of rhamnetin with diacotyl-saccharose, see Glucosidbs 
(p. 667). 

SBngrAMVBnrr This glucoside, which Ludwig obtained from the 

seeds of the common yellow rattlo Criata GaUi, Ui 

also prepared from those of Alcctrolophua hirautva (Rkinanthtia buccalia, Wallrotn). it 
crystallises in stellate groups of prisms ; has a slightly bitter and nauscoiwly sweet 
taste; dissolves easily in alcohol and in water. Its alcoholic solution mixed witn 


taste ; dissolves easily in alcohol and in water, its aiconouc boiuhod 
hydrochloric acid, and heat^, turns bluish-green, and decomposes. By dilute mineral 
acids it is resolved into a brown, nou-cmtallising sulwtance ealledrhamnogenin. 
and a kind of sugar (H. Ludwig, ArcL Pharm. [2j, cxlii. 199). , . , . A,mma- 

, The aMd ot p^le oowwhwt (Mdmpsnm arwn*) yield* to »lcAol a 
Rlncoaids, wUch In itt zenetion* Mhibits a close tewmblanco to rhiDanthiB (lading*. 

MfilIer,(W4Hdl*.6). 

BHOteara. ,a%» mcme by QUditone (Chm. Soe. J. [2]. x. 3) to the 
hydrocarbon fiO**H** item tesoirood qil, 


UoSAUXIIil, nat pe 995). 

woxypapaverjim (Hesse, einii. Ck Pharm» cliH. 47). 


This base may be regarded as 


t to Be Werner {Chaai^ NetdSt xxil 


salt havinir W eomWMition + 6H'0. To this statement Tu^ 

m ^ Werner 5. totoUy .fiffiaent ton 

^|n»ted tlw Ut*« coBtainiiig SOTS p* mtiogen nnd form 
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MCms OHi. See Castor Oil (p. 270). 

RXOiriTB. A bismuth fahl-ore occurring, together -with heavy spar and Quartz, 
at Cromenz in the Einfischthal (Val iTAnniviers) in the Oauton Wallis. Analysis A is 
by Brauns, published by Petersen {Jahrb, /. Mineralogie, 1.870, p. 464). The 
quantities of metal determined by this analysis require onl^ 26' 13 p.c. sulphur. 
Petersen himself found 26'67 sulphur, .which he regards as too high, the excess arising 
from admixed copper-pyrites. Petersen therefore refers the analysis to tlie fonrndn 
which he regards as the typical formula of fahl-ores. 

Petersen also gives an analysis (B), by B. Sonfter, of another bismuth fahl-orefrom 
N^ubxilach in the Wnrtemberg Schwarzwald. The mineral occurs in crude lumps, 
closely intorgrown with the qmirtz matrix, one specimen only being crystallised in the 
O 202 

combination — . . od 0. Sp. gr. « 4*908. 

2 2 


8 As Sb Bi Cu Ag Fb Zn Fo Co Ni 

2910 11-44 2-19 1307 37'52 004 — — 6*61 1*20 — = 101*07 

24-86 13-63 4*28 6*33 41*43 trace 1*62 3*82 3*74 trace trace - 99*60 


ItZTTXirOBftZTB (v. 112, 1062). This mineral, from the Jonchimsthal, h«ns 
been re-examined by A. Scliranf {Jahrb. f. Mh\eralogi€f 1872, 189). The small, 
many-faced monoclinic crysUls are frequently twinned with the plane of combination 
parallel to OP or oo Poo . Sp. gr. ss 6*63. It contains 67*7 p.c. silver, together with 
arsenic and a little selenium, but no sulphur. 

BOeXB. On the chemical character and composition of certain Cornish rocks, 
SCO Killas (p. 713). 

On the Permian rocks of the Lower Odonwald, see £. Cohen {Jahrb. f. Mineralogie, 
1872, 08) ; Otem. Soc. J. [2], x. 706). 

On the character of the crust produced upon terrestrial rocks by atmospheric agoncy, 
compared with the black coating of certain meteorites, see S. Meunier {Compt. raid, 
Ixxv. 890 ; Cheni. Soc. J. [2], xi. 141). 

XtOMCBZSr. From a recalculation of Bamout^s analysis of this mineral (v. 116) 
Kenngott {Jahreah. f. MincralogiCt 1870, 999) deduceu the formula : 


8(Ca0.Sb®0*) + 30a0.2Sb*0». 

XOOT-CBOPBa The principal root-crops cultivated by the farmer c-ire : — 

Turnips, Braaaica Rapa (Fr. naveU Uer. Tumiparube, Weiaarube); Swedes, 
campaatria ; Beet, Beta vulffaria, of which two main varieties, Mangel-wiuzol 
(Fp. betteravef Ger. Fuiterrunkelriibe), and Sugar-beet (Fr. betlerave-h^avcret Ger. 
Zuckerrube) are cultivated ; Carrots, Datama Carota (Ft. caroite, Ger, Mbhre) ; and 
Parsnips, Faatinetca aativa (Fr. panaia, Ger. Baatinakumrzd). These plants axe all 
biennials, the first season being devoted to storing up matter in the zoot,^ and the 
second season to the production, out of the matter so accumulated, of a^fiowering stalk, 
and seed. As the root is in every case the part which is of economic important, tbo 
attention of chemists has been concentrated upon the first period of the plant's life, 
and the second stage of growth has been little studied. 

The composition of a cultivated root will depend — 1. On. its species; 2. On 
size ; 8. On its maturity, dependent upon its ago and the climate it has been »p(^ 
to; 4. On the character of Uie soil and the manure employed. The difwwn^ 
of. composition between various kinds of roots are shown in the table on p. 
which, except in the case of sugar-beet, gives the mean of all availabla analysM. 
^e amoqnt of variation among these analyses whidi yield the aboye 
most caseSk very considerable; one cause is the distinctive chazadtexs of w 
varletieB of the same root; other drcumstancea which produce variatiems' ios 
tion will be conaiderod presently. 

The specific mvity of koU IS generally less than of their sap. ^ 
in water, Swedk Of good quality rink. The vp. gr. of Swede sen Is 

es to 1-08. The iq». gr. of I 


(Murray 




Sugar-beet sap rises sometimes 

i fulls with that of tlie sap in the case of email ro^'' bttt 

discrepancies occur from the presence of air spaces. ■ 

The dry matter in teh roots varies from 6 t 7 p.oi in lK»ae 
in high;^quality sugar-beet. ;33oots 
the field; detetmfnatioiui of water ore ' 
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Average percentage Composition of Roots, 


- 

K umber 
of 

Analyses* 

Water 

41bitTnl- 

nolds 

Fat 

Extractive 

matter 

Sugar 

Mulose 

Ash 

Turnips 

Swedes 

Mangels ■ • 

Sugar-beet . 

Carrots 

Parsnips 

23 

31 

61 

78 

24 

2 

91-79 

89-32 

88-58 

83-62 

86-81 

85-17 

1*17 

1*47 

1-22 

1-47 

•07 

1-44 

•20 

•20 

•10 

•10 

•25 

•37 

1- 85 

2- 06 

1- 45 

2- 43 
2-79 
8*05 

3-22 

6-25 

6- 23 
1010 

7- 33 
2-91 

1-08 
1-10 ' 
1-32 
1-42 
1-81 
1-25? 

•69 

•60 

110 

•86 

1-04 

•81 

1 Average percentage Comj^sition of Imvcs. 


Turnips 

Swedes 

Mangels 

Sugar-beet . 
Carrots 

Parsnips 

27 

26 

16 

12 

2 

1 

86-60 

85-00 

90-93 

88-80 

79*.35 

8315 

2- 71 

3- 78 

2- zi 

3- 51 
1-81 

V 

•50 

1-14 

■40 

8- 93 

9- 47 

3- 76 

4- 16 

9-33 

0-88 

1-16 

1*90 

3-22 

2-17 

1-76 

1-75 

1- 91 

2- 82 
3*45 
2*50 


The nitroaon in toots is by no means all in tbe form of albuminoids, though 
calculated as such in analyses; the flgnros given for albuminoids are thorefoM in 
OVOTT case too high, E. Schulse {Lauda. Vermaltt-Staitonm,^ Uo\ *'’■170) found 
iumanKels 0-37-3‘13 of nitric acid in 100 of dry substance ; the mean of 21 spocimOTS 
■was 1-44 p.c. In the ractromo case 81 p.c. of the mt^n in ‘*>0 root existed as mtotes. 
Six kinds of turnips gave a mean of 0-278. and thrM spemmons of c^ts » 18® 
of nitric acid in tliSr div anbatanco. Fruhling found, in tho dry matter of the Imvra 
of Bueap-boot, 0'28-l'60 p.c. of nitric add. .Schulze has dotermin^ the ammonia in 
theTTrf ! It '^““1 &»”> 0-0084-0;0228 p.c. of the ft^h 

«^^om^n of eight oiamples was 0 01S8 p.c. ; in the sap of four carrots 
™’ 0^216 DC isnmonia is found in tho condensed water from ovaporaUng the 

Tho nature of tho albuminoids in r~ta has “-f «dd to 
appear to contain both legumin and ^ j* Voel^or found that tho inter- 

bo tho part of tho root richest in albuminoids, ft™ much tho moat nitrogenousi 

mediatSayersepoiutingthehoartfromthe extorior^s by ^h th^^.n 

Tho fatty matter of roots has not boon J ^ mentioned in tho 

Uie fat in beet-root is chiefly concent^d »" *e n i^d. 1 he tat m 

analyses as present in the loaw ^ cultii-atod roots, and upon it 

Sugar is one of tho ^ a^^rdieot, by careful selection 

their feeding value greatly depends. In ^i,„-^niiai«edtol3-14p e. 

of socsdnnd appropriate cnltiyationj the proportion ^ higher quantities are ob- 

for small roote, wd binder exceptional mremms^ Su^ 

tamed; nocordwg to Vilmonn 21 p.c. tissue 'wiiich lies in contact with 

18 not uniformly distributed ih «ot is always poor in sugar; the pro- 

the cambium is the richest Ilie top of ^ Sebor, however, found 

iwrtion, according to Violletto. is almost entirely sac- 

the extremity pooreif than the c»tre. wvuloBe being present ; this quan- 

dinpoBo, only a yery small quaxiUty osneoially* according to Pasteur, i: 

hty ]n(nreas<u(, howeyor, when the roots ore stored, p y ^ ^ 

^ JL?!®®* nmatii 

JSJw^natlonsotfc 
nS'? have been inn 

^■78* «* dry Witter is ( 


jr, wnou •v’-"— — — - - 11 . 

ifii <mslVsesWwW<*^ '»^**®*f* >yhe^lsSSd*^Smm 
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the heap of roots is ill-ventilated, and carbonic acid is allowed tQ aocamulate. The 
sugar in the leaf and leaf-stalk q! sugar-beet is, according to M^hay {Jahresb. Agn, 
Chem. 1868-0, 278), almost entirclv uncrystallisable. In carrots a large proportion 
of the sum is, according to Dietrich, In the form of glucoso (fructose, Brotsclineider) ; 
manhite has also been found in this i^t. 

Starch has not been recognised in turnips or Swedes ; in unripe augar-beot a small 
quantity has occasionally bocn found by Sullivan, which diaappeam as the root 
matured. In wild carrots sbirch is abundant ; in cultivated carrots the quantity is 
much diminished, and may apparently disappear altogether, being probably rcphiccd 
by sugar. Karsten found 6*8 p.c. of starch in carrots ; Voelcker found none. Parsnips 
also contain starch ; Voelcker found 3*5 p.c. in the fresh root. In both carrots and 
parsnips tho starch is deposited next the rind; the internal parts of the parsnip, 
according to Voelcker, contain no starch. 

Tho insoluble fibrous matter of roots, which forms the substance of tho mark when 
roots are pressed, consists of cellulose, a small quantity of lignose (suberin), 
which constitutes the cuticle of the root, and a more or less considerable amount of 
pectoso. Scheibler {l)eut. Chem, Gee, Ber, vi. 612) has also shown that in thcsngnr- 
beotof some seasons n considerable amount of insoluble arabin (metarabin) is present. 
Thearabin apprars to consist of two l)odies — tho principal, a powerfully Irevorotatory 
substance, yielding arabinoso, a right-handed crystalline sugar, when acted on by 
dilute sulphuric acid ; tho other, a closely allied body, opparently dextrorotatory, 
which, on treatment with sulphuric acid, yields a noii-crystallino sugar. Tlicso bodies 
have not yet been separated. Only a few determinations of cellulose have boon made 
in roots, tbo crude fibre being generally weighed without previous separation of the 
pectoso ; both poctoso and metarabin may be removed by boiling tho crude fibre wth 
an alkali. 

H. Schultse a. E. Schulee {Landw. Versuche^Btationen, ix. 439) have made ultimate 
analyses of the mark of roots from whidi all matter solublo in cold water had been 
removed ; in tho case of carrots the mark was previously treated with malt-cxtract 
to remove the starch. 



Composition of Hark 

Hark aftor dedUctih^ 
BlbumlnoldB and asb 


C 

n 

O 

N 

Anh 

0 

H 

0 

Mangel, unripe 
Mangel, after? 

wintering ( 
Carrot, after? 
wintering ( 

44*80 

44*92 

43*34 

6*11 

5*92 

5*78 

45*07 

46*21 

46*53 

1*21 

•73 

1*19 

1 

2*81 

2*22 

3*16 

1 

id-60 

46’60 

44‘07 

6*22 

6*01 

5*80 

48*28 

48'40 

50*04 


The numbers for the pure carbo-hydrate differ little from the composition of cellulose ; 
the differences in the first two analyses are in the direction of lignose, and in the last 
in the direction of pectin. It is evident in the cose, of mangels that tho insoluble 
albuminoids and ash found in the mark diminish as the root matures. ^ 

The mark obtained from beet-root in the sugar^factories on the continent is largei^y 
consumed as a cattle-food; tho average comTOsition of the reeidues obtained 
old process of pressure, and by tho newer una more effective plan of diffhsion, is ahou 
as follows : - 


, 

Water 

Albumi- 

noids 

lUt 

Bngar 

Bztraottve 

matter 

GeQOlbee 

Asb 

Press residue 

— 

1*84 


800 

16-83 

5?18 


Zhfllisioii ro-l 
sidue . 1 

H 

0*67 

0*07 

0*80 

i-n 

1*7« 

. 0-8* 


The difibaion vBsidiw contains in the dry more albumincffd than 4o i. 
the large amount is owing to the earth adhering to lihe . > v . 

. &e orgMio in roots, oxalic acid is tho: i*rt^im 

- ‘ ^bsdi, al^dre^udles .a Wg^^^ 
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of citeio add ; this oxalic add i», of conrw, in ■ aolnUe form. Tha total oxalk add 
in the root of ao^beet was found hy Mihay to he -22 nc • tlio leaf «t»iw 
feme root. contaTned -48 p.c., and the iLes i So p.c. I add 

ID mangel leaves at 2 p.c., with citric and malic acid -16 p.c. Mittonzwev has shown 
(Ww. 242)thatthedifferentcii%jleBof man 

di^rent amounts of oxalic Mid ; the innermost youngest leaves gave 1*85 p.c. of oxalic 
acid in their dry matter; the outermost oldest leaves 10*98 p.c.; the percentage rose 
regularly from the innermost to the outermost leaves. About two- thirds of tho acid 
existed pretty uniformly in an insoluble state. Cattle are occasionally poisoned by 
eating the leaves of mangel. Oxalic and tarbiric acids have been mentiouwl ns pre- 
sent in tiimii) leaves ; carrots are said to contain malic acid. ^ 

The colouring matters of roots do not appear to liavo been investigated, save in tho 
case of carrots (see Cauotin, i. 805). 

Ultimate analyses of the whole substance of turnips and mangels have been mtideby 
Boussingault, and by Kichardson (*7oMr. JRo^, Agr%» &oe, xiii. 458), and ultiniato 
analyses of mangels and ^rrote by H. Schulteo {Landw. rcrmchs-Stationen, ix. 439). 

Tho^ avorago composition of the ash, both of roots and leaves, is shown in the 
following table ; the figures are the mean of nearly all the available analyses. Tho 
percentage composition has beeji calculated after deduction of carbonic acid, but tha 
amount of carbonic acid in the original ash is also given os far as it could bo ascer* 
tained ; in tho Gorman analyses it is usually omitted. 


Average Chmposition of the Ash of Roots^ Carhonio Add deducted. 



Number of 
an&ljaes 

K^O 

Na “0 

CaO 

MgO 

Fe*0» 

P “ 0 * 

SO* 

a 

SiO* 

CO* in 
original 











nah 

Turnips . 

38 

49*8 

7-8 

117 

2*6 

•9 


11*8 

6*0 

1*2 

14*0 

Swedes 

7 

389 

ri53 

12*8 

4*2 

.8 


137 

4*2 

1*9 

12-0 

Mangels . • 

12 

46*6 

18-4 

5-9 

4*8 

•8 

8*3 

3*7 

9*9 

4*0 

190 

Sugar-beet 

40 

48*0 

IMfl 


9*5 

1*0 

14*4 

47 

2*3 

3*8 

13*7 

Carrots 

10 

37*0 

rriw 

10*9 

6*2 

10 

11*2 

6*9 

4*9 

2*0 

17-9 

Parsnips . 

4 

46-7 

27 

157 

6*0 

1*3 

16-8 

5*6 


2*4 

14-5 

Leaf Ash, Carhonio Acid deducted. 

Turnips . 

37 

276 

5*1 

33-2 

2.6 

2*0 

7*3 

131 

7-7 

8*6 

127 

Swedes 

8 

IPWI 

12*8 

30*2 

3*2 

20 

6*4 

Uilbl 


4*8 

8*4 

Mangels . 

4 

25*5 

23*3 

mn 

97 

1*2 

5*4 

7*2 

17-8 

3*, 3 

14*5 

Sugar-beet 

7 

21*9 

16*6 

19-6 

18*1 

1*8 

7*3 

7*9 

67 

3*1 

— 

Carrots 

7 

17-6 

18*2 

32*1 

3*9 

3*0 

3*8 

8*2 

Mi 

6*2 

191 


Tho range of variation in these analyses is, in every case, very groat. The most 
constant ingredients in tho ash of roots are those most essential to plant-bfo, potash 
and phosphoric acid : the most variable constituents are soda and chlorine, varia- 
tions in ash-eonstituents of the leaves are even greater toan in the case of «»ts. 

The aahee of aU tiie wota aw, on the whole, of rimilar c^tar. The "sbes of tao 
Brnasicn ate pattieidaily rich in sulphates, both in and leaf. The 
and of augar-beet dafer ftwn each other conaideiably in some points, though tae 
ptants ate Sie aame aperies. In cultiratiDg sugnt-beot the urn is to obtain ^ into 
a small amount of ssLm saline nutter prevents the crotallieation of toe ™S»r> 
to this end small toots, scantily manured, are produced; ma^lis, m 

U. talk.' Ji.. ,,«u .? - «» ■rf'TSia 
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ing^ the formented molasses. According to Lefebro, the amount of rubidium chloride 
in an average crop of sugar-beet is 224 grams per hectare ; Pfeiffer estimates the 
quantity at 255 grams. A trace of caesium, and small quantities of iodine and 
bromine, but no lithium, urere found by Pfeiffer in the same ash. Hanganese has 
also been recognised in the ash of sugar-beet. ■ 

The ash of the loaves is seen to have a very different composition from that of the 
roots, the potash ana phosphoric acid being much smaller, and the lime and chlorine 
far greater. In connection with the large amount of chlorides in the leaves, Pelig^jt 
and Viollette have observed that the chlorides in tlierootof sugar-beet are most abund- 
ant at the nock, and decrease from this point downwards. 

. The amount of carbonic acid in nil tliose ashes should correspond with tho combined 
nmaunts of organic »ilts and nitrates present ; the various temperatures, however, at 
which the ashes have been burnt, prevent any stress being laid on the figures given in 
tlie table. 

Having described the general composition of the various plants grown os root-crops, 
we turn to the circumstances which modify this composition. Luxuriantly growing 
plants always contain moro w'atcr, and, as a rule, more nitrogen and ash, than 
vigorous plants of tho same age ; this is true of roots, and consequently largo roots 
and small ones, taken at tho satno time from tho sanio field, exhibit considerable dif- 
ferencGS in composition. The following comparative analyses by different chemists 
will illustrate this point. 



Water 

Nitrogenous 

matter 

Sugar 

Extractive 

matter 

Ciudo 

fibre 

Ash 

Mangel, 9 lbs. 

0l'8o 

1-34 

2-86 

2*54 

1-41 

„ 7i lbs. 

89‘48 

1-24 

8*95 

4*51 

0-82 

Hungel, 4 lb& 

89-77 

0-73 

7*68 

0-89 

BiW 

„ 1-2 lbs. 

8600 

0-61 

10-51 

1*07 

Bgl 

Sugar-beet, 6^ lbs. 

88 01 


5*60 

1-93 

2*38 

dibs. . 

> 84-35 

1-17 

8*10 

5*28 

110 


It is evident from these facts that small roots will alwavs cx>ntain a larger proportion 
of nutritive matter than largo roots of the same ago. The feeding pow'er of a crop is 
thus not necessarily in proportion to its weight ; the more bulky the crop the smaller 
is Uio proportion of solid matter it contains. Tho differences of composition duo to 
the sise of tho root are moro strikingly seen in tlio case of beet than with other root 
crops. Small mangels approach sugar-beet in composition ; over-grown sugar-beets 
are quite similar to mangels. To obtain sugar-beet of the highest quality it is well 
known that the roots must not exceed 2 lbs. in weight. 

One reason of the difference between largo roots and small ones of the same age is 
that tho more bulky root is loss mature ^an the small one; this brings ns to tho next 
point, the effect of age on the composition of root-crops. The composition of tho 
turnip plant in different stages of growth has been investigated by Anderson (7Va«* 
Hwidand 8oc, 1860, 807, 860), and by Wunder (Jahresb. Agri, Chem. 1861-2* 1*, 
107), Mangel-wurzel has been investigated by Wolff (ibid, 1860-1, 139), and its 
leaves by A. Muller and Mittenswogp (Xandie. VeraUchfStatuminf i. 241). Sugar- 
beet has been studied during its first st^e of growth by Bretschneidet (Jekreab, Jc^ 
Cbem. 1860-1, 129; 1861-2, 88, 251), Hoffmann (ibid. 1862-8, 110), EyUfts (iwd 
128), Nobbe a. Siegert (ibid, 69), Scheibler (ibid. 1870-2, iii. 286), Lotmann 


and'Church (Thtns. High. Agri. 8oc. [y, iv. 85). The changes in its imp. 


observed by Hofihnann (Juhreab, Agri, Chafn, 1860—1, 1-82 ; 1861-*2,.68^ Mehay 
(ibid. 1870-2, iii. 285). The second period of growth, in which seed « 
been stuped by Hoffimann (dnd, 1861-2, 87), and by Coreawinider (iW. 1867, *»/■ 
Carrots have been investigated by Bretschneider (t5u2. 1861-2, 101).' > 

In the life of all root-crops the leaf is the part whudi is at tot nitot 


tiott of root to W itoa^y iwr9^ 


developed, but aa growth poroceeds the p: ^ 

When aabito growth comes to an end tho older loaves witto and 
d^U 'pait^ toelr constitushts being transferred to the root» . 

turnips vrill servo to illuetoato the general rolation of leaf 
rime oul^y infoikarion oiii the turiup Tho Mpi 
per acw i & Iran torily laanurod. 
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Ompoaitim of a Twmi^p Crop at variottB periods in UiS. per acre. 



Potash 

Soda 

Limo _ . 
]Vj[agncNia 
Ferric oxido 
Phosphoric acii 
Sulphuric acid 
Ohlorino . 
Silica 


S2iJbcmber 1 

October ft 

Leaf 

Boot 

Leal 

Boot 



0-14 005 41-2 80 872 431 326 

0 09 0-02 21-2 3-5 SO o 11-4 19'9 87*3 I 

0-30 0-03 34*9 2 1 48*8 12G 142. 88'9 


On July 7 tho dry matter of the root was to that of the loaf ns 8 : 100 ; on October 5 

Uio proportion was 270 : 100. . . , ... • ^ 

Tho results of Wuncler and of Anderson in thoir three senes of oxporinionta with 
turnips are somewhat discordant ; wo will therefore mention only some general facts. 

As a rule tho composition of a root>crop undergoes tho following changes. In tho 
Boodliiiff tho proportion of dry matter is at its maximum ; the water, in both root and 
leaf, afterwartls increases up to tho period of most active growth, but as the plant matures 
tho water again diminishes. In tho cas,o of turnips the mcrwise of dry matter in tho 
root durina tho latter part of it« growth is but little marked, and is appirontly con- 
fined to tho latest stogo. The nitrogen in the dry matter is also at its manmum in 
tho seedling (Anderson and Wundarboth found 5-<t p.c. of nitrogen in seedling turnips), 
and falls afterwards both in root and leaf. WiUi turnip-roots the nitrogra apijonis to 
riseufter thefirst fall until the laststogo is reached, when the lOTOunt a^ind^^^ 

Tlio amount of ush in the dry nuittcr of tho root tends todiminisli ns 
With turnip-root tho ash. after faUing, rose m all cases dnnng th^Tin 

The proportion of ash in tho diy matter of the leaves is f “ 

the liot : in the case of turnip-lcivf tho )teh appeors to dimmish as • 

probahly, however, rising again when withering commences. The maximum co^nt 
F“uitr^ ^uorahy ocolrsveiyearly iu a ptafs lif<S;the ma^mumcontenU lu water 
and ash generally coincide with the period of mMt actne gro . ^^ ... ^ 

The r^tive proporUon of tU ash-constituonto. Ld i^ 

ash per cent., varies during tho growth of the turnip 
there^s in iho.first case a rise in iiotash, which, in ‘I*? 

siderable, and a corresponding fall in lime andmagutoia. - ^ chliwides 

dry matter 4a at its minimum ( 11-61 p.a) on tho first, 

17-72 p.c. on October 10. '1^ ^*7 at the end of tho experiment, 

and, with but dno irregnlarity, rcachrf ^ 15 root regularly diminished. 

The nmounto of nitn^ and ash ^ the ^ nmtter of the and rtoe to 

The dry matter in thdroot was to that in the ^ th^ carroteroot 

?7 : 100 at the doee of the eatp«"““^ uwaSy take pl«<» «**■ 

» Tarioue stage# e*e very typcel of the (Ganges wtach usuauy v 


la TanouB stagot ara vary type 
hiis ziejiults 














In tho case of sugar-beet, the alteration in the composition of the root duriog 
^wth ia far moro striking than in tho preceding instances; tho following aro 
Bretschnoider’a results. His experiment, as in the case of carrots, did not commence 
at the joungost stage. The proportion of the dry matter in tho root to that in the 
leaf was at the commencement^ on July 20, 61 ; 1 00 ; it bad risen by October 16 to 
417 : 100. 



We see tliafc after August 0 the beet-root increased rapidly in diy nfkftet, and that 
this increase was prMtically an Increase of sugar, the cmposiUonbf tin ^ robstonce 
showing a regular fall in nitrogen, asb, fibre, and extradite mattett^bda eOrfespond- 
ing rise in eano-stigar. The sho, forming as it does the niass of we ro^ undwgosa a 
similar change. Sugar-beet, when harvested, contains about i p.eK i^inibiAuble mark; 
the rest is aap. The proportion of aeh and nitron in . the sap falb eonriderahly 
the earliest stages of growth, and then remains toiWabljr constant! 
continues to increase; the relation, therefore, of the wwle linpailriw;(i!^^ “ 
the sugar steadily diminidies. Thus in Schdbleifs enDddmentathaiw ebbW^.^ 
Jidy Ir AHl of soluble impitrUylbr 100 of sugar; bit ob 
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hrtd become 13-89 : JOO, ond the percentage of augav in the dry matter of the sap 
{J/^aokerquotimi) had ingjejsed ftjom 64-1 to 88*6, This ie, of course, the view of the 
question spcciallr regpded by the sugar manufacturer, 

In Brotschneiuer’s investigatign the alteration in the composition of the leaf was 
ns follows : 



Sugar-beet leaf, f rcih 

Sugar-beet loaf, dry 

, 

July 

JO 

Aug. 

9 

Aug. 

ai 

Sept. 

15 

Sept. 

80 

Oct, 

IS 

July 

20 

Aug. 

0 

Aug. 

81 

Sept. 

15 

Sept, 

80 

Oct. 

Wjiter . 
AlbuminoVds 
Extractive / 
matter ) 
Fibre . 

Ash . 

88-78 

3*15 

4*42 

1*46 

2*19 

90*60 

2'81 

354 

1*51 

1*64 

90-28 

2-03 

4*48 

1*40 

1*72 

87-33 

2*58 

5*88 

1*95 

2-26 

I 

79-31 

3-05 

8*92 

3-98 

3*81 

28-04 

39*46 

1300 

|l9‘50 

29-56 

37*32 

I15-86 

|17*26 

20*89 

46*10 

15*32 

17*69 

20*38 

46*39 

16*39 

17*84 

19*88 

48*56 

15*73 

15-83 

1- 

19-12 

43-09 

19-24 

18*66 


August 0 is, hs in the case of the root, tho date from which the increase in dry roatver 
commences. The proportion of nitrogen in the dry matter is seen to diminish rapidly 
ut first, and afterwards to be but slightly altered. The ash after falling rises ogitin 
lit tho last. A rise in the incombustible matter of leaves always takes place when 
withering has commenced. A Miillcr found 30 p.c. of ash in the dry matter of yellow 
mangel-leaves collected in August, while green leaves collected on the same day gave 
17 p.c. Tho withered leaves contained also less water. The extractive matter in tho 
analyses includes sugar ; it tliorefore rises, instead of falling, as in the root. 

The changes which take place in the loaves of a root-crop are much complicated by 
tho fact that new and old leaves are very dissimilar in composition. Brotschneider 
examined separately tho different circles of loaves formed by sugar-beet. The 
youngest, innermost leaves contained 10*88 p.c. of dry matter, and tliis dr^ matter 
contained 8*86 p.c. of ash. The amount both of water and ash steadily increased 
from the centre outwards, till tho 8th, outermost circle of leai^es, which contained 
8-91 p.c. of dry matter, and 15*98 p.c. of ash in the dry. Mittonzwey found a yet 
wider variation among mangel leaves, the innonnost giving 12'01 p.c. of dry substance, 
and 14'3 p.c. of ash in dw, and tha 7tli outermost cimle 8-64 p.c. of dry matter, and 
31-16 p.c. nf^ in diy. His interesting results as to the increase of oxalic acid from 
the youngest leaves to the oldest have been already mentioned. 

Brotschneider made complete analyses of the ash of the root and leaf of 
beet at each of tho periods mentioned above, and also on another occasion analirsw toe 
ato of tho difihmnt elites of sugar-beet leaves. The following selection will give 
some idea of his nuralts: 



K-O 

Na-O 

CaO 

HgO 

Fo*0» 

P*0" 

SO- ' 

Cl 

810* 

Boot, July 20 . . 

I, Oct. 16 • ■ 

Leaf, July 20 . 

Oet. 16 . 

48*00 
44*08 
17*76 
22*62 1 

14*25 

5*78 

18*19 

12*86 


7*89 

10*48 

25-93 

16*46 

•73 

1*16 

1*65 

1*21 

15*99 

17*85 

10*38 

9*17 

4*22 

8-89 

4-89 

8*34 

2*76 

2*97 

9*73 

7*20 

3*34 

3-OG 

1*65 

5-58 

Leaf, innermost 
•1 outermost 

60*27 

18*74 

14*57 

18*26 

4*76 

24*20 

6*71 

24*48 

0*51 

1*42 

12*69 

8*30 

5*86 

5*37 

3*97 

3*50 

1*56 

1*52 


The alterataons brought about bv ago are on 
jn the case of Carrots (see above) ; the large “ ^^r ^n ents of the 

m all cases a marked feature. Bretschnoider remarks eartlis ; the 

foot is greater the smaller is the proportoon of ^ adTOncing maturity, 

d^unmution of this proportion, is, m fwt, an investigations op turnips. 

The same rise in also obsarved in i^e of the investig^^^^ tciether on 

The difference between toe ash ‘b® toi gathered 

tne same plants is isen to be A* greater than that between w 
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layen of the root. The plant groira by produdng fiKb freih leaves, which 
ronn a new innermost circle, and from these leaves a new exterior lajyer of the root 
takes its rise. The function, of new leaves is thus to increase the size of the root; 
the function of the mature leaves is to store up matter in the root layers already 
formed. In experiments by Scliacht it appeared that rLMnoving full-grown leaves did 
not necessarily lessen tho weight of the root at harvest, but it considorably diminished 
the proportion of sugar. Tho composition of the ash of the youngest leaves is seen 
to be of the most concentrated character, rich in potash and phosphoric acid, and 
corresponds with their function of producing new tissue. Brotschneider sopaiatod 
tho various layers of beet-root and examined tliom soporatoly; his results have 
unfortunately not been published in the 

The changes in mangel-wurzel during growth should be similar to those in sugar- 
oeot ; the crop, however, lieing always highly manured, the period of active growth is 
long continued, and the increase of dry matter and sugar which should take place 
during ripening occurs to only a small extent. 

When roots are taken from the field and stored for future consumption, they slowly 
lose in weight, carbonic acid and water being evolved. The quality of the root for 
feeding purposes is, in tho case of mangel, much improved by wintering, but the 
precise nature of tho change has not yet been investigated. 

Tho changes which opeur during tho second year of tlie life of a root crop have 
been investigatod only in the case of sugar-beet. Tho fresh development of leaves in 
the spring is accompanied by a considerable diminution of sugar, but after this point 
tho amount of sugar remains unchanged until the formation of seed commences. 
When tho seed is ripe, tho root is found to be destitute of sugar, and also to have 
Lost the wholo of its phosphoric acid. A large increase of nitrates in tho root takes 
place during the formation of seed ; the nitrates disappear as tho seed ripens. A 
root which had produced ripe seed contained, according to Coroiiwiiider, water 90*35, 
cellulose 2*95, pectose and extractive matter 4*58, ash 2*12 p.c. When, however, as 
sometimes happens, a sugar-beet runs to seed in tho first year of its^ litb, thu alteriV' 
tlons are much less marked. The production of seed being less vigorous, tho root 
retains a considerable amount of sugar (fths, according to Church) ; it contains, 
however, more cellulose, ash, and less phosphoric acid. 

The seeds of root-crops have been little examined. For ash-analyses of mangel, 
turnip, and carrot seed, see vol. i., pp. 683, 655, 807. 

We have now to consider the last condition affecting tho composition of root-crops 
— the influence of soil and manure. Tho effect of thu composition of the soil, both on 
tho bulk and composition of root-crops, is best illustKited by the results ohudned at 
Bothamstod. Mr. Lawes* experimental field has grown roots since 1843, and simikii 
manures having been applied every yoarto the same plots, the conditions of the soil have 
become very ^stinct. The following selection of unpublished results relating to 
turnips, swedes, and sugar-beet has been kindly communicated by Messrs. Lawes and 
Gilbert 


White Turnips, average Produce and Composition, 1847-8. 


Iffanuns 

Produce, 
cwts. per 
sen 

Leaf 

to 

100 

root 

Dry 

matter 

percent. 

Aahin dry 
cent. 

Nitrogen 

In dry 
percent. 

BfOot 

Leaf 

Boot 

Leal 

Boot 

Leaf 

Bool 

Leaf 

Unmanurod . . • ^ • 

Ammonium salts • . . . 

Ditto, and rape-cako . • . 

36 

40 

166 

26 

20 

116 

1 

o-i 

9*2 

8*3 

n 

7-8 

7*6 

8*1 

14*1 

14*1 

11*8 



T , 

Superphosphate . • • . ' • 

Ditto, with ammonium salts . . *' .. j 
Ditto, dittOi with rape-cake . . i 

160 

208 

228 

49 

93 

168 

31 

46 

69 

8*7 

7*7 

7-7 

14*6 

18*7 

12*6 

n 

8*6 

3*3 

U:8 

10-2 


.:P. 

Superphosphate and . alkali salts . 
XHtto, with ammonium salts . . | 

Ditto, dit^ with ni.pe*cfike ; , 

166 

240 

264 

1 

29 

34 

67 

8*4 

8*3 

7-6 

14*6 

12*8 

7*4 

8*0 

0*I 

n‘9 

11-4 

IV6 

2-67 

8*90 
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Swedes^ aveiragc Produce ai\d Com<positiiin^ 1849-62. 



Produce, 
cwte. per 

Leaf 

Dry 

matter 

Ash In jry 

Kitrogcu 1 

Maxuiras 

oci-e 

to 

100 

per cent. 

per cent. 

ixirceut. 


Root 

Leaf 


Root 

Leaf 

Root 

Leaf 

„ 1 
Root 1 

Leaf 1 

Unmanured 

46 

6 

13 

11*4 

17-1 

4'4 

12'2 


i 

Ammonium salts .... 

79 

6 

8 

11-3 

18‘0 

4*6 

11*6 


_ 1 

Ditto, and rape-cake . . . 

14U 

17 

12 

10-8 

18*9 

4-3 

11-6 



iSupcrphosphato 

149 

11 

7 

11-4 

17-0 

40 

11*6 

1*44 

4-11 

Ditto, with ammonium salts . 

169 

13 

8 

11-3 

17-1 

4*0 

12-4 

1*90 

4'08 

Ditto, ditto, with rnpe-cake . 

224 

21 

9 

10-6 

15-8 

4-2 

10-6 

2-30 

4l6 

Superphosphate and alkali salts 
Ditto, with ammonium salts , 

167 

189 

10 

11 

i 

11-9 

11*8 

161 

18‘3 

4-6 

4-7 

12-8 

12-3 

1*38 

1*69 

3-87 

4*06 

Ditto, ditto, with rapo-cake . 

261 

18 

7 

10*6 

17-6 

51 

12-6 

2*14 

4*08 


Sugar-Beet, average Prodtice and Composition, 187 U3. 


Manures 

Produce, 
cui3. per 
acre 

Leaf 

to 

100 

Dry 
matter 
per cent. 

Ash in dry 
per cent. 

SiiRor 
in nob 
per cent. 

Root 

Leaf 

root 

Root 

Leaf 

Root 

Leaf 

Superphosphate «... 

118 

20 

26 

18*7 

lfe-6 

iiiS 

23*0 

13-8 


mm 

HE 

67 

17*6 

9*6 

4*2 


12*6 


391 

104 

27 

16*4 

m 

6*1 

23*2 

11*3 

Superphosphate and alkali salts 

129 

20 

22 

B 

133 

4*1 

23*6 

13*7 

Ditto, with ammonium salts . 

303 

67 

22 

18*6 

11-3 

4*7 

23*9 

12*8 

Ditto, with sodium nitrato 

306 

113 

ii 

16*8 


6*2 

22*2 

11*7 

Farmyard manure . . . • 

■ 

86 

' 26 

17*6 

10*6 

60 

23*3 

12*6 


We must first look at tho proportaon of leaf to root at the time of liarvost. Other 
things beine equal, a low proportion of loaf to root Bignifles, as wo have already soon, 
maturity in the root, while a high proportion shows that tho crop is still in a growing 
condition. Looking at tie character of tlie white turnips manured by . 

alone, and with vanous nitrogenous manures in addition, wo see that eiwh in 

the amount of nitrogen is followed by a lareo increase in 
consequently by a lora matured produce. The composition of the turnip 
«»t».7direion. In the less nUre crepe Ao percent^ rf 
~<*and leaf, end the peieentage of aah nltrpgen in 
rises. The effect of the manures is here perfectly consistent with the facts 
ttentiened. The addition o* nitrogen to phtophatio 

and a prolonged period of active growth, and is attended with the same aiwra 
Sr«o^« wel^e already seen 

■lefident^tdrihr. IhSe case of Swod« the changes P*od^.^ ^e addiUon^f 
nitrogen to superphosphate are in the s^e direction os ^ HYith Hugnr- 
tioitt in the tffowrtira of leaf, and jn the ash, are less ®ell 

>*et the ehaiffin compositiM, with a aimUar aenee of 

^‘^rked ; the^rcentago sugar clearly follows the other j. 

Besides these general facts, the tobies show the amount of 

ymuta, sulphates of podium, sodium, and nroduw ^ater. The effect 

if always much lea^ndihe proportion of leaf in the sugar-beet 

- of alkalis on the leaf explains the anomalous P”P®^ second series in the table all 
;^anurod with sodium nitrate in the first of tho beet grown with 

;2^.Plots receive alkalis, and in this ««o tiio lesser b 

•^iim nitrate is correctly shown by tho larger proportion of leal. 

*»« Sup^ 8 y 








ROOT-OBOPS. 

l!he tnunanured turnips have a distinct character from those hitherto considered : 
'with a large proportion of loaf, they have also a very high matter, and a compara- 
tively low ash. In this case tho crop is so small that no activo growth can have taken 
place ; the root thus remains with a low percentage of water, though still immature. 
ITor the same reason these diminutive roots are very rich in nitrogen. We have alreaciy 
remarked tliat the turnip seedling contains 6-6 p.c. of nitrogen in its dry matter, and 
that.this high percentage diminishes as soon as activo ^wth sets in. In 1845 the 
nitrogen- was determined in the unmanured white turnips, which that year weighed 
less than 2 ozs. a piece; it amounted to 3 ‘31 p.c. of the dry matter, a greater propor- 
tion than was yielded by any of tho manured turnijps. 

The tables show that the composition of the loaf is less affected by manuring than 
the root. Tho percentage of nitjrogcn in the leaf remains very constant, and the varia- 
tions in tho ash are on tho whole loss. 

We seo from these experiments, that when turnips are grown ivith suporphos- 
phato only, the crop comes early to maturity ; and that when nitrogenous manures an^ 
.ndded to the super^osphate, the crop at the end of the autumn is less mature, and 
contains a smaller amount of dry matter, and more ash and nitrogen. For the reason, 
liowerer, that gro-wtli is not concluded, the latter crop is better able to withstand tlio 
efiect of frost. 

The feeding value of turnips is by no moans in proportion to their contents in 
nitrogen. In 1848 Mr. Lawes determined, by experiments with sheep, the feeding 
value of four lots of white turnips from the experimental field ; the percentage com- 
position of the turnip and tho result of tho trial "were as follow i — 




Xatnre of manuring 

1 


Ciacreals 

only 

Cinerculs 

with 

ammonia 

Cinercals 
with rnpe- 
ciikc 

Oincrpals, 
aramoniu. iiiid j 
rnpc-cake 

Drv matter in fresh 

Ash in di^ . 

Nitrogen in dry . 

9*37 

8*42 

7*78 

7-88 ! 

660 

7*48 

8*21 

8-92 

1-66 

208 

2*86 

3*20 1 

Dry organic matter 1 
consumed to produce )■ 

lbs. 

2288 

IhB. 

1321 

lbs. 

2371 

Tho shopp 
lost weight 

1 00 lbs. of live weight j 






Tho turnips grown byjsuperphosphato and alkalis only were over-ripe and mthy; 
the second lot, -which gave tho best result, wore fully ripe ; the third and fourth lota 
were not ripe. The most unripe and nitro^nous turnip gave, it is seen, the worst 
result when employed as food. For further information as to ^^o effect of manures on 
the turnip-crop, see Mr. Lawes’ piper {Jour Soy. Agri. Soc. viii. 406). 

Numerous experiments have been mode upon the influence of manures on the per- 
centage of sugar in beet-root. Tho manures which have tho most favomable e^t 
appear to bo superphosphate and potash salts ; as, however, such manuring yiewa a 
very small crop, a limitra quantity of nitrogenous manure must also be apphw. AJi.v 
large application of nitrogenous manure so asi to produce bulky rrots will, 
under exceptional conditions, greatly lower the proportion of su^r in the roots, n 
field experiments it is not unusmd to find that the unmanured plot yields the roo 
richest in sugar. ^ ^ t t. ^ 

Tho influence of the constituents of tho soil on the composition of the ash oi ^ 
ia consideiabley ae proved by tho variations exhibited indifferent ifithD 

and soda are clearly replaceable to some extant. In the aeh-janalyses of y 
mean has been already given (p. 14^61), the variations were:— in wngel;’*^ 
69*2-26*2, soda 38‘9-6*2; in sugar-beet: potash 68*9-22‘0, soda 
potash 50*9-1 7*0, soda 34*8-10*1. From numerous experiments made cmi the . V 

It appears that the supply of potash and phosphoric ncid to 

a distipet rise of thoso substances in the ash. Manuring with chlorides hMi ^ i 
the most marked effect. The percentage of chlorine may be 
if a considerable mount of chlorides be applied in the maflw. 
qucntly employed os a Aianure for mangels, and the aniGilflit of cMoriae# 
amounte to hm the weight of tho ash (49*6 p.c. Way). Th^ auitoHJ 
Campbell of the ashes m the experimental turnips at Bothamsteu W 
geneial ooncl^^ons. .■ 

Asshsdng that average root-eiops will be : tuimips. It tous todtii ^ 
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100 : 30 ; Swedas, 14 tons roots, root to leaf 100 ■ Ifi • manovlu oo 

leaf 100 : 87 : engar-beet. 10 tons roots, wot to leaf llT 26 ■ 

root to 100 : 40* ; the ^antitios of the principal constituenls romovecl^n^ho 



Nitro- 

gen 

K«0 

Na^O 

CtiO 

2fgO 

P=0» 

SO» 

Cl 

SiO“ 

Total 

ii»h 

Turnips, root 

71 

1U8‘0 

170 

25*6 

6*7 

22-4 

25-7 

10*9 

2-6 

218 

„ leaf 

40 

40'2 

7-6 

48*6 

8-8 

10-7 

10-1 

11-2 

5-1 

146 

Total crop . 

120 

1488 

24-5 

74*0 

9*5 

33-1 

44-8 

22-1 

7-7 

364 

Swedes, root 

74 

633 

22-8 

10*7 

68 

16-9 

22-3 

6*8 

3-1 

163 

„ leaf 

28 

16*4 

9-2 

22*7 

2-4 

4*8 

8-U 

8-3 

3-6 

75 

Total crop . 


79-7 

320 

42-4 

9*2 

21*7 

30-3 

15-1 

6-7 

238 

Mangel, root 


19M 

75-4 

24*2 

19-7 


162 


16-4 

410 

„ leaf 

51 

71*4 

65-2 

29*1 

27-2 

15*1 


49-8 

9-2 

280 

Total crop . 

147 

262*5 


S3-3 

46-9 

49-1 

35-4 

90-4 

25-6 

■ 

Sugar-beet, root . 

53 

76*8 

16-6 


15-2 

BBS 

7-5 


6-1 1 

160 

„ leaf . 

21 

26-6 

19-4 

22-8 

21*2 

8-5 

9-2 

6-7 

3-6 

117 

Total crop . 

74 

102*4 

3G*0 

B 

36-4 

31*5 

16-7 

Q 

0-7 

277 

Carrots, root 

86 

72-2 

mM 

21-S 

HIM 

21*8 

13-5 

Bill 

3*9 

195 

„ leaf 

50 

m 

45*5 

m 

0*7 

9-5 

20*5 

22*2 

13-0 

260 

Total crop • 

85 

116-2 

85*9 

g 

10-8 

31*3 

34-0 

31-8 

16-9 

445 


The quantity of plant*food lemoTod from tho soil by root-crops is very large. An 
average crop of wheat, barley, or oats, will not contain more than 50 lbs. of nitrogen in 
corn and straw, nor more than 100 lbs. of ash-constituents, of which only about 30 lbs. 
will he potash and 19 lbs. phosphoric acid. Root-crops, if^ removed from tho land, 
are therefore far moro exhausting than corn-crops, and especially in respect of alkalis. 

It was formerly imagined that tlie turnip, by means of its widespread foliage, was 
able to procuTO a large amount of nitrogen from the atmosphere, and that in this lay 
the secret of its nsetolness in a rotation. Tho Rothamsted experiments haro shown, 
on the contraxy, that turnips are greatly dependent on tho nitrogen of the soil, and, 
when thware grown for auocsssive years with purely cinereal manures, impoverish tho 
soil of niUiogen to a far greater extent than would result from a similar cropping «f 
wheat or barley. It is probable, indeed, that a ^art of tho ^vantage of turnip culture 
arises from the crop utilising soil-nitrogen ozistmg in conditions unsuitable for cereal 
crops. Notwithstanding tho greater capacity of root-crops for appropriating sou- 
nitrogen, nitrogenons manures must genoriUy be employed if maximum cropsare desii^. 
Nitrates appear, from the experiments at Rothamsted, to liave a distinctly greater eifect 
both on Swedea and beet, than the some amount of nitrogen .ipplied as ammonia. 

Turnips are apparently well able to supply themselves with alkalis from the soil, 
applicates of potassium salts scarcely increasing the produce, except on jpoor liglit 
«oils. The crop IS, on tho other hand, clearly deficient in the power of am»ropnating 
soil phosphates, appUeations of soluble phosphates producing a great effect on tho 
alJ^araear mow dependent on the soil fre a supply of carbons ^d 
than i. the cSe -mth^ erope, S^nio manure., auch a. fermy^^ and 

'ape-cako, producing a relatively greater eflRact than with wheat or barley. 

•^vai* «/■ All adhering soil' i. flrrt remored by wadiing, and 

^pod Sw Learea and rialk. aw then cat off, and, in thecaeeof eugar-beet anrij^wd 

'"'Otter by cutting it ex^y through the middle from top to 

• Th*dBtolhrthlsproportlon,smv6iyinesgrc- 
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bottom ; thus prepared, each segment 'will fairly represent the whole, if the root ii} 
symmetrical. Water is determined in a segment of about 100 grms. ; the weighocl 
portion is cut into thin slices, strung on a wire, dried first at a very low temperature, 
and finally at 110^. Saccharine substances being difficult to desiccate, the arying iy 
best completed in a current of dried air. The dry matter is very hygroscopic. Tobil 
nitrogen, ash, and fatty matter are determined in the powdoredury matter by the ordi- 
nary methods. To determine nitrogen present as nitrates, H. Sch^tze and E. Schulze 
{Ijandw, Vcrsuchs-Stationeu, ix. 445) extract 5-10 grms. of the powdered dry matter with 
hot 90 p.c. alcohol, evaporate the clear solution to dryness, dissolve in water, filter, 
and determine the nitric acid by Scliloesingfs method. Eor the determination of mark 
and cellulose, a segment of the root is r^uced to pulp by rubbing on a grater ; the 
pulp is then weighed, pressed in a cloth, the solid matter treated with water, again 
pressed, and tho'extmction with water continued as long as soluble matter is removed. 
In the case of turnips or beet the extraction of the pulp may be more conveniently 
performed on a vacuum filter, or by a method of Schulze described in the paper just 
referred to, but with roots containing starch the method given above is prol^bly best. 
The insoluble matter, dried at 110°, gives the weight of crude fibre (mark), from which 
(in the case of turnip or beet) the percentage of sap in the root can bo reckoned. Tho 
percentages of sap and mark ore also often asccrUiined by Grouven a. Stammer's 
method, in which water is determined in a portion of filtered, undiluted Kip, and also 


in the original root, and the calculation made according to the formula: :r- 


axlOO 

—b~' 


in which a is the percentage of water in the root, h that in the sap, and f tho percenbiga 
of sap in tho root This method is the only one that will yield tho percentage of sap 
accurately iii the case of roots containing starch. To determine cellulose, tho crude 
fibre must be boiled with a dilute solution of soda to romovo pcctose, &c. ; in roots con- 
taining no starch, boiling with dilute sulphuric acid may probably bo omitted. See 
determination of fibre, 1'odber Plants (p. 532). Sugar is determined in the wutory 
extract of the pulp, or in the undiluted sap ; if in the latter, the percentage of sap in 
tho root must be ascertained by one of tho methods already given. In tho case of 
sugar-beet tho best and speediest method of determining sugar is with tho pokriscopr. 
A Weighed quantity of the expressed s^ip is placed in a measured flask, treated with 
basic lead acetate, and water added to the mark, the whole well shaken and filtered. 
The tube of the polariscope is filled with tho clear colourless filtrate, and an observa- 
tion made. The reading furnished by the instrumont expresses at once the percontago 
of cane-sugar in the sap. As the sap forms very uniformly 96 p.c. of ripe sugar-beet, 
this proportion is often assumed, and the percentage of sugar in the root calciiktsd on 
this basis. The weight of sap to be taken, and tho amount of its dilution, are fixed 
quantities, which depend on the kind of polariscope employed. For further infor- 
mation, see iii. 674, v. 471. In roots, as carrots, containing invert-sugar, Fehling’s 
method maybe employed. The sap is jailed and filtered, and the filtrate ooncentiated 
with some sulphuric acid to complete the inversion of tho sugar. For fiirther details see 
ii. 864, Starch may be approximately determined in carrots and parsnips by mixing 
the pulp with water, squeezing through a piece of fine linen, and repeating^ the opra- 
tion till tho water runs clear. The washings are then made alkaline with littls 
caustic soda, and allowed to stand. The deposited starch is collected, dried, and 
weighed. R. VT. 


^ ftOBAamnra, C**H*»N*. On the change of colour produced in rosoniline solu- 
tions by heat, see Light (p. 747). 

Ikcompoaition hy Water (Liebennann, Dent. Chem. Gu. Ber, v. 144 ; vi. ^?l)-;f 
Bosaniline and its salts are scarcelv attacked by water at 220® ; but if the heating be 
continued for several hours at 235r, the tube after cooling is found to contain A wuib- 
rod liquid, considerable quantities of red needle-shaped crystals, ammoma (sal-am* 
monioc when the hydrochloride is operated on), a small quantity of rosin, and ph^ol. 
Tho cold-filtered liquid gives off ammonia on evaporation, and deposits coIouhws 
ciystols which gradually turn red. These crystals dissolve in* boiling *5Si**' 
alcohol, forming rod solutions from which me compound separatea iti m neenl^ 
having the cofnposition C*“H”NO*.H*0. This compound behaves like a 
dissolves wi^ riieny-red colour in ammonia, and is reprecipitated on 
but an excess of hydrochloric acid redissolves a large portion of the precijp»t^?^"^“ 
during agents convert it into a colourless substance. When the residue: the; 

tion-tube is washed with cold water and then ^nustbd with boihug ^ 

on cooling de^site red needle-shaped crystals, part of which dis^Vfli itfUh w 
iii ammonia, while the greater ^rtioh remains tmdissolved on theiilj^ i 

• pdnnd thus: obtained may be rwrystolltsed in the saihB wuy iw 

• Vives, by aualyrisi numbett leading to the formula, 0**H*^N*O.H*0. It 
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propovticfl > its solution in hydrocblorie acid is procipitntotl by nlknlisi and idolds an 
oily compoiind Tvith platinic diloride. It molts nt 170®. 

If tho tubes are lieatod to 2*45°, tho rcactiou appears to proceed in the same way ; 
the resulting crystals, however, are not red, but yellow or colourless ; and tho crystals 
of both kinds thus obtained givo by analysis tlio same numbers as the two correspond- 
ing kinds of red crystals, with tlio exception of a few tenths more per cent, of hydrogen. 
Tho yellow compounds are therefore tho leuco-coinpounds of tho rod ; tho latter like- 
wise exhibit partial reduction. 

The following are regarded by Liebermann as tho most appropriate constitutional 
formulas for rosaniline and loucanilino : 

CH®— Nil— C“H« CH2—C"H^— Nil— 


IlH*— <?H‘— NH— Im Lll*— C‘II* -NH* NIP 

Bosanllino LciicaDiliuo 

'Wie reaction of rosaniline with water proceeds in a totally ditferent manner when 
a little hydrochloric acid is added to the w.atcr. In this case at 240° the rosaniline 
salt is complotely resolved into aniline and toliiidino. 

When rosaniline is heated with water in a copper digester to 270° a largo quantity 
of phenol is formed, which may be got rid of by boiling the product witli steam. 
The residue contains carbonaceous matter and a compound containing no nitrogen, 
together with nitrogenous bodies. The latter are removed by boiling with water, and 
heal ing tho crystals Avhieli separate out from tho hltrato with crude hydrwhloric acid, 
which dissolves only the nitrogen-compouncis. Tho rosidno crystallises from boiling 
water ill pointed plates melting at 200°, and from alcohol in small plates. It dissolves 
in alkalis W'ithout colour, and with sodinm-anialgam and water it gives a rod' solu- 
tion, which soon becomes colourless. This compound contains C = 72-5 72 G ; 

73*3 ; 73*4 ; and H = 5*0 ; 5-3 ; 6*9, or les.s than required for tho formula 
0^“H**O* + H®0 ; it does not cliango its composition at 170°. It has nothing in 
common with rosolic acid or with hydrorosolic acid. 13y licatnig it with hydrioific 
acid to 160°, or with hydrochloric acid to 200°, it is resolved into phenol and cresol. 
Acetic anhydride converts it at 160° into a compound cry.stanising from alcohol in 
needles melting at 156°, and containing C *= 68*25 and II » 5*21., Iloated with 
phosphorus peiitachloride containing trichloride to 170°, it yields tho compound 
C"Jl'*CPO% crystallising from alcohol in colourless plates moiling at 137 . Thi« 
last compound is not changed by heating it with alcoholic potash, and given up only 
juirt of its clilorine when boiled witli 8(x!iuni*amalgam. 


XOSB OZXi. Soo Oils Volatile (p. 872). 

BQgnr OIK* On the preparation and purification of this oil, and its use ns a 
lubricator for machinery, and in tho preparation of railway and waggon grease, sco 
pol, J. cevi. 246; cevii. 237 ; Chem. Soc . «/. [2], xi. 304, ll7o. 

XOSOCrAirXir. See CuncujriN (p. 404). 

11080 UG ACZII. This namo has been soraowhat vaguely applied to a mimbcr 
cf rod compounds obtained from phenol by various reactions, tut ^ is now 
toUi, profuct. alsocaUed|^ Sire a. 


acid'^anTphen^w^S* to f 

acid is formed ; moreover, the colouring ^tter is not ?r ^pults that 

of crystallised oxalic acid and phenol. ;I^«d’homme infew 

rosolic acid is a product of the mroct action of C0H.0H,^ suggested 

that its constitution is correctly expressed by the formula O be 

by Kolbe (ls< SuTpl. 891). . .. . . ^ wnwnosium salt; dissolving 

Freseniua poriSa rosolic acid by reo^ting this treatment till 

this salt in hot water, procipitatingj with barker by an alkaline 

the aqaeoufl solution of the magnewum salt is tho magnesium solt with 

solution of potassium ferricyanide, and alcohol or glacial acetic acid. 

^drOcUonVadd, and crystallising at 16*6° to a 

crystals are jfed by transmitted ond OToen . ^ gtill higher temperature, 

njftss having the colour of cantheridi^ and give off ^ resinous mass, which is 

By flision with potadi, rosolic add is converted into a res 
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resolved by sulphuric add into a flocculent and a resinous mass, both of which are 
dissolved by ether and by alkalis. An alkaline solution of potafnium ferricyanide 
added to- the alkaline solution of the decomposition-products, gives rise to the repro- 
duetion of rosolic acid. Iron and acetic acid convert rosolic acid into leueorosolic 
acid. Strong nitric acid forms nitro-produ^, one of which is crystalline. When 
rosolic acid is distilled with potash, diphenyl appears to be form^, together with 
other products. 

Bosolic add is recommended by Schultze a. Marker {Zeitachr. anal, Chem. ix. 334) 
ns an indicator in the estimation of carbonic acid by Pottenkofer's method (absorption 
of the carbonic acid by lime- or barytn-wntor of known strength, and subsoquont 
titration with oxalic or hydrochloric acid). The rosolic acid is dissolved in alcohol 
and carefully neutralised with potash. A few drops of this tincture, added to the 
baiyta- or lime-water, produce the deep red colour of barium or calcium rosokte, 
which is changed to a faint yellow by the slightest excess of acid. According to 
Schultze a. M&rker this change of colour is more delicate than that afforded by litmus 
or turmeric. 

lioeolic acid has been also recommended as an indicator in nitj^en dotorminntloni;, 
when the evolved ammonia is absorbed by standard sulphuric acid ; but in this ca.<io it 
does not giro equally good results, since the colour which the liquid generally ac- 
quires from absorption of organic matter greatly interferes with the delicacy of 
its indications. 

BOTATXirO TOUrACB (Siemens*). See Ikon MKrALLUROV (p. 702). 

BVBniXWBi C’'1P'N. This biise has been detected in tobacco-smoke (rco 
Tobacco). 

BUBIDIUM. This metal has been found in the ash of beet-root. To separnte 
it, the mother-liquor loft in preparing saltpetre from the ash of boct-root molasses is 
mixed with saw-dust and deflagrated, the charred mass exhausted with water, the 
solution evaporated to 1'3I7 sp. gr., and the sulphates and chlorides allowed to 
crystallise out. This second mother-liquor is mixed with hydrochloric acid, heated, 
filtered from precipitated sulphur, &c., and boiled witli nitric acid till all iodine and 
bromine are expelled. The rubidium is now precipitated from the diluted solution by 
platinum tetrachloride, and separated in the usual way. 

Direct experiment shows tlmt one kilogram of the beet-ash of Northern Prance 
contains 1*76 grm. of rubidium chloride, and that the rubidium chloride is to tho 
sodium chloride and potassium chloride as 1 to 126 and 831 (Pfeiffer, Arch, Pharm, 
[2], cl. 97 i Dingl, pm, J, cevi. 408). 

SrVB OtXtm The principal constituent of this oil is methyl-nonyl ketone, 
C»H«0 - CH».CO.C*H‘* (p. 808), 


CocHiNKAL (pp. 867, 368). 

Buncoccxir* ^ 

BmPZBABXiZG AOZBp — ^This compound, which Bobiquet obtained by 

heating gallic acid with sulphuric acid to 140^, is more easily produced ^ the action 
of sulphuric acid at 80^-90^ on digallic acid, C**H**0*,from which it difibn by ; 
further, by tho action of sulphuric acid on tetracetyl-tannic acid, C**H*(C*H*O)^0* ; 
similarly from ethyl gallate, OH*(QH)*.GOOC^H’, with separation of alcohol, and 
from ethyl triacetyl-gallate, C*H’'(G’H*0*)*,C0.0C^H*, with separation of ethyl acetate. 
Sulphuric acid acts therefore, in the formation of rufigallic acid, on the carbonyl 
groups, and as ruflgallic acid no longer exhibits the properties of an acid, we may infer 
that It is nothing more than ‘the anhydride of di gallic acid: 

C«H* 


C»Ht 



Dlgrilio aetd Dlgnllio anhydride 

oriuflgelKoadd . 

Huflgallio acid can in feet take up four atomU of acetyl, iforfifing 
" which cryatftilises from boiling giaeial acetic ill jn|j|!l 

or greenifh-yellow prisms^ sparingly soluble in alcoW even at the 
tmted with potash, tliese crirstals turn yellow, and altenraids, Tiowt (Si 
JOrftf. CAm. ©iw, Aflf. iv. 067X (see 
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the alcohol, the boiling solution is precipitated hy ammonia, whereby a rcsfmms i, V.! 
IS obtained contaming voratrino, which may be purified by solution in ether 
ration, solution of the residue iii alcohol, and repeated precipitation by water The 
ammoni^l flUmto ;« aptated with amylic alcohol Aho «t^ ov«™n^l t o 
refaduo dissolved in alcohol and procipitatod with water, tuid die procipit Ue i.uriaed 
by animal charcoal : Anally Oie concontrat^ solution of the hasos is pAcipitivted i.y 

*■ liright-Md substance, sabatrino, 
and leaves behind sabadilTino. O»H“N-0'-‘, to be pimfiod by solution 
in boiling water. The latter alkaloid is not .absolutely insoluble in ether, ^id is not 
^rbomsod by sulphuric acid, but gives a yellow solution, becoming blood-red, and 
finally, carniine-coloured ; ammonia does not precipitate it from its salts, and alkaline 
carbonates give a turbidity only with boiling concentrated solutions (1 to 5) It is 
soluble in benzene, amylic alcohol, petroleum spirit, and chloroform, .and crystal- 
lises from benzene, but not from water or alcohol ; it does not produce snoozing or 
emetic action in frogs, but accelerates the action of tho heart. Its gold salt 
(piX[««N»0»*.2HCl.Au*Cl«, is amorphous; its hydrochloride and sulphate are gummy. ' 

Sabatrino much resembles sabadilline in properties; it gives two compounds with 
gold chloride, one amorphous = C=‘H“N2O’.2UUl.Aii*0K tho other cr\*stalliuo. 
= 5(C«H“N‘^0^2H01).llAu=Cl“. » 

Veratrine can be obtained in two modifications, one of which is readily soluble in 
water. Woigelin finds the quantity of nitrogen contained in this alkaloid to bo much 
loss than that previously assigned to it, and represents it by tho formula 
(compare y. 906). 

See Sttgak. 


ACZn, 3IPO (H. Beichardt, VUriiU 

jahr8chT\ft pr, JPharm. xix, 384, 603). An acid formed, together with glucic acid 
(p. 656), by the action of baiyta on grape-sugar. A mixture of baryta-water and grape- 
sugar deposits, when heated, a barium-compound, which is likewise obtained when 
tho brown mass formed by melting grape-sugar with barium hydrate, is diluted 
with water as long ns a precipitate forms. To obtain tho acid contained in tliis pre- 
cipitate free from glucic acid, the precipitate is suspended in water, and dilute sul- 
phuric acid is added in quantity sufficient to produce a slight acid reaction. The 
filtrate mixed with lead acetate yields a precipitate of lead saccharumate ; and by 
decomposing this precipitate with hydrogen sulphide, evaporating tlio filtrate at a 
gentle heat, and drying at 80®, saccharumic acid is obtained as a yellow-brown powder 
having an astringent taste, easily soluble in water and in alcohol, sparingljr in ether. 
Its BolntioD when exposed to the air gradually becomes darker, and deposits brown 
substances. Alkalis colour the acid solution darker. The acid decomposes the car- 
bonates of calcium and barium^ forming acid salts, like C“H*“BaO". Idme-water 
produces a slight, baryta-tvater a more copious precipitate of the salt, 
C**H»*Ba*0>' + 5WO. Cupric salts give with neutral solutions a grey-brown pre- 
cipitate haying the composition C“II'*Cn*0»‘ + 3H*0, which dissolves easily in free 
alkali and acid, and docomposes readily when heated. The precipitates thrown down 
from a neutral solution of the acid, by neutral and basic lead acetate, are respec- 
tively and 0“H**Pb»0». 

(Hofmann a. Qeyger, Dettt. Cham, Ges. Btsr, v. 626). A 
rod dye pra’Dared commercially, according to M6ne {Chem. News, xxy. 216), by treating 
finiline withnitrous acid and arsenic acid successively, tho higher-boiling portions of 
aniline oil beinic best adapted for the purpose. Hofmann a. Goyger find that this pro- 
cess yields buta small quantity of safranine, mixed with a large amount of s^ndary 
Pfoducts, and that the preparation of sifranine succeeds best when ^romic acid is used 
the oxidising agent instead of arsenic acid. Safnmme cannot, however. 

Parod ftOm puM ^ne OP solid toluidine, or a nuxtura of the two, ^ 

Jbtained WUquid fcolnidine boilinfi; at 198®. ‘ ® ^ 

ierivative tolmdinoi and its foimatioii may be explained hy the equations . 

80»H»N + KO*H - 2H*0 + 0**H*^N® 

' C?W*N*- •• C**H**N*. 
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Safranine ia mot with in commorce in the form of a pute, and of a yellowish-red 
powder, which contains the hydrochloride of the base mixed with calcium carbonate 
and common salt. On boiling this with water, and allowing the solution to cool, a 
crystallino substance separates, which, after repeated rocrystallisation from wator, will 
be found to leave no residue when burnt. It, however, loses hydrochloric acid by 
these operations, and becomes more soluble, so that the addition of hydrochloric acid 
to ^he mother-liquors causes a furtlier separation of the crystalline hydrochloride. 

The free base is obtained by docomTOsing the solution of the hydrocMoride with silver 
oxidok (^nd evaporating the deep rod liquid. On cooling, rod-brown cryst^s are de- 
posited, which closely rescmblo the hydrochloride in appearance. Safrauine dissolves 
easily in water and in alcohol. Bried at 100°, it acquires a faint greenish metallic 
lustre. Tlio addition of liydrochloric acid to the aqueous solution of the base precipi- 
tates safranine bydrochlorido. 

The most characteristic reaction of safranine is that when strong hydrochloric acid, 
or, better, sulphuric acid, is {gradually added to its solutions, the colour changes first 
to a fine violet, and tlion successively to blue, dark green, and light green. On dilut- 
ing the solution, the same changes of colour are observed in reverse order. 

Safrauine Hydrochloride, C“H-“NMIC1. — To obtain the normal hydrochloride, it is 
necesseo^ to acidify the boiling solution of the salt with hydrochloric acid, lb forms 
thin reddish crystals, which are solublo in wator and in alcohol, especially when 
heated. It is insoluble in ether and in a concentrated solution of salt, llotli the 
aqueous and alcoholic solutions have an intensely yellowish-red tint. The addition of 
ether to tlio latter solution causes the precipitation of the hydrochloride. 

The platinochloride, 2(C^*U-“N‘.IlCl).rtGl*, is obtained by precipitating a warm 
solution of the hydrochloride with excess of platinic chloride, and washing the precipi- 
tate with dilute hydrochloric acid. It is a crystalline yellowish-red powder, almost 
insoluble in water, alcohol, and ether. 

Safranine is precipitated in microscopic needles on adding hydrobromic 

acid to a solution of the liase. It is almost insoluble in cold, but soluble in boiling 
water. . The addition df bromine to a solution of the hydrochloride causes a precipitate 
which, when reciystalliscd from water, yields needles having a motallio green lustre. 
The hydriodidc is similar to the hydrobromido. 

Safranine Nitrate, — On adding an excess of dilute nitric acid to a 

hot aqueous solution of the free base, and leaving the liquid to cool, the nitrate sepa- 
rates in fine red-brown noodles, which are difficultly soluble in cold, but readily in hot 
water. It is decidedly less solublo than the hydrochloride. 

8({fmn%ne Sulphate is a moderately soluble salt, precipitated by tlio addition of sul- 
phuric acid to a concentrated solution of the base. On warming the liquid it redis- 
solves, and separates again in fine needles on cooling. The oxeUate is very similar, 
but somewhat loss soluble. The acetate is very soluble. 

Sqfranine Picrate, — ^Whon picric acid is added to a di^ta 

solution of safranine hydrochloride or nitrate, the picnito is precipitated in brownish- 
red needles which are insoluble in water, alcohol, or ether. 

SJLBUnk Calcio-maffnesioferpiginotis AtMe . — ^This mineral occurs, together 
with graphite, in some of the dense limestones imWlded in the mica- and hornblande- 
slate of Valpellina in the Pennine Alps. The augite forms rounded grains having a 
fused appearance, generally from j to 1 mm, in size, and of a bluish colour on the 
outside, whitish-^y within. Some of these grains exhibit crystalline faces, niunely, 
those of the, vortical prism of augite, and of the ortho- and clinopinacoid. ^ They ex- 
hibit distinct cleavage in two directions parallel to the faces of the vertical prim 
indistinct^ fiarallel to the clinopinacoid. &fo]se the blowpipe the mineral melts easily 
and with violent intumescence, Sp. gr.«s3’320. Loss by ignition 0*14 p.c. Analytti 
gave: 

SO' CaO MgO FeO AW 

64*02 24*38 13*62 3*07 0*20 - lOO'OO, 

which* neglocting the alumina* agrees nearly with the forihuIattF6O.fM^.t0sO)9^P^ 
or FeMg^aWO" (calc. 63*67 SiO», 26*00 CaO, 18*30 MgO. 3*04 FeO). 

UUUnPa This name is applied, in the Deportments bondering bn the 
raneau, to a thin saline incrustation* which in some places complet^ ^verif 
’lands, and in others forms isolated barren spots in the fertile soil, ^bese spots 
sist essentially of sodium chloride mixed with 6 to 10 tko, cslduito 
analysis of the soils on which they occur gave in 100 pt 8 .*-*(I)onthe iinir^ 
dei^; (3) from a salant spot in Ihe mid^ of a cnltmted soitj lAiich ^ , 
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tained only 0'0002 of the salts, 
partment of Hdiault : 


*' 


The samples examined were from Agde, in the De* 

KaCl CaSO MgSO' 

6<1G3 0>176 0*228 

0*761 0051 0*129 

0-849 — 0*300 


F. S4tard» <hmpt, rend, Izxiii. 1155). 

SjUblOTXiICI AOXB. .C’H«0> a C«H«OH.CO>H. Fonnaiion and Canaiiiutmi. 
— On the formation of salicylic acid from sulphobonzoic acid, and from orthotoluono- 
Bulphonic acid, and the proofs that it belongs to the ortho- (1 : 2) series, see pp. 134, 
135. 


Hhbner (Atm, CAetn. Pharm, clzii. 71) finds that when ordinary bromobenzoic acid 
(purified by several^ crystallisations and molting at 155^) is fused with potassium 
hydrate, salicylic acid is formod as -well as oxybcnzoic acid ; whereas the latter, which 
is the analogue of ordinary bromobenzoic acid, might bo expected to bo the sole pro- 
duct. As, however, salicylic acid is known to be formod by the action of potassium 
carbonate on phenol, its production in this case may bo supposed to take place in the 
manner represented by the following equations, the bromobenzoic acid being first con- 
verted into hromobenzone, then into phenol, and tlio phenol into salicylic acid : 


C-H^Br.CO»K + KOH = CO»K“ + C-H*Br 

C-H*Br + KOH - KBr + C«Il»OH 

CH^OH + CO>K“ = H-0 + C“IT<OK.Co=K. 


Preparation . — The preparation of salicylic acid from wintergrecn oil being very ex- 
puiisive when largo quantities are required, Kolbe (J, pr, Chem. [2], x. 89) has en- 
deavoured to improve the method of obtaining it from phenol, devised by himself and 
Laiiteiimnii some years ago (v. 163). ■ 

Sodium-phenol is prepared by dissolving crystallised phenol in a strong solution of 
commercial soda (in the exact proportions of the molecular weights, as .an excess of 
phenol causes tlie product to be highly coloured, and dimimshes the yield of sali- 
cylic acid), evaporating to dryness in iron vessels, and finally heating the pasty mass 
over a fiame, stirring all tlio while. Tlie sodium-phenol, being very hygrt^copic, 
should bo placed when hot in stoppered bottles, as moisture diminishes the yield of 
acid. Tho sodium-phenol is then hciitcd in a retort to 100®, a slow stream of carbonic 
anlmlrido is passed Uirongh tho apparatus, and the temperature after many hours is 
allowed to rise to 180®. Thenol then distils over, till tho temperature rises to 220 - 
250®, tho operation being completed when no more phenol passes over at tins tempera- 
ture. It was supposed that tlie reaction w^uld tako place as follows . 


C"H*ONa + COO = C«H*O.COONn. 

Rodium- Sodium saUcylftto 

phenol 

hut as the retort contained basic sodium salicylate, and phenol distilled over, tho pro 
cess evidently takes place according to the following formulae . 



C*H»ONa 

0"H*ONa 


j + CO* 


mola. sodium- 


phenol 


DlBodium Phenol 


which is tlie result of two simultaneous reactions ; 


Oni*ONai 

C«H«ONaJ 


C*H’.OH + CH‘|^Na 

DIsodluoiFphfinol 




ONa 

CO*lIa’ 


ited, 

again 


On tha taaio sdt with hjdtochlOTC add, *1“ 

M>d can bs pcirifl^ by diMolTins it etberatod alcohol, boiling • 

pheMlig*,«j. P6ta8iStim-ph«iiol^eTmoiiB iewdte.^n^to ^ ^ 

another timo parooxybensoic acid. Those aro now attributed to 

Jio to the presence of sodium in the potassium ^ determine this two 

^a.iirflnancB of |1» h»t at which the r«i<a«d in the reme 

fierjcs. of expeirimentii were instituted. -t 100®, and subjected to 

juannor as the nodinm-plmaolt when heat^ for add, consisting wholly 

action of cfixho&ld nnhy^, amountoi ama, -o 



1066 


SALICTLIO AtiDBHYDB, 

of salicylic acid. When it \ras heated to 135^, and carbonic anhydride then passed 
through it, the temperature being allowed to rise to 146°, phenol was produced, and 
a la^o amount of salicylic acid, but no pnraoxybonzoic acid. But when carbonic 
anhydride was allowed to act first at 170°, and the temperature theu raised to 
200°-210°, phenol distilled in its proper proportions, and a largo amount of paruoxy- 
benzoic acid was formed without a trace of salicylic acid. ^ 

111 other experiments carbonic anhydride was passed through heated phenol, and 
when the temperature had risen to 130 °, potassium was added till it rose to 160 °. 
W^n the equivalent quantity of potassium had been added, the product yielded pure 
salicylic acid. Another portion of phenol saturated with potassium yielded a distillate 
of phenol at about 200°, and the retort contained a considerable quantity of poraoxy- 
benzuic acid free from salicylic acid. If sodiiim-phenbl be treated with carbonic 
anhydride at 240°-280° for four hours, pure salicylic acid is produced without a trace 
of paraoxybenzoic acid. 

■ From a inixtute of salicylic and pamoxybenzoic acids, the greater part of the 
salicylic acid may be separated in the form of a sparingly soluble basic calciiim salt, 
by mixing the aqueous solution of the acids with excess of milk of lime, A more 
exact motliod of separation, liowover, is to dry the mixture of acids at 1 00° aud digest 
it in boiling chloroform, which dissolves the salicylic aedd easily, and takes up but 
little of tile panioxybcnzoic acid (Kolbo). 

On the Heat of Combination of Salicylic ocid with Bases, see Hext (p. 62). 

Physiological aciiott . — Given in largo doses (6 grams in two days) salicylic acid 
produces singing in the oars, and passes out in the urine, portly ns salicyliuric ncid, 
pirtly unchiingcd ; it may also bo detected in 2 hours, and oven after 20 hours in 
urine, although the dose maybe only 0*3 gram. Owing to the fact that it is casilv 
decomposed into phenol and carbonic anhydride, it acts autisoptically, preventing 
fermentation and decomposition, and may therefore be applied to the preservatiot* 
of meat. For this latter purpose it is preferable to phenol, as it is tastoloss, or 
nearly so. Neither paraoxybenzoic nor oxybcnzoic acid acts antiscpticudly. Salicylic 
ucid has also been applied to the dressing of wounds, and has been found to work 
very satisfactorily, aiding granulation, &c., and preventing fever (Kolbe, loc, eit.) 

Action of Phosphorus oxychloride . — ^With this reagent, salicylic acid yields con* 
densation -products. The portion, of the product insoluble in liot w’ator contains the 
compounds : 

= C^H^O’ - H*0 

Balicylide 

C=*H'«0» = 4C'H*0* — 3H®0 

Tcttasolicylldo 

The former crystallises from boiling alcohol, the latter is a solid brittle resin. 

NUrosdlicylio acid is likewise attacked by phosphorus oxychloride (H. SchifiP, JDnd. 
Cl^m, Gee. Bcr, iv. 969). 

XodoaalSoyllo Aeld. Hlosiwotz a. Weselsky (iM, v. 380) have succeeded in 
replacing part of the hydrogen in salicylic acid and its isomerides by iodine, by the 
process which they formerly applied to the formation of iodophonols (lei Suppl. 010), 
viz. the action of iodine in presence of mercuric oxide. Salicylic, oxybenzoic, and para- 
oxybenzoic acid when tlius treated exhibit different degrees of capability of taking up 
iodine in exchange for hydrogen. 

Mltroanlloylle Aolds. When salit^lic acid is nitrated, not onlv is ordinary ni^ 

. salicylic acid formed, but also two more soluble isomerides, one ox which crystallises 
in long colourless needles melting at 124°. This modification dissolves sparinfflym 
cold water, readily in hot water and alcohol, and gives, with ferric chloride, a roddiBli- 
blue colour. The potaasivm salt, C*H*(NO*)OK.OO*K, crystallises frbm hot ywt« lu 
long yellow needles. The fnagneriwm ^alt, C*H*(NO*)O.CO’0!iIg.+ 8H*0, 
needles which readily dissolve'ia hot water. The barium sq/<, (C*H*(NO*)O3Br.C0*)^t 
cratallUies from a hot aqueous solution in scales, and' from a dilute ixi neaow 
needles. The lead salt, C»H*(NO*)O.CO®Pb, is a yellow precipitate. The 
C*H*NO*OH.OO*Ag. is readily soluble and forms glistening brownish needlee. . ®* 
serand isomeric acid remains in the mother-liquor of the barium salt df 
first, and rryst^lises in long colourless needles melting at '218°. Its 
((?H»(NO*)(5H.eO*)*Ba -i* 4H*0, foims hard, light yellow, compact 
Ikui, Ch^n. Oct, Bi*. yiu 1S20). 

mAManTBum w l^ yoa#]p^ 

treated with phosphqrns. mrchlqride, yi^s a purpte-r^, Mn*di[^ltiaUiilii^ 
wlWtefiWwlves in alkaBa wili epleiidid idojet 
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AJlXiXOT&IO AmnsXBBfli Several anhydrides of salicylic acid have beau 
described Gerhardt (v. 160) and by Kraut (1«^ Supply 1007). Schiff {Amu Ch, 
phamu clxiii. 218) prepares salicylido, and tetrasalicyliilo. C“I1«0», by the 

iiction of phosphorous oxychlonde on salicylic acid. This acid when heated dissolves 
easily in tho oxychloride, "with abundant evolution of hydrochloric acid. At the end 
of the reaction tho liquid is decanted from tho separated metaphosplioric acid, the 
excess of oxychloride is distilled off, and tho residue is decomposed, while well cooled 
by throwing in Inmps of ice. Tho mass, which soon solidifies, is boiled with water to 
remove unalterod salicylic acid, and treated several times with boiling alcohol. Tho 
alcoholic solution yields, by repeated crystallisatlou, large spherical groups of shining 
needles which shrink np very much when dried. Tliese crystals consist of salicylide : 

0’H*0« = or C?‘H* C«H«. 

The reaction takes placo in tho manner representod by the equation : 

8CrH*0* + POCl® - PHO» + 3HC1 + 2C'H^O». 

Salicylide is insoluble in water, does not give tho purple reaction with iron salts, or 
a precipitate with lead salts, and is nut atta^ed by acetyl chloride. It melts for Uie 
most part at 196°-200°, but decomposes partially at tho same time, so that tho whole 
tloes not become liquid till heated to 220*^-225°. By boiling with potash it is recoii- 

vortod into salicylic acid. 

The portion of the original product which is nearly insoluble in boiling alcohol, 
forms a white hard resinous mass, insoluble iu water, and only slightly soluble in 
alcohol, ether, and benziii, even at the boiling heat. Tho results of its analysis agree 
very well with the formula « 4C»H«0> - which is that of Kraut’s totra- 

salicvlic acid; Schiff calls it tetrasalicylido. It softens at 205°, is perfectly 
iluid at 230°, and decomposes at ulxiut 250°. Strong sulphuric acid dissolves it with 
vcUow colour, and water partly precipitates it from the solution imaltfMd, imrtly 
‘ronvarU it into salicylic acid. When heated with strong sulphuric acid it terms 

’"'is'^if^'icyl'ido exhibits no iron ro.iction, and docs not yield .my acetyl derivative, 
it may bo regarded as tlie/frf anhydride of dmUeylie acid : 

pOOH 0 CO CO 0 COOH 

C«H^ C**!!* C®11* . 

To Gerhardt’s salicylic atibydride, which Kraut designates as Salicylo^cylic arid. 
C*H* fCOOH 

Schiffassigns Cio formula, a. otherwise its formation from oeeto. 

known iron reaction, which is not the case. bv Schiff, inasmuch as 

Tho existence of Kraut’s triaaltcyl^saltcy Kraut does not yield very accortlant 
the more 169). upholds the existence of 

^ , BAXsXABTXir. Kraut {^»w. Ch. Pharm. cl. 123) pw 

acid of 8p.gr. 1-185, warming tho Bolu^ preciintoto. The 

whereupon part of the sriiretin a large quantity of water ; 

precipitation is completed by pouring ^ dissolved in moderately dilute 

the p^pitate is widicd «U fcoe.*^ uudissolved: and the 

spirft, a smalt quanti^ of a We qumtity of salt water. It 

«SJ KWTSe ■S’.SL” S. 

over oil of vitriok » ^ is soluble in aqueous^ alcohol. 


«n«-Ait nt lOll" OC OVCn ni> ««« » - — ^ 


likewise afesolves almost not exceeding 40°. 

salicin has been decompOB0«1 ^ vields on aS^tion of absolute alcohol, 

the solution of the pwSuot m saliwtin eitlier in composiUon or 

ft precipita^ Whiefi however dooB not omw wwn 

in properties. 


and if its prc] 
likewise di 
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SaliMtin is commonly represented by the formula CTH'O op ; but Kzaut’ic: 

a^ilysis leads to the formula originally suggested by Moitessier (Jahresb. f 

Cam. 1866, 677), who regarded salirotiu as related to saligenin, in the manner as* an 
ether to a monatomic alcohol : 


H— 


}o 


Baligeuln 


C»H»0» 

Ballretin 


O 


Kraut, however, regards saliretin, not as the ether of saligenin, but as mlweno* 
9Qligm%n : . ^ 

H.O.C-H^CmO.OTP.OmO.H 


a compound analogous to salicylo-salicylic acid (Is^ 1007) : 

n.o.c®mco.o.c“n*.CH*o.H. 

Saliretin is likewise precipitated by salt water from its alkaline solution, and the 
precipitate, after continuous washing with the same liquid, contains, after deduction of 
sodium chloride, a quantity of soda less than sufficient to form a saturated or half- 
saturated sodium-compound. 

Piria found that saliretin, when oxidised by chromic acid, does not yield salieylol; 
and Kraut finds that, when oxidised by potassium permanganate, it does not yield 
either salieylol or salicylic acid, or in general any well-characterised product of 
decomposition. 

A subsUnce called saliretin, which Oerhardt prepared by the action of 
sulphuric acid on ssligonin, exhibits the coinpositiou of trisnligcno-saligcnin, 
■= 4C'H'*0® — 311-0 ; some resinous protliicts prepared by Jleilsteia a, 
iSeelhoim {Jahresh. 1861, 76r)) from saligenin, by the action of acetic anhydride or 
ethyl iodide, appear to consist of hepias^igmo-adligenint — 8C'II*0* — 7lP() 

(Kraut). 

Action of the Acetgl-derivatlvrs of Sugars on StHUum-8aUgc7iin. — Acctyl-glucoso and 
Bodium-saligenin, heated together in presence of alcohol or benzene, yield a small 
quantity of a substance which forms glucose and saliretin when boiled with dilute 
sulphuric aedd. This substance is obtained pure by evaporation to dryness, solution 
in water, precipitation by lead acetate, and tiocomposition by hydrogen sulphide ; ami, 
finally, by evaporation to dryness in a vacuum, there is obtained an amurpliuas, 
yellowish, brittle mass, soluble in water and in alcohol. The greater part of tho 
Kiibstaiicos enaployed, however, react differently, producing acotosalirotin and 
sodium glucinato ; the former ofthese, which, by saponification, yields stdiretinand 
sodium acotato, is likewise formed by tho action of acetic anhydride on salirctiu 
(Schutzenberger, Ann, Chim, Phys. [4], xxi. 285). 

DiacctosaccharoBe and sodium-saligenin, heated in an open vessel with absolute 
alcohol, also form a small quantity of a glucosido which splits up into glucose and 
saliretin ; the greater portion of the substance, howevor^^ is converted into aceto- 
stiliretin, and the sodium salt of an acid very similar to gliicinic acid, which may 1)0 
termed saccharinic acid. This sodium salt, separates from boilin^ 

absolute nlcoliol in small, white ciprstals ; it is very soluble in water, gives with basic 
lead acctiite a precipitate soluble in excess of tho acid, and yielding the acid itself by 
decomposition with hydrogen sulphide ; the acid forms a very sour syrup (Schiitsen- 
boiger). 

^e lead precipitate obtained by treating saligenin with lead acotato also yields, 
when heated with an aqueous solution of acetyl-glucose or ucotyl-sacelmroso, a ^u- 
slderablo quantity of a glucosido, which, when treated with acids, splits up into 
saliretin and ^ucose (Schutzenberger). 

BAXtMM SOKUTZOirs. , On the Capillarity of Saline Solutions, and its edation 
to their Density^ see pp. 243, 244. 

. On the Electrolysis of Saline Solutions, see Elbctricity (pp; 460-462). 

On the Specific Heat of Saline Solutions, see (pp. 696-601). . 

Minifying PoinU of Saline Solutione,^Xu O. do Coppot (4wn. Ckhn. W* 
866-406; xxr. 602-663; xxvi. 9R-121) has made elalkirate ezperiifiqnts oR^tbe 
lowering of the freezing point and point of maximum density of saline solutions 
below, those of pure water, and has applied the results to the detoxiiMnation 
chemical constitution of solutions. The experiments of Biidmff on the 
of water from saline solutions (iii. 80 ; also Pogg, Ann, esir, 68 i ezyi* 6ft ? 

/. Chem. 1861, 66; 1862, 23) haVe shown that uM denotes the ahkount . of . unm 
salt in iOO pts. of water, ana E the lowering of ths fieeezing l^nt the, sri!!^ 

'helow 0^/the ratio is son^mes oo&BtahVsomeftiin« Incseaies iirjth 
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H ; and, ascmming that, in the former case, the salts ue present in tlie solutions in the 
anhydrous state, and in the second, in combination with a certain number of molecules, 
r, of water of hydration, it follows that if M,. denotes the amount of this hydrate in 

100 pts. of water, the ratio is constant. Do Coppet recognises a third case, in 

M,. 

which ^ decreases with increase of M, and he further finds that in many cases in 

which ^ increases, no value of s* can be found for which the ratio ^ is constant. 

To explain these two aises, De Ooppet supposes that, in the solutions in question, a 
partial decomposition (dissociation) of the Siilt takes phico, in such a manner that in 
many cases the dissociation extends only to the state of hydration of the salt, while in 
others the salt itself is modified by the action of the \rater, so that the solution con- 
tains a mixture of compounds, the proportion between which varies with the concen- 
tration and the temperature. This decomposition of a hydrate dissolv^ in water 
may bo compared with that of a hydrated salt in a limited space filled with aqueous 
vapour (ls< Suppl. 425), the quantity of water combined with a dissolved salt depend- 
ing, not only on the temperature, but likewise on the degree of concentration of the 

^^Dendting by B and D the depressions of the freezing point and of the maximum 
density of a solution, and by M the amount of anhydrous salt in 100 pts. of water, 
Do Coppet draws from the whole of his investigation the following coDclusjons : 

1 If the ratios and are both constant between given limits of pressure and 
'MM . . 

temperature, it may be inferred that between these limits the salt is present m the 
solution in the anhydrous state. 

2. If the ratios — and ^ increase as M increases, the solution will contain at least 

one compound formed at the expense of the solvent. If solutions, between certain 

limits of temperature and concentration, contain only .me hydrate, the 

moloculos r in the latter may be calculated by the foUowing formula established by 

Wu<lorff{iiw “Vi. 62) : loOAQIU'-U'i) 

, 

in which A is the molecular weight of the aalt M..aud W two difftrent quantities of 
tlie dissolved salt, t and i' the corresponding freezing points. 

3. If the ratios as M increases, the salt in the solution has 

“VO 

solution only at its freeaing temperaturo or of De Coppet's 

The following table (p. 1070) exhihite some ot Ae numon^mu ot ^ 
experiments. The second column wntaina the f f-eeane pomt • those hydrates 

drStes which am sunpoeod to ex^ » Ae ,Xisl£ The 

which ate not yet Wn in ti>» of <i. *- 

fourth and fifth columns eahibit the eoe^OTi /^ ^ 1 ,^ 

referred to the unit of wei^t of 5“'“*?“®i,^“ji'‘ioreeule. 

depressions of the freeang point tj,o same molecular group oxliibit 

From this table it Potash and soda are related to 

nearly egwat meXeeutar dtptasu^ V aibdi-metals ; but for 

thegrolp induding the chlorides. ^e thl tolf as great, whence Do 

ammonii the indKular depression i. ^flbrs tom that of sole- 

Coppet inftts that the constituUon of ammomacal soiuiio a 
tions of ^tash and soda. 

As similar relation exis 

“Do“&"Tudced,by coni. 



jueoussbli^ons. .T” „Xl that, 

'“?“i‘)iSL**Jth^alLli-motalsandaUo.^^^^^ 


for each group of the ehlotideet bremoos, ^ fgc a large number of rthor. 
®»rth^netaIo, tat caustio potash and ^ molecular depression of the tem- 

bodies of conssponding femical s. nearly /ew **“«• “ great as tbo 

pemturo of masSiuin^^ of suto^ 

^Isralar freesihg point depr^pn- Fw ^ maximum density, both 

®»whwh thoft!oeiB»gp^Whc^**J^^^mof adegree, at -1-33 • 
^npowtiucoB are sittiatedi within a few nu 
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Vifmiiim af the Fretg'mg Fainia gf Bdiiui Salutiatu. 




Moto- 

cnlar 

wdghfc 

Cocfflclont of 
depnmion A 

Depreteloii 
for 1 molecule 
It « A.A 

Potassium chloride . 

„ bromide . 

1 , iodide 

Sodium chloride . | 

„ bromide 
„ iodide 

Ammonium chloride 

KCl 

KBr 

KI 

NaCl.2n20 

NaC1.3H-0 

NaBr.;tH*0* 

■ NftI.3H»0* 
NH^Ol 

74-6 

119-1 

1600 

04-O 

il2‘A 

1570 

203-1) 

53o 

0-451 

0-202 

0-212 

0-216 

0-170 

U-650. 

33^6 

34- 8 

35- 2 1 

<: 33 8 1 

> 31-4 

33- 0 

34- 7 

34-8 

PoUissium hydrate . 

KH0.2H20 

92 


< 33-0 

Sodium ,, 

NaH0.UH*0 

67 



< 34-1 

Ammonia 

■ 

(NH*)110» 

35 

0-542 

19-0 

Barium chloride 

BaCl*l5H*0* 

478-2 


i> 43-4 

Strontium „ 

SrCP.loIPO* 

4*i8-5 



41-6 

Calcium „ 

CaOP.lfilPO* 1 381 

0-1135 

43-2 

Cupric „ 

CuCl*.12H20* 3r)0-5 

0-127 

44-5 

Manganous „ 

MnCRl21PO* 

342-2 

0-138 

47-2 

Potassium nitrate . 

KNO* 

101 

0-267 

27'0 

Sodium „ 

NaNO=» 

85 

0-310 

26-4 

Potassium carbonate 

K*C0*6H*0* 

216 

0-161 

39-6 

„ chromate 

K*CrO- 

194-6 

0-196 

38-1 

„ sulphate 

KW 

174 

0-201—0-224 

35-0—39-0 

Ammonium „ 

(NH<)W 

132 

0-276 

36-4 1 

Penous sulphate . 

FeS0*.7H*0» 

278 

0-056 

15-3 I 

Zinc „ . ■ . 

ZnSOlTH^O 

287 

0-055 

15-8 I 

Magnesium 

MgS0\7H«0 

246 

0-073 

18-0 

Cupric „ 

c^so^^^*o 

249-5 

0-070 

17-5 


The numbers in the following table afford examples of the above-mentioned decrease 
of the ratio ^ with increase of M. Those distinguished by iin asterisk refer to 


supersaturated solutions. 


Depreation of the Ffeceing Point of Solutwne of.' 


I Sodlom Sulphate 

Sodium Nitrate 

Ammonium Nitrate 

1 M 

E 

VI 

M 

M 

S 

E 

M 

U 

E 

’ E 
* 1 

2 

0-6® 

0-300° 

12 

4-25“ 

0-864* 

2° 

0-83® 

0'416“ ! 

2-03 



20 

6-7 

0-336 

6 


0 406 j 

4 

1-2 

0-300 

— 

6-7 

0-335 

6 

2-4 


4-06 

1-2 

0-295 


9-7 



3-86 

0-385 

5* 

1*4 



12-7 

0-318 

12 

4-66 

0-379 

608^» 

1-46 

0-285 

60 

16-7 

0-314 


6-0 

044fi 

e-09* 

1*7 

0-286 


16-4 

0-308 


9-86 


10 




16-4 

0-308 

— 

9-86 


1016» 

2-7 



18-8 

0-313 

40 

1P76 : 

<^4 

12*2» 

30d. 

0-260 

. — 

18-6 


60 

18*6 

i 

16* 

306 

0-243 

70 

21*66 

0-808 


14*6 . 

O'Sed 

16-2» 

3-66 

0 240 


21-8 

0-811 


IH 

0^248 

20 . 

4-06 

0-33S 

,7“' 

— ■ 
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For Do Goppet’s experimonts on the depression of the freezing point in solution of 
mixed salts^ and for his comparison of his own results with the conclusions arrived at 
Ijy Wiillnor in his Memoir on the Tension of tho Aqueous Vapour from Saline Solu- 
tions (iii. 05), see the original paper {Ann, Chim, Phys. [4], xxvi. 98). 

From experiments by Kiidorfif {Pogg. Ann. cxlv. 690), it appears iliat tho molecular 

decrease of the ratio witli increase of M is most strikingly exhibited in solutions 

o{ silver nifrate^iu which it varies from 0*175® t<» 0*108® between M *= 4 and M *= 62, 
and of acetic acidt in which it decreases from 0*326° to 0*237° between M = 2 and 
H 62. 

Contraction .accompanying the Solution of Salts . — The following ob- 
servations on this phenomenon havo been made by Valsou {Compt. rend. Ixxiii, 1376). 
I'or vciy soluble salts the contraction continually diminislios down to an imperceptible 
amount, as the contraction approaches its maximum. 

With regard to strength of contraction, the substances examined form tho following 
series: — 1. According to the metalldidal radicles'. Carbonates, sulphates, clilorides, 
nitrates, iodides. 2. According to tho metallic radicle : Iron, zinc, copper, magnesium, 
strontium, barium, calcium, sodium, lead, potassium, ammonium. Hydrated salts 
exhibit a much smaller coefficient of contraction than the corrosi)onding anhydrous 
salts, and the contraction is smaller tho greater tho number of molecules of water of 
crystallisation. Hence tho chief -part of the contraction appears \o bo completed iu 
tho formation of the crystal itself with tho first molecule of crystallisation-water which 
the anhydrous salt takes up. Amongst anh^'drous salts, those which crystallise appeiir 
to havo tho smallest coefficients of contraction. On tho other hand, the number of 
molecules of crystallisation- water is greater as tho coefficient of contraction referred 
to tho anhydrous salt is higher. (See also pp. 293-304.) 

Solubility and Density of Solutions of Potassium and Sodium Salts. 
—Pago 0. Keightley (Chan. Soc. J. [2], x. 666) have determined tho density and 
sjiliuo contents of saturated solutions of the chloride, nitrate, and sulphat e of potassium 
and of tho nitrate and chloride of sodium at 15*6® ; also tho density of each ot the.so 
salts in the solid state at 16*6°, and the solubility of each in prcsonco of 
the others. The solutions were prepared at tho constant temperature ol 16-6 . v\ neu 
two numbers are attached in tho following table to the same salt, tho second refers to 
a solution saturated at 100® and cooled to 16*6®. 

Solubility and Specie Gravity at 15*6®^ 


Salt 


NaCl. 

KCl 

NaNO* 

KNO» 


Amount of Salt 


in 100 ptg. of 
saturated Bolutlon 


26*24 

26*61 

24*74 

24*84 

46*71 

45*86 

20*66 

20*82 

8'48 


to 100 ptp. 
of water 


86*76 

36*26 

32*88 

33-06 

84*21 

84*69 

26*04 

26*30 

9*26 


Amount of 
water to 
1 pt. of Balt 


of tho sBtiimtod 
solution 


2*79 

2*75 

3*04 

3*02 

1*18 

1*18 

3*84 

3*80 

10*79 


Sl)ccitic gravity 


1204*03 

1200-93 

1171-10 

1171S2 

1137*81 

1378-43 

1141*23 

1142-26 

1176*84 


of the 
salt 


\ 2*00 
2*24 
^ 1*90 

!• 2*07 


Decomposition by 5*0*^20^1/30^' xxv!'!^ 

Tidibomo, Chem,NevfS, xxiy. 128, 199, i09, 23 » ^ chrome-alum, ammoma-iron 

tions of ferric chloride, feme sulphate, 



aqueous solutions, the-jferric salto i,elow tho boiling point, a pro- 

^iwlly becom, daiker, pre«nire, or in very dUnto 

eipiteteof a basio «lt; vbila ®*.^®^^g^7iibydroiis ferric oxid® may ^ formed, 
^lutions eyen^ nd eg ordinary tl«t tbo point .of 



leg ordinary circumstances, ann^TO . ^ dccomposi- 
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Sdubility <{/ Mixed Salts at 15*6^, and Specific Graviit/ of the Sotiitions. 



Quantity of Salt | 





Spooifle gravity 
of the solution 

Mixture of Salts 

ill lOi) fits, of 

to 100 pts. of 1 



solution 

water ! 

I 



(KGl 

9*62 

13*92 ! 

; 1288-74 


NaCl 

21*21 

80*65 : 


IKNO* 

15*29 

34*63 

; ■ 1478-22 


KuKO* 

40*39 

91*16 


K=NO* 

18*79 

32*32 

* 1330*92 


NaCl 

23*03 

39*57 


K»SO* 

4*99 

7-19 I 

1 1241*61 

\ 

NaCl 

20*52 

36*71 

j 

KCl 

NaCl 

0*82 

22*51 

1*39 

3858 

1 1329*74 


KNO* 

18*33 

31*44 


'NaCl i 

1 12*65 1 

26*44 

) 


NaNO* i 

1 25*68 ! 

53*68 

1438*63 


^KNO“ 

1 13*83 

28*92 

) 


K^SO* 

3*19 

4*69 1 

) 


KCl 

6*88 

1011 

[ 1250*42 


NaCl ! 

21*88 

3215 

J 


Solutions of hydrated salts of cobalt, co]^icr, and nicld gave the following results:— 
Neutral aqueous solutions of the chlorides, ejf. the light Tosc-colourcd solutions of 
cobalt chloride, do not change c<duu¥ when boiled under ordinary atmospheric prossnro. 
But in every case in which a diffurence of colour is observed betw'coD the dry and the 
hydrated salt, the dohydration may bo brought about by incroasing the pressure. Of 
the greatest importanco is tho observed oj^posite influence of dilution on salts wdiicli 
decompose, liko ferric and chromic salts, with formation of a basic salt^ and of those 
which merely snffir dehydration. In the fomcr the temperature of decomposition 
is lowered by dilution, in tho latter it is raised, as shown by the following table: 


Dooomposition of Ferric Chloride, with 

separation of bnso | 

! 

Decomposition of Cobalt Chloride, with 

separation of bydratlon-water | 

Feroentageof 
Hydrated Salt 
in the BolutiouB 

Temperature 

of 

decomposition 

j 

Colour 1 
! 

Dcroentageof 
Hydrated Salt 
iu the solutiouB 

TerDpemturo 

of 

decomposition 

Colour 

60 

aboTo 100^ 

— 

50 

5 00° 

i 100 

altered : 
blue 

10 

» 04 

— 

26 

86 

135 

altered 

blue 

5 

M 82 

— 

10 

; 180 1 
i 207 

altered 

blue 


Tho decomposition by heat of certain ammonia salts and acetates in aqueous solution 
has boon investigated by H. C. Bibbits (Dent, Ckem, Ges, Ber. v. 820)* The ammonin 
salts named in the fullou'ing table give ammonia at ordinary temperatiures, 
as at the boiling points of their solutions ; a solution of the acetate, thzoug^ 
stream of hydrogen was fmssed, gave off ammonia even at 0®. The quanttey of jW® 
ammonia in the distillate is proportional to the concentration of the solution. ^ 
proportions of the several sails thus decomposed in solution are given in thtffouw®e 
Ubie:’ 

0*062 


Sodium acetate 0*14 p.c. at 100-102* 


Bortum 

Lead 

Silter 


0064 

50 

0-72 


„ 100-101*5 
100 
too 


Ammonium chloride 
„ nitrate 


0:072 
sulphate I'i ■ 
ox«ete•; :■ 6'7 ' 
acetate T 7-0. : 
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In the case of the chloride and acetate of ammonium^ %rliiGh give off add aa ‘wdl as 
ammonia, these numbers must bo regarded only oe maxima. 

For Fttvre a. Valson's exporimonts on the Dissociation of Crystallised Salts in Solu- 
tion, see Chemical Action (pp. 292-304). 

For Bortliolot’s exporimonts on tho state of Acid Salts in Solution, and on tlio 
Division of a Iwise in Solution between two Acids, see pp. 286-290. 

Suferaaturated Saline Solutions . — ^These solutions aro usually prepared by 
loaring a solution saturated while hot to cool in a vessel in which it is protected from 
the dust of the wr. De Coppet (Cmipi. rend. Ixxiii. 1324) finds that a supersatuTated 
solution of sodium sulphate is formed when anhydrous sodium sulphate previously 
heated above 33°, and cooled out of contact with tho dust of tho air, is dissolved in cold 
water, tho salt being added by small quantities at a time to prevent any cousiderablo 
rise of temperature. By operating in this manner, water may be made to take up a 
quantity of sodium sulphate five times as great as tliat wiiicli is contained in a solution 
of the hydrate, Na^SOMOlDO, saturated at the ordinary tomporuture. 

In like manner supersaturated solutions of sodinm carbonate nml magnesium sidjihaie 
may be prepared without heating, by tho use of anhydrous sodium ciirbonate and par- 
tially deliydrated magnesium sulphate. 

Oil tho'^ causes which determine tho separation of salts from supersaturated solu- 
tions, soo Tomlinson (Proc. Hoy. Soa. xn. 403; xviii. 633, ,536; xx. 41, 109,342; 
PhU. Mag. [4J, xxxvi. 222; xl. 221, 224, 295 ; xliv. 243 ; Chem. Soc. J. [2], vii. 125 ; 
X. 284, 784; xi. 720; Jahresb. f. Chem. 1,S68, 43; 1870, 44; 1871, 36; 1872, 20), 
Crornez (^Coinpt. rend. Ixxv. 1705 ; Jahresh. 1872, 20 ; Chtoi. J. [2], xi. 720), Van 
der Meusbruggho {Conipt. rend. Ixxvi. 45; 67/m. Soc. tT^. [2], xi. 721). Liversidgo 
\chem. Afewa, xxii. 90 ; Proc. Hoy. Soc. xx. 497; CJicrti. Soc. J. [2J, xi. 469). 

ACXD. This name was given by Kolbo a. Lautomaiin to a supposed 
isomorido of benzoic acid, tho existence of which has, however, not been satisfactorily 


^^Thotamo^namifia applied by G. Stadoler (Ann. Ch. Pharm. S7ippl. vii. 159) to two 
acids, distinguished ns a and /i, derived from salicylol, C»1I®0*, by addition of the 


elements of water. , , ^ x j • 

AVheu salicylol which had stood for twelve years under water, was treated in the 
dry state with sodium-amalgam, the mass dissolved in water, tho solution satumtod 
witli carbonic iicid, tho saligeniii thoreby piwiucod dissolveil out with 1"“ ^ 
soda solution evaporatod to dryness, tho residue yielded to alcohol a soilium ealt 
which sulphuric acid separated an oily acid soluble in hot water and sowaliiig there- 
from in ^11 crystals. This acid, called by Stedolra- 

THretion C«H«0» = 3C'H*0' + 2H*0. It is sparingly soluble in cold watei, easily 


ndely radiating crysinis are uuLn.iiirM. Tim fipid annoars to bo 

.icjiuiroa n fine violet colour on i^obtaining its neural salts. 

tnW. but there “PP^”*“,^J?^^®^*^,?BldXulysaligonfn, without a trace of 

oitetLriC’tet lirfto 

in the enlicylol, which hod the case for on Stesolvingthe salii^lol 

oftheBodium-amalgom; and this proved to te the c^, Mono B 

in soda, saturating ® ^ 

crvstallisation. mo one wincii ^ 


owmeier a-saiyiio »ciu, -mall nuantitv : so that w sooihb 

tunes shortened into xhombio or ‘ .J? when hcatodalone pves^ 

ewily in alcohol and ether, melte to an oil y coloured byforriochlonde. 

vapours wBicheicite coughing I*® tolbtain. He silver *«lt 

It appears to be biboaic, but 3ie ly i^ble in cold water, and contain, 

crystallises in small colourloss needles, span g y rtoi««ifttion. 
ing 42-78 p.c; siWer instead of 46:38. as r^mred by calculatiom ^ 

An attempt t6 prepare the two wide above < 
did not }ield definite xeenlts. 


fieeTyn?AUTM> 

The terpenef^m eider oU. 

2fkiW 
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SAJrilASBi or BAWTAXi WdOD OX&. By doBtroying theoxidisecVcoiistituonb 

of this oil with Rodium, a Binall quantity of a hydrocarbon, is Rcparatod, rnthei* 

viscid, slightly soluble in alcohol, hainng n density of 0-9190, and a refroctivo index 
M 1'4867 for the line A. (Gladstone, Chem, 8oe, J. [2], x. 6). 

SASrXIBia&OfiKXTSm From the analysis of this fahl-oro by Mohibacli (]«^ 8 up 2 ^. 
1012) Kenngott calculates that if Cu'S be Bcparated from BS, the mineral may bo 
represented by the formula, 2(4Cu^S.ItS‘) + (Jahrbwhfur Mineraloffiej 1871, 

170). 


flAKTOMTZC ACSD, (Cannizzaro a. Sestini, Gassetta chmiica italiam, 

iii. 241). This acid is formed by the prolonged action of hot alkaline solutions on snn' 
tonin. 50 grams of ciystallised santonin nro gradually added, with agitation, to 500 
grams of a boiling solution of barium hydrate, whereupon a white amorphous mass is 
deposited, consisting of the barium salt of santonin {barium santoniie or santonimte). 
The liquid with tho precipitate is boiled for about 12 hours in a flask, with 
roversod condenser, whereby tho saiitoniro is gr.'idiially converged into santoimtu, which 
dissolves, tho liquid acquiring a yellow colour. Into this yellow solution, nftep corjl- 
ing (and dilution with water, if barium hydmte has crystallised out), a stream of car* 
houic anhydride is passed as long as a precipitate is formed ; tho liquid is hented, 
filtered, and mixed with sulphuric acid, which precipitates hanuni sulphate, together 
witli tho greater part of the Sivutonic acid ; and tlie precipitate is collected on a filter, 
washed, dried, and treated with alcohol, which dissolves tho santonic acid, together 
with n small quantity of yellow r(>sinous matter. The .alcoholic solutionis evaporated, 
the residue treated with other, and tho resulting ethereal solution filtered iina evapo- 
rated, whereupon it deposits santonic acid in fine largo crystals, which have a faint 
yellowish colour, but may bo obtained perfectly colourless by one or two fractional 
crystallisations from ether. X^or complete pnrillc4‘ition tho product must bo fiirthor 
crystallised by coolii’g from alcohol diluted with an equal bulk of water. 

Santonic acid is colourless, and is iiotaflP^ctcd by the solar rays, which quickly tiim 
santonin yellow. It is slightly soluble in cold water (100 pts. water at 17° diKsolvo 
O' 559 pt.); more soluble in liot water, from which it soparates in prismatic mystnls; 
vei^ soluble in ether, still more in alcohol ; moderately soluble also in chloroform litiiI 
glacial acetic acid, very sparingljr in carbon sulphide. 

The crystals of santonic acid aro orthorhombic, exhibiting tho combination, 
Poo .Poo ,0P, the macrodome generally ppodoininating, A xes, (i:b:o = 0* 1589 : 1 ; 0*651 1 ; 
angle OP : Poo « 114° 39'; OP : Pco =123° 12'. Cleavage easy parallel to tho 
faces Poo . 

Santonic acid molts at 1G1°-1G3° (santonin at 170°), to a colourless liquid, which 
crystallises to a white mass on cooling, but often exhibits tho phoiiomcnou of supei- 
fusioQ. Fused santonic acid imdergoos alteration at a temperature not exceeding 170°, 
turning brown, and giving off an odour like Umfc of sorao of the pyrogenous products of 
santonin. With alcohol and caustic potash, it does not give tho fine violet-red colour 
which is characteristic of santonin. 


Sanlonates . — Santonic acid has a verv decided .acid reaction, and dooomposcs carbo- 
nates with brisk cfforvescenco when tlio solution is heated with them. It is mono- 
basic. The sodium salt^ separates from a solution concentrated to. a syrup 

and placed over sulphuric acid, as an amorphous, transparent, or vitreous mass, having 
a Hunt straw-yellow colour ; hut by open evaporation over the wntor-liath, it is 
obtained in radiate or stellar groups of needles. It is deliquescent, very liable in 
water and in alcohol ; soluble also in oilier coiiteiiuing alcohol. Tho 
C“H®AgO*, obtained by precipitating tho barium salt with silver nitrate, is white, but 
alters on. exposure to light. It may bo washed on a filter with cold water, in whie^ 
however, it dissolves somewhat freely. Tho barium salt, (C**H*0'')*Ba, is reiy wluble 
in prater, hut may bo obtained in crystals by evaporating its concentrated JQlilbon 
over sulphuric acid. It is not precipitated from its aqueous solution by Akchol; but 
on adding a mixtiure of alcohol with a little other to its concentrated nqueotts 
it separates in delicate needle-shaped ci^st^s which remain for a long timh wepes^ 
in the liquid. - .' -j 

H. Hvosl6f(2^f. Chem. Ges.Ber.vi. 1471) states that he prepared sanhmic Mia 
by the same process as Cannizzaro a. Sestini, as long ago as 1868. Hg jgiyes 
formula and basicity for the acid, but finds Ijiat it melts at 171^- ' ^ 

The santonotes of . the heavy metals are, according to Hyqidef^ for 
soluble in boilmg alcohol, and the solutions when obded yi^d g^atincsuin^^ 

gr ndi^ally prystaUise, ' 

The frirther iM^iqn of baiyta on the solution from which 
preeipithted hy hydroehlorio acid yields two bodies, one if whiohis'r'^^ 

Santoide aedd 'mndd therefore seem to he a glneeside 
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SAWTOmr« C**H”0*, JkUoivm in Urine. — ^W. &. Smith (Tharm. J, Trans. [3], . 
i. fi28)t finds that tho iirino of a person \rho has taken santonin acquires a greenish- 
yellow colour, iiiimodiately changed to red by alkcdis. Tho groonish-yellow colour, 
which sometimes approaches to a light saffron -yellow, is most easily observed by look- 
inff obliquely along tho surfoco of the liquid. The reddening is produced by potash, 

ish. With 
ng bile. A 

small quanii&y or mu'io iiciu proauecs lu ic a cransicnt purpio-reu euiuui: ; sTilplmric 
acid a rod-brown colour, gradually changing to a darker brown. This reaction must 
be borne in mind in testing urine for bile. Tho reaction with alkali is so distinct, 
that santonin may with certainty ho detected by it in tho urine from 10 to 50 minutes 
after it has been swallowed. After a doso of 0 to 10 grains, tho reaction was still 
perceptible after two days. Tho red liquid examined by tho spectroscope showed that 
the red, orange and yellow rays wero transmitted, whilst tho blue end of tlio .sjjectrum 
was absorbed. lu very dilute solutions, the middle rays only w'cro absorbed, tho red 
and blue being transmitted. 

Tho red colouring-matter may bo isolated by lead acetate, and appears to be 
moderately permanent. It unites with basic lead iicelato, and forms a brown precipi- 
tate with iron sjilts. It appeared, therefore, probable that the subsUinco was a wcnlt 
jicid, formed by oxidation of santonin; and, indeed, by heating santonin with nitric 
acid, a greenish-yellow liquid is formed, which, when troatod with an alkali, imme- 
diately acquires au orange-red colour, exactly like that which is produced by similar 
means in urine after ingestion of santonin. This colouring matter, however, is not 
identical with that separated from the urine, inasmuch as its solution is not precipi- 
tated by acetate of lead. 

8antonites.-‘n\\H name is applied by Cannizzaro ^ 

iialiana, iii. 241) to tho motiillic derivatives of santonin, C* H RO , originally ^lled 
santonaies by Heldt, who first examined them (v. 190). Thoy are really salts of^ 
santoninic acid, and should therefore Im caUod Bantoiiinatos. tt.IiI*- 

Cannizzaro a. Sestini find that when sodium santomte, which, according to Heldt, 
contains four moloeules of crystallisation-water, is heated above 100 , it is 
by assimilation of tho olomente of one molecule of water, partly into santonate, partly 
into a substanco having a red colour changing to brown, . * ■ 

SantonmBro^nide, C'H-H«0»I3r-’, is formed on adding bromine to a solution 
in tromino. or in glacial Bcotic acid. It b l-ost - i « • 216)' 

vent, tho bromine being added in molecular pi-oport.on (IJi- C»H 0 

a press, and finally dried over sulphnnc acid or sticl P * a 

This compound dissolves with red colour in oth quickly alters, yielding 

faint odour of bromine, absorbs water substance!^ When heated in tho 

hydrogen bromide and a turns brown and gives off largo 

water-bath, it first gives off bromine, iator it gives’ up its bromine in a 

quantities of hydrogen bromide. In rpjj^ elution is decolorised by 

few seconds, colouring the water possessing all Hie 

potash, with formation Of hydrohromic acid, and a wmto leei p 

properties of santonin. , . - a tb« red compound is a hromiuatod 

Prom these reactions it mivy be inferred the diffi^lty of purifying it, tho 

addition-product of santonin, dogely with tho formula, 

numbers obtained by analysis do not agree ? Quantity of 39’41). 

(36-24 and 35‘42 p.c, bromine, instead of the f Vater and sodium- 

Action ef Nascent HyArogm^ W a strongly allmlme 

amalgam containing S p.c. sodium, ^ yy dilute sulphuric acid, yields a 

liquid, whicli whon^troatod, after cooling, ^h vtry diime ^ 
white flocculent precipitate, which may he wliod witu coi 

between paper, arid finally over sulphuric amd. . alcohol, sp'iringly in water. 

This vSite substance is soluble inethOT.v V ^ yellow colow and 

and separates ftom these somewhat viscid; at 100 it turns 

resinous aspect. Between 80® and 00® it beco^^^ cpolmg; 

yellow, and may be drawn out into Towards 120® ib gires off 

between 107® and 109® it exhibits signs ^ leo® a few drops of an Mid 

jbshtly acid Water, small quantity of oily 

hauid nH^to ; dissolved in ghwial acetic acid and 

i to ri Wbite copbng. wnen 
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treated with bapomine, it gives off hydrobromic add, evon when the' liquid ie cooled 
and does not yield any ciystallino compound. This reaction indicates that it contains 
more hydrogen than santonin; that, in foct, it is a hydrosantonin; a view which 
accords with its mode of formation. It has not; however, been obtained in a state fit 
for analysis. It forms crystalline compounds with alkalis and alkaline earths 
(Cannizzaro a. Sostini, loe, ctL) 

SA^OWXXrXC AGXB, CWH*0« (O. Hesse, J)gut. Chem, Ges, Bcr, vi. 1280) 
This acid, of which santonin is the anhydride, is isomeric with santonie acid. The 
so-called santonitos are its salts, and it maybe Qbtaincd in the frcio state by adding an 
excess of dilute hydrochloric acid to a cold aqueous solution of the sodium salt, ami 
^ at once shaking the milky liquid with other (at higher tomporatures santonie add is 
formed). From the etherofil solution granular crystals soon separate out, which may be 
recrystallised from alcohol. 

Santoninic acid forms white, rhombic crystals, which arc not coloured yellow by 
exposure to light. It is sparingly soluble in cold water, more freely in boiling water 
and readily in alcohol, but not very freely in other. Its aqueous solution Ims a 
strongly acid reaction, and when hot, decomposes the carbonates of sodium and calcium. 
The saiitoninates have an alkaline reaction, and are not coIourc>d red by alcoholic potash! 
Wlicn the acid is heated to 120®, it i.s resolved into santonin and water; the winm 
decomposition is produced by adding sulphuric acid to its aqueous soluticn ; hydro- 
chloric acts in the cold in a similar way, but more slowly, while by adding either of 
these acids to a hot solution of a salt, santonin is at once precipitated. 

BAVTOlVOXif (L. Saiut-Miirtin, CompU rend. Ixxv. 1190). A monato- 

mic phenpl obtained from santonin. When one part of sanlxiiiinand four parts of zinc 
are heated in a current of hydrogen, a brownish-yellow liquid is obtained, in which, 
after some days, needlc-sluiped cry.stals begin to form. These are purified by distilla- 
tion at 360®, when two isoineri.c bodies neutral to litmus aro obtained, the one 
crystalline and the other liquid, to both of which the name of santonot is given. 
CryatalHne santonal is similar in appearance to stearin, and melts at 136®. It is in- 
soluble in water, and very soluble in alcohol or ether. Sulphuric acid forms witli it a 
nqlpho-comugatcd acid, the Ixirium salt of which is soluble. Santonol di.ssolvos when 
it is mixed with a moderate quantity of potash solution, but a largo excess of potash 
gives rise to potassium santonolatCf whicli is an oil yielding santonol on treatment u ith 
an acid. 

Jjtquid santonol 19 very changeable on exposure to air. Like the solid, with which 
it is saturated, it is insoluble in water, but soluble in alcohol or other. 

SAPPAWXWt C*“H*®0* (J. Schreder, Deut. Chem, Ges. Ber. v. 672). A cp-stal- 
lieable substance, obtained, together with resorcin and a little pyi*ocatccbin, by fusingt ho 
commercial extract of sapan wood with caustic soda. It is nearly -insoluble in cold 
water, and separates readily from solution in hot winter in crystals containing 
q»H>® 0^.2H^O. Ily rocrystallisation or by keeping in well-closed vessels, it acquires 
> faint red colour which is not removed by animal charcoal, but completely by zinc 
and sulphuric acid. SapxMinin has no well-marked characteristics; it is neutral, 
soluble in alcohol, ether, and boiling water, and insoluble in chloroform, carl^n 
sulpliido, and benzene ; it gives (in aqueous solution) a deep cherry-red colour with 
ferric chloride, and a dark grass green, sorm becoming brown, with alkaline hyi>o- 
chlorites ; bromine- water colours the liquid Ibrowi}, and when added in excess causos 
resinous brown-block flakes to separate. Lead acetate gives a yellowish-white^ 
cipitate which becomes coloured and decomposed on drying. Ammoniacal silver* 
solution and Fehling's copj^r-eolution aro reduced on warming. Sappanin distils for 
the most part unaltered; nitric acid conTcrte it into styphnic add; melting canstio 
potash and nascent hydrogen produce no change. 

Acetyl chloride acts re^ilv on sa^anin at ordinary temperatures, giving a nrodnet 
whi<^ IS crystallisable from not alcohol, and hardly soluble in water ; this substaDM 
gives nb colour with ferric chloride or hypochlorites, and appears to be te trace ty I* 
sappanin* 

The pi&dnetion of styphnic add shows that sappanin is a resordn-dezivative 
2CWO* - H» 

It if perhaps related to xesordn in the same manner as diphenyl. ta beoMM : 

0*H* 0«H»(OH)« . ! 

I?® l5*Hf(OH)V ' i V 

■■ • WphOTjl . ■ ■ ,-.flSppanittr ; - 

base is fbmed 
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Wlien asNine is fresh chlorine-watejr and a trace of nitric acid till the 

evolution Of gas -which takes place atj first has slackened, and the liquid is tlien 
evaporated on the water^iath, a residue is obtained which, when exposed under a bell- 
jar to an atmosphere containing ammonia, acquires a dark rose-red colour. 


BAACOXAOTXC ACXO. See Lactic Acid (p. 719). 

BAHCOBXirB. Ileaction in the Animal 0/grrt«M;«.~Wlien to a well-fed dog 
there was given, in addition to his ordinary food, a quantity of sarcosine containing 
nitrogen equal in amount to that whicli was daily excreted in the iiriiie, the urea and 
uric acid disappeared completely from tlie urine, and instead of them, there were 
obtained ’• (1) splendid transparent, colourless, tabular crystals of a body linviug the 

composition H*NCO — N ^ having tho two hydrogen- 

atoms attached, to one of its nitrogen-atoms replaced by methyl and acetoxyl, or 
sarcosine having a carbamic acid residue athichcd to its nitrogen; (2) An acid, 

H*NSO®.N I QH-.»( 3 Q 2 jj » formed by tho combination of sulpliamic acid and sarcosine, 
with elimination of water. 

The formation of those substances may perhaps be explained as follows; — 1. Tho 
sarcosine, in its passage through the animal orgsmisin, nicets with tho carbamic .acid 
group, uiid unites therewith, with elimination of water, to form the substituted urea. 
If ammonia were to como in contact with this group, oi-dinary urea would bo formed 
instead of sarcosine. 2. The sulphuretted acid above mentioned is formed by tho union 
of tho sarcosine with sulphuric acid. Under normal circumstances, tho sulpliamic 
acid pre-existing in the albumin yields sulphuric acid and ammonia, tJio latter of 
which unites with carbamic acid to form urea. Other bodies ore formed at the same 
timo (O. Schultzon, Dcut, Chenu Ges. Bcr. v. 678). 

SCABO&ZTXS. A greenish-white translucent mineral from Attleborough, Bucks 
Oo., Pcnnsylyania, has beou recognised by Leeds {Chem. Acww, xxii. 73) as Scapolito 
(Nebergito). It occurs in granular limestone in imperfectly dovoloped crystals, toge- 
ther with pyroxene, graphite, spheuo, 'and phlogopito. Analysis gave : 


SiO* 

47-47 


A1»0* 

27*61 


Fo^O* MgO CaO Nii’O K»0 Tt*0 

trace 1*20 17*59 3-06 1-40 1-48 = 90-61. 

BCBBBXiXXBa A monograph cm the morphological and piiragonotic relations of 
this mineral lias been published by Max Bauer {Vogg. Ann. cxliii. 452; abstr. Jahrb. 
f. Minertdogie, 1871. 879 ; Jahreab.f. C%m. 1871, UC9). ^ k t 

Tho occuiTenco of scheelito at Uomodossola in Piedmont is described by Le Novo 
Poster {^Jdhrb,, f Mineralogies 1870, 233). 

SCOXiBZXTB. Kenngott {ibid, 430) has examined the bcha\dour of Icelandic 
Molraito irith acids. Tho powdoft which lus » very faint alWinc Toacbon, for™ B 
jolly witli hydrochloric, nitric, and sulphuric acids, and with tho last-mcnUonod acid, 

“X^ffi8W2"found in scolosito occurring in white divorgont needlo. 
in the diabase porphyry of Luuddorrsfjall in Sw'edcn : 

airk> A1*0* CaO H”C 

<6-M M-75 lS-00 13-30 • 100'61. 

Saa-WAnm. On the estimation of Carbonic acid in sea-water, see p. 661. 

On the detection of Gold in seo-water, see p. 674. 

On the detection and estimation of Iodine in sea-water, see p. 670. 

BHBXa or SBaAOXO Aonl. On tho formation of Cetyl Alcohol by the distil- 
lation of this alcohol with eauStie baryta, see p. 277. % i 

8IWVW. The Biting Stonecrop ^ 

K Mvlin* (AnA Pkarm 181. i. 07). The dried and powderad plant, troaiea bu^ 

sively with ether, alcohol, cold, hot, and acidulatod water,^iddo^ a Uculior 

Phyll, and other vegetable n»««™-'"*>?V,“i.,ta*'”The’SrVboili^ with 
alkaloid, amorphous, and forming very soluble .Ikalino cuprio solution, 

dilute add. yielded morcetin and a sugar whicli reduced an ^imo cupnc w 

Sedim enhartim oontrins, and^l min^ matter. 

87-81 p.c. water and vdptile matter, 7-76 oiganie matter, ana 8 n 

»*■■***••**■• as iSrachelito 

736) to a mihotal frdm Bichmond in \iclOTa, fom HersdioUte in 

(.Jahrta.- /. CKtik^ 1870, 1301 .„.„p«irion (iij. 160J. 
“ystaUine fowl, bat dObW ftom it considerably in chemical composiHe v 
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An analjns by Kerl gave the values A, which 3auer. refers to the fiffimiii. 
J2(2?^a*0.2Al«0*.7Si0> + 12H»0> • ■ , ■» « WMmuUi 

}6(2CaO.2Al*0».7SiO» + i2H»0 { * 


810« 

A1*0* 

CaO 

Na"0 

IPO 

BW) 


437 

21*8 

8*6 

3*5 

trace 

22*2 » 

99- 

43'6 

21*6 

8*6 

37 

— 

22-6 a 

100 


Konngott designates the same mineral as Levyti. 

8ZSBBS. On the effect of various substances in promoting or retarding the Ger- 
mination of seeds, see A. V'ogel {N^. Rep. Pkarm. xx. 132 ; Ckem. Soc. J. [2], ix. 748). 

On the influence of Germination on the amount of b'at in seeds, see A. Miinte (Ann 
Ckim. PltTfS. xxii. 472 ; Chan. 8oc. J. [2], ix. 1207); olso A. Vogel (N. Rep. Pharm 
XX. 693 ; Ckem. Soc. J. [2], x. 317). m. 

On the percentage of Fat in Oil-seeds, see p. 506 of this volume. 

Apparatus for tho Extraction of Oil from seeds : see II. Vohl (Dingl. pot. J. cci. I71 ). 

saXhaiOXTB. A dark-coloured micaceous volcanic rock from Monte Catini. It 
occurs imbefldod in mica, has a specific granty of 2789, iiardness 4-5, and contains ; 
SiO* A1*0» FeO MgO CaO Na"0 K*0 P"0* 

44*5 17 37‘3 1*4 14-0 truce 1*1 100 

(E. Bcchi, Sill. Am. J. [4], xlix. 401). 

BEZiElirzOTBlTHXOiarZG ACZD, H^SeS’OB. Sec Trithionic Acid, under 
Sulphur. , 

taBXiBirZTB. On the ciysCalllno form of this niiueral, boo F. Schrauf (Jahrh.f. 
Miiuraiogie^ 1871, 881). 

SSMSrxoVAZiZItABBfiBTBE, See VAumALUKUYnH. 

aSEEmunS. Occurrence. — Ch. Violctto {Compt. nnd. Ixx. 729) has found 
selenium in copper, probably from Chile. To detect tho selenium tho copper was 
oxidised Jn a muffle, and tlic oxide, heated to Tcdness iu a tube, tvms subjected for 
several hours to a slreani of pure dry air, Tho selenium was then deposited on the 
colder part’of the tube in tho form of a white ring of seleuious oxide. 

The occurrence of selenium iu sulphuric acid preparcil from sclcnifcrous pyrites is 
described by J. Fcrsoniic [tOui. Ixxiv. 1109), I*‘imy (ibid. 1286), and Sclieurer-KcsUior 
(Und. 1286); sco also Chein. Soc. J. [2], x. 595. 

On tho Kefractiou and Dispersion of scleniuni, see Lioht (p. 741). 
Abjorpiwn-spectrum . — When sclonium is lioatcrl in a porcelain tube by a series of 
gas jets, whilst a ray of white light is passed through tho tube, tho spectrum is found 
to bo gradually extinguished from the violet up to tho red, without any appearance of 
black lines; on raising tlie tomperatiiro considorably. the spectrum becomes brighter, 
and bundles of black lines appear, furrowing the blue and rioleL This spoctrum 
resembles that c)f selonious anhydride, but as it w-ns obtained in an atmosphere of dry 
carbonic anhydride, the formation of selonious aubyilride is impossible. 

Vapour of sdenious chloride gives an absorption-spectrum of linos which extend from 
tho green to the violet. 

Vapour of selaiiovs bromide produces a system of linos almost equidistant when 
observed in a thickness of 10 centimeters (Gernez, 0>mpU rend. Ixx. 1100). 

On tho spectrum of selenium, sco farther, SnJet {Compt. rend. Intii. 1145 ; 

Soc. J. [2], ix. 1145), and Ditto {Cempt. rend, IxxiiL 622; Chem. Soo. J, [2]i 
1146). 

Action of Light w the Electric Resistance of The electric oonducti^y of 

cmtalUne soleuiuih varies with the degree of light to which it is exposed. 4 har of 
aeleaitiin having boon eiiclosed in a box and the r^istanco measu^ 
mimer, oh opening tho box suddenly, nnd exposing the soLenioxa to daylightf tote ^ 
sistancefcll instantaneously and considerably; on exposing it in like 
sunshine, the resistance was so greatly diminished that it was less hy phe^hali 
tho measurement taken in darkness. ^ 

The bar was also exposed to tho rays of the solar spoetrom suoeessiyel^. TwW 
resistance was observed in the extreme red rays, and the greatest ill thj , 
bine rays;. it will be noticed, thorefore, that the low of the 
nearly coinrident with the point of minimum resistaiiee. ; ; ■ 

The spectmin erf the electric light produced a very feeble ei&eti 
W«ce idehti^vndth; those pr^ by the solar spw^nm. 

This viriafcfah in the wWtdc aBemstence (ff selenium ii not d 
temjetotiilesrf^ R.E., l¥oc. ' ■■ 
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On tho Hoat of Ooznbinatiou of Selonium 'with Oxygen and Hydrogen, see Hbat 
(pp. 613, 616). 

On the Heat of Neutralisation of Selcnious and Selonic acids, sec lJS^ Buppl, 1086. 

Chloridea (Michaclis, Jenaiache Zeitschr, vi. 86). When selcmous anhydride is 
placed in contact "Nvith phosphorus peutachloride, great heat is evolved, and the mass 
gradually liquefies ; but if further heated it again becomes solid. The first reaction is 
analogous to that of the pontachlorido on sulphurous anhydride, the products being 
selenium oxychloride or solenyl chloride, aud phosphoryl chloride: 

ScO* + PCI* =» POCl» + SoOCP; 


and tlio phosphoryl chloride then acts further on tho solenyl chloride, forming phos<* 
phoric anhydride and selenium tetrachloride : 

3ScOCI* + 2POCP = I»0* + 3SeCK 

This last reaction is in fact produced when selenyl chloride is directly heated with 
phosphor}'! chloride. The action of phosphorus pontachlorido on solenious anhy- 
dride atfords a quick and easy method of preparing tho tetrachloride of selenium. 

Seleiiyl chloride boils at 179'5° (corr.), not at 220®, as stated by Weber (v. 233), and 
solidifies below 0® to a colourless ciysUillinc mass, which begins to melt at 10®. Sp. gr. 
» 2-443 at 13®. 

Ammonia acts on solenyl chloride according to tho equation : 

GSoOCl* + IGNH" - 3ScO* + 3Se + 4N + 12NII*C1. 

Wlion phosphorus trichloride is added by drops to sclonyl chloride in n cooled tosboI, 
solcniuui tetrachloride crysbiUises oht, and diselonium dichlorido is formed at tho same 
time, tho liquid turning red : 

aSeOCP + 3PC1> = SeCP -t* Se*Cl* + 3PCPO. 


BydrldOa Hydrogen Selenide, Sclcnkydrie acirf, H*Se. Fonnation and ^emnpoa- 
ition , — Hautcfeuille showed (^Oowpt„ rcnd» Ixiv. 608) that selenium and hydrogen 
unite directly at about 440®. ' According to A, Ditto {ibid. Ixxiv. 980) tho quantity ot 
hydrogen sclcnide thus formed is a function of tho temperature. It increases from 
260® to 620®, and docreasos regularly from the latter point to 700 . If the application 
of heat bo limited to tho part of the tube containing the soUmium, as much hydrogen 
Holcuido is formed as when the whole of the tube is heated ; but selenium is c 
on tho colder part in beautiful shining crystals, which continue ^ 
there is any selenium remaining in the heated port of tlio tuho. This “PP' ' . , ‘ 

lisation of ’the selenium is duo, in fact, to decomposition of 

viously formed. The quantity of the gas thus decomposed is grea^-r ';S g.. 

turo to which the cooler part of tho tube has fallen is nearer to 27 • . , , . 

tiou of hydrogen scloni do begins, though very slowly, at 

aud dimmisha'^ slowly above that temperature, attaining a min . 

creases again at liighcr temperatures. That tho ® selenido, 

ill the oxpArimont above described is really duo to dcconiposi i , 

and Eot to simplo volatilisation of tho soloniuni, w proved y ‘ B 

hj-drogen a gas which does not act on selenium ; m this case the upper part oi 

tube merely becomes coated with a rod opaque film. 

OsldM and OSjrfta AoUUa ®*^*®*‘’“* hot*Sl 
pound is Iwonght in contact \nth piotphorua sealed tabs 

red, but undefgo no further alteration n the cold. H***^^**^,^ tjS : 
to 100« and a^waids to 1 W®, they yield phosphoryl chloride and tree selenium 

SeO* + apa* - apoa* + so. 

In one asperiinMit, In which th. temperntnro wm manner*^ to iroduro 

chloride acted on the still unreduced aelenious to disrienium 

oeloninm tetrachloride, which was then redu(^ by Uie free selemum 
ffichloride (Hichaelis, Jenaiaeie ZeUaehr\ft, ti. B»). ,.i. having 

SalanaL.-jJmi»>n 

tte axes o : b : o - V2b66 : 1 : ?n ’f 11 . The salt has tiis 

(ospressed in Hiller's nohrtloii) •» with the sulphate 

5“ne compoeitidnas the ihombie inoi mth which, howovet, it 

Jescribedl^ T. lang ClPtoi. 4*<i* 

no cryrtHlograi^lc telatiOT (Tc^so^toA hcvi* o). system; 

StMinm Siifiuxta, ok SS^'oU I0l!<«ti, ill. W'* I* *• 

« : 6 ;o * ci4«dil: 1 10-9037(S. OtiSerTed fonas, Oil. *«*. w » 
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analogous in composition to the sulphate QtSO* 4lPO, which ciystallisea in the 
quadratic system, and when mixed solutions of these two salts are left to evaporate 
slowly, mixed crystals are obtained, quadratic if 7*33 or more atoms of sulphuric acid 
are present to 1 at. selenic acid, rhombic in the contrary case (Topsoe, loc, ct^.) 

Snlplildes. (BottendorfF a. vom Rath, Ann. cxxxix. 329.) When selenium 
and sulphur are fused together in the most various proportions, the fused mass left to 
solidify partially, and the remaining liquid portion poured oif, no cjcyst'illino products 
are obtained, the fused masses remaining pasty and completely destitute of crystalline 
structure. By solution in carbon sulphide, however, in which they gradually dissolve, 
they may be slowly brought into the crystalline state. This metamorphosis takes 
place in a short time at lOO*’, and more quickly as tho proportion of sulphur in 
compound is larger. 

The following products were obtained by fusing 1 at. selenium ynth 2, 3, and 4 at. 
sulphur, heating the mixture for some time to 100°, dissolving it in carbon sulphide, 
and evaporating the solutions. The masses which conUiined 1 at. selenium to 2 and 3 
at. sulphur yielded in this manner luonoclinic crystals from 2 to 4 mm. long, which 
were previously observed by Bathkc, but described by him as rhombic (!«< Suppl. 
1015). At first there separated deep rod ci^sfcils rich in solonium afterwards light 
orange-coloured crystals containing but a small proportion of that element ; and be- 
tween these occurred crystallisjitions varying in colour us well as in composition. 

The solution of the fused mass obtained with 4 at. sulphur to 1 at. selenium de- 
posited, on evaporation, first small monoclinic crystals of tho colour of chromic acid, 
then others having the colour of acid potassium chromate, and finally a mixture of 
lighter-coloured crystals with numerous large orange-red rhombic octohedrons, agree- 
ing nearly in comix)sition with the formula SeS*. 

The products which approximated in composition to the formulae SeS® and ScS* yielded, 
when their solutions were left to evaporate, first deposits comparatively rich in solonium, 
afterwards deposits contiiining more sulphur, and could not therefore be recrystul- 
lisod without decomposition. Tho same is tho case -with the rhombic octohedrons. On 
dissolving them in carbon sulphide they become opnquo, indicating that they pass 
into a difierent modification in dissolving. The solution first deposits prismatic 
crystals comparatively rich in solonium, then follow tho orange-red rhombic crystals of 
varioTis sha^s of colour, and lastly pure sulphur scpiiratos. 

With exception of the rhombic octohedrons just mentioned, all tho crystals examined 
by Bettendorff and vom Hath, and obtained from mixtures of sulphur and selenium in 
the proportions. So : S®, Se : S®, So : S*. have tho same form and belong to tho mono- 
clinic system, with the following axial ratios : 

Ohnodiagonal Orthodiagonal Principal axis 

1 0546 : 1 : 0*7146 


Ancle of inclined axes -01° 43' 35". Combination »P2 . ( oopoo ).— P .P .(JP« ). 
Anglo ooP2 : aoP2 = 124° 22'; -P : -P = 119° 30'; -P : »P2 « 132° 36. 
They also fom twins (like those of gypsum) with tho twin-plane —Poo , which does 
not occur lis a crystal-face. Tho rhombic octohedrons, which have nearly tho com- 
position SeS®, exhibit tho form and angles of rhombic sulphur. 

Ditto {Compt. rend. Ixxiii. 626, 660) has obtained a crystallised seleuium sulphide, 
SoS, by saturating a very dilute solution of selenious acid, cooled to a teiuTOrat^ 
between 6° and 0°, with hydrogen sulphide previously passed through a hottle filled 
■with ice. The compound thou sopamtos as a fine lemon-yellow powder, which, alter 
b|^g well washed and dried in a vacuum, may be brought into . the ciystalime state 
by moistening it with a small quantity of carbon sulphide. Orystallisation then be»ij* 
on the surface, and iji a few days the entire precipitate is converted into cTOtal8,wmw 
the carbon snlphide becomes saturated with sulphur. This satorated liquid is d^uteu 
and replaced by fresh carbon sulphide, the latter poured off after a few seconds* a» 
the product washed, first -with pure benzene, then with alcohol. Its formation ifl W" 
' presented- hf the equation : 

SoO* + H*S - H»0 4 S + SeS. 


Selenium sulphide thus prepared forms small, shining, transparent, 
lamiBA, of ep. gr. 5-066 at 0°, 3-035 at 62°. The expansiott‘«oeiBment be^oea^ 
limits is ■ O-wOtAlSTO ; the specific beat 0‘1274. Wlien heated it melto, anq 
fi^teulphur-^vitibur, thonjmxed vapours of sulphur and s^eiiium. It » *03®™* 
wa& knd ah etfiw, but dissolves in carbon sulphide. In contact udth absolute- wcon 
it blsekc^s^ and^is gradtiBll^' resoived into its constituents.- . : 

.'VeiwtliirAf ■ 


Bj^ eraporation of iteivqueolO* 
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yollowiBli, translucent, uncrystalUsablo, deliq^nescont mass, solublo in ether and in 
alcohol. From the analysis of its barium salt it appears to have the composition 
0 wH*®N*O** (P. Champion, CompL rend, Imi. 330). 

SBRXCXTlIa ^ This mineral, from the Tauniis range in Western Germany, regarded 
by List as idontical with damourite (r. 235), is, according to v. Lasaulx {Jahrb.f. 
Mineraloffie, 1872, 851), a mixture of several compounds. 

SBBPXSXrTXlirB. S. Meunior {Compt. rmd, Ixxiv. 1325) has examined a number 
of grey serpentines from the Alps, Brazil, the Grecian Archipehigo, &c., and finds them 
to be composed of magnetic iron ore, augite, olivin, and a hydrated silicate of nuig- 
ncsium. The entire' analysis of a specimen from which the several varieties examined 
did not differ materially; yielded the following numbers : 

SlCy Al*^* MgO CaO FcO H*0 Sp. gr. 

39-90 1-25 38-10 200 6-42 11:60 - 99-27 2-37-2-52 


Proximate aufilysis yielded 0-79 p.c. magnetic iron ore and 0'80 undeconiposiblo 
Hilicato (augite); the rest was docomposible,and could bo soi>urated by treatment with 
alkalis into an anhydrous mineral (olivin) and a hydrated mineral. These results 
were confirmed by microscopic examination. 

Itcspecting Meunicr’s views of t he relation of serpentine to meteorites, boo p. 793. 

A serpoiitino from the Timbertop mountain, Victoria, Australia, analysed by 
C. Nowbery {Jahrb. f, Mineralogic, 1871, 464), gave: 

BiO* A1®0* Fe’O* MgO H*0 

39-9 ?2 ^ 36-8 16-4 = 100-3. 


Rocks allied to the serpentiuo group, from North Tyrol and Carinthia, have been 
annlysed by R. v. Droscho {ibid, 1871, 322; Jahresb,/. Chcin. 1871, 1206). 

BZXrZCA, SiO*. Separation from Aqtteous Solutions , — ^Wlien a solution of st^ium 
Hiliuito is strongly heated in sealed glass tubes, tho^ glass is attacked lay^er by layer, 
aiid silica is dissolved, forming a more Jicid sodium siliwiie, which, on cooling, deposits 
freo Bilica in nodnlos. The glass, by losing silica, is convottod layer f layer into a 
more basic silicate, which, by taking up water, is ullimatch- transfornied into » 
fml zcolitio substance. At about 1 80° and above, free silica sej^tos fwm 
alkaline solutions in the form of quarts ; below 180 in that V, 

lower tompointurea as crystallisod, and fimilly as amoirhous hydrate of " 

ordinary o? slightly higher temperatures and under owl, nary 
formed under Miy cireumstoncos (0. Maschko, Byg. Ann. cxlv. 649 , c*l;n. M). 

C,S?nrtoltemm«lsherg(fli..t. Cteia. Gcs ^tr. y. 
in the anaTysis of mUentbs, is, after 

solution of potassium or sodium carbonate, fhis ignites _ . 

of 2'8, and must thorefoni have passed into the crystallised state of tridymito. 

BwOratM. Silica, separated from alkali-siUcates (or f™” 
after drying over sulphuric acid, fr^ 4'8 to 4-7 P'*' hy^i^s «SiO= + aq, in 
it coBtoins** to 6-7 p.c. 

■* - 

3SiO« + 2a-'’* V 1^- 


Vi. 186) finds "SS?S^”^oifTiS 

fluoric acid). AieSat lOOO lii air freed in rilica dried 

* in -fnMnwfi'-'Mbism 

in all its states is more or less fioliAle {'Zeitschr, anal. Chem. 1872, 182). 

observations havo been confirmed jg obtained by mixing a dilute 

GelatiBOUS silica, in the acid reaction, and then washing it 

Bolution of watS-glass ihU hydrochlOTic d 

tlioroughly, dissolves at first liouid becomes turbid, and at last 

0-76 p.l NH^roo eontinnally adding silica, ^e filtration, it was 

attains a state intermediate between pts. of aqueous ammonm,^ 

found to contain in one 
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aqueous ammonia to I I)t silica. One part of ignited silica disaolred in 280 pts, ; l pt 
Silica m the fonn of rock-crystal, in 12097 pta. aqueous ammonia. 

^ On the action of silica on sodium carbonate at high temporaturos, see Maillard 
(Gi?9npt. rend. Ixxv. 472 j CAem. Soc. J. [2], xi. 243 ; Jahresb.f. Cheni. 1872, 230). 

^ SZUCikTBS. To estimate tho alkalis in a silicate, J. Lawrence Smith decom- 
praes it by ignition with pure calcium carbonate and sal-ammoniac. For the details 
of the process, see Ann. Ch. Phann. clix. 82 ; Sill. Am. J. [3], i, 269 ; CAm. Nevue 
amii. 222, 234; JaArseft. 1871, 014. * 

8ZUOZO BTBE&B. A. Lodenburg (Ann. Ch. Pharm. cisiv. 300) has published 
an elalmrate research on the reduction-products of silicic other, Si(OC“H»)S and their 
denratires. By the joint action of ginC’Cthyl and eodiwn on tliis other, the followinir 
products are obtained : 


Orthosilicopropionic etlicr 
iSilicodiethylic other 
Silicotriet^iylic or Silico-^ 
heptylic ether 
Silicon-ethyl . 
Silicoheptylic hydride 


Boillnfr point 
. 166 - 3 ^ 

. 160® 




. Si(C*H»)(OC*H»)» 

. Si(C*H»)’«(OC*H»)» 

. Si(C*H»)»(OC>H») . . 165-6® 

. Si(CW)* .... 163® 

. Si(C‘-'H»)»H .... 107° 

1. Orthosilicopropionic Ac r, Si(C*H*)(OC“H*)*, is produced in this manner 
much more readily than by the process originally described, vi/-., treatment of tho 
chloride, SiCl{OC*IF)*, with zinc-otliyl and sodium Suppl. 1020). When warmeil 
wi^ hydriodic acid of boiling point 127° it decomposes, i)roducing silicopropionic 
acid, Si(C*fl*)0*H, in acconlancu with tho equation ; 

SiC»H»(OC^H»)» + 3HI *= Si(C-II‘)0»H + + IPO; 


this is, in fact, the most conveniont way of preparing silicopropionic acid. 

Heated witli bcnxoyl chloride, orthosilicopropionic ether undergoes tho i*ojiction : 

Si(C-H‘)(OC*H'‘)» + 3C»li'OCl * Si(OTP)CB + 3C»U»0='(C“H»), 

ethyl benzoate and silicopropionic trichloride (silicon-ethyl trichloride) 
being produced. This latter has not boon obtained perfectly pure ; it boils at about 
100°,^ and is decomposed by moist nir ; water or aqueous ammonia produces hydrogen 
chloride and silicopropionic acid. 

Phosphorus pentachloridc appears to act on orthosilicopropionic other, in accordance 
with tho equation : 


Si(C»H»)(OC®H»)« + PCI* -i Si(CaH»)(OC2IP)«Cl + POOP + C»IPCl; 
a remarkable action, inasmuch as bodies containing OC*H*, associated with carbon, are 
for tho most part not attacked by phosphorus pentachlorido (Henry, Lent. Chem. Ges. 
Per. 1809, 664). 

The compound, Si(C®H*){OC*lP)’Cl, m.sBcd over between 148® tfnd 163®, but could 
not be freed from phosphorus oxycmloriuo, even by repeated fractional distillation. 

2. Silicodicthpl Ether, Si(C*H»)*(OC-H*)*, boils at 165'8°, has tho specific gravity 
0*8752 at 0?, and tho vapour-density 173-9 (calculated 176); it is stable in the air, 
insoluble in water, soluble in alcohol and in ether ; unliko ortliosilicopropionic ether, 
it does not yield silicopropionic acid Ijy the action of concentrated sulphuric acid, and 
is not attacked by alcotiolic ammonia ; it is acted on by concentrated poUish-lcy only 
after several hours' heating, the rajiction being probably 

Si(C»H*)*(OC«H»)* + 4KHO + 2H*0 » SiC*H»0*K + .8C*ll*0*K + 7H*. 

V^en silicodiethyl ether and acetyl or bensewl chloride are heated together to 200® in 
a sealed tube in the proportions denotofl by me following formulae (tho formor slightly 
pv^nderating) a reaction tak<^ place represontod by the equation : 

■ . Si(C*H*)*(OC3H».)* + C*IPOCl « C*H»OXC»H») + Si(C*H“)*Gl(OC*H»), 

eilieodiethyi chloiethylin being formed, -which boils between 1469 and 148®, 
and is changed by contact with water into n viscid oil free from dilorine. If, 'how- 
ever, mdlemueB of acetyl or beuimyl chlorldo and one o£ mlicodiethyl ether are 
heot^ to 260®,; silicodiethyl chloride, Si(CJ*H*)*Cl*,is producedi lulling between 
/^®andl30^: . 

SI(€9H*)*(OCra»)* + 2G*H»O01 • 2(G’H-0.00®) + Si(C®>^^ 

the vapour of this body jaixed -with air is inplbsive. tV^ater decomposes it; 
hyditigett chloride, nhd » ftubstahco which contains nb cblwin® * tb**^^* 
s4):eod|etbyl oxide, ; it may bo cofivenknUy 
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Action of aquooiis hjdriodic acid (baling at 127^) upon ailicodiothyl ether, according 
to the equation : 

Si(C=IP)*COC®H»)» + 2HI « Si(02ll»)*0 + IT^O + 

It is n thick syrup, distilling unchanged above tho boiling point of mercury, not 
solidifying at — ; it is insoluble in water, difficultly soluble in alcohol, and readily 
soluble in ether. 

From its formula and origin this body appears to bo diotbyl ketone, CO(C*Il“)-, 
hawing its carbon replaced by silicon ; unlike carbon ketones, however, it does not 
combine with nascent hydrogen to form a secondary alcohol; moreover it yields 
silicopropionic acid on boiling for a day with concentrated soda-ley, whereas diethyl 
ketone yields only acetic acid by oxidation (Chapman a. Smith). It forma a notable 
exception to MondolejoflTs rule that silicon-compounds boil at a lower temperature than 
tho corresponding carbon -compounds, as do also tho following bodies : — 


Si(OC*H')* 
si(c?H‘‘)*on 
Si(C*H«)»II 
SiCCH*)* 


Bolling point 
166*6° 
164-00 
107® 

30° 


C(C=II*‘)a01I 
C(C®H»)*n . 
c(cii*y 


Boiling point 
128® 
141® 
96® 

9® 


8 Silicotriethylic Ether or Silicoheptylic Ethers Si(C®Il*)"(OC=H*), boils at 
163® and has the specifle gravity 0*8393 to 0*8414 at 0®, and the vapour-density 
161*6® (calculated 160®); it is stable in the air, soluble in ether and alcohol, and 
insoluble in water. It is'not atbickcd by fdcohoUc ammonia, or l)y aniline at 250®, 
but is decomposed by tvater at that temperature ; it is soluble in concentrated 

Bulnhuric acid, wherein it differs from silicon-ethyl. , 

%ctvl chloride acts on silicotriethylic other at 180®, producing sihcoheptyl 
chloride or silicotriethyl chloride, Si(C*H^)*Cl ; thus : 

Si(C*H»)*(OC*IP) + CH^OCl « Si(C*IP)»Cl + C*H*0«(C*H»). 

Silicolioptvl chloride is a colourless liquid, which fumes in tho air, and burns with 
a crcon-edged flame, leaving a white residue. It has a pungent camphorous odour, 
iSTt and has a of 0-9249 at 0®. It « 

Traitor- absolute alcohol appoara not to !ict upon It jn tho cold, whoroas siher 

into aqueous amM07na, trie thy 1-s ilicol, si 1 ^ ^ tliat tho liquid lias not 

oiUcotriethyl oxido. Si«(C»H‘)‘0. la produced : 

Triethyl-silicol 

anhydride to 2bw , y**v.* , 

and decomposing tliis compound wi n namn 

Sl(C.W.(OC*H‘) -f (0»H'0)’0 - C.H‘0*.C«E* + S.(0»H*)>.O.C H*0 

Triothyl-sllicol Ib a colourloM ,'"“-VnroB{dM^of^iUcl*^°”t in 

burning with a bright flame, and jniscible with alcohol and ether, 

^ghtly soluble in aqtwn# ’ Detormiiiatioiis of tho vapour-density 

sifc«H»WH -h cm'oa - na -s s.(c»H‘)'(oc?h o), _ ^ 

Si(C'a‘)'( 0 C^) - 1 - HQ - C« ■ 

1 : 

8a(Qiai)K^ 
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D. Hydriaiio boiling at 127^> acts on triothyl-silicol at 200^, forming ethane 
and silicodiethyl oadde : 

Si(C*H'‘)»OH « C*H* + Si(C*H'‘yO. 

. E. Oxjdisina such as chrotnui and permanganic adds, hare no action on tri- 

cthyl-silicol ; jNorahauson sulphuric acid, however, converts itintosilicopropionic acid, 
Si(C?H‘)0*H, according to the equation : 

Si(C*H*)*OH + SO* « Si(C»H*)0*H + 2C*H« + H* + SO* 

the reaction being analogous to that which toi^ary alcohols undergo by oxidation 
(Butlerow, DeuL Ckeni. &8. Bcr. 187 If 931). 

F. DShydraiina agentSf such as phosphoric anhydride^ convert triethyl-silicol into its 
corresponding ether, silicoheptyl oxido, {Si(C*H*)*j*0. 

Silicohoptyi oxide may also bo obtained by the action of hydriodic or sulphuric acid 
^on silicoheptyl-cthyl ether, or by tluit of potash-loy on silicotriethyl chlorido or 
* bromide. It is a colourless, syrupy liquid, boiling at 231°, and of sp. gr. O' 850- at 0°; 
it is Boloblo in sulphuric acid, and separates thorofrom unchanged on dilution, if heating 
is avoided ; otherwise some trictliyl-silicol is formed. 

4. Silicoheptyl hydride^ Si(C“II*)*ir, is the lust product of tho action of sodium 
and zinc-cthyl on silicic ether ; it boils at 107°, and resembles tho petroleum liydre- 
carbons in smell ; it is insoluble in water and in concentrated sulpliuric acid, soluble 
in ether and alcohol. It is sttildc in the air, and burns with a brilliant ibiiiic, luaring 
silica ; its specific gravity at 0° is 0751, and its vapour-density 118*4 (calculated IIG). 
Nitric acid and Nordhansen sulphuric acid atUiek it readily, tho latter producing tiio 
reaction ; 

2Si(C*H'‘)*H + 2SO* * n*0 + 2SO* + Si*(C*H*)*0. 

Bromine added drop by drop to tho well-cooled liquid, gives hydrogen bromide und 
sili'cohoptyl bromide, {si(C'*H^)*Br, boiling at 161°, and forming silicotriethyl 
> oxide by the action of caustic alkalis ; also tricth^^l-silicol with ammonia. 

5. Simultaneotisiy with silicoheptyl hydride, silicon-ethyl, Si(C*Il^)S is formed 
by tho action of zinc-ethyl and sodium on silicic ether ; the body obbiiucd boiled at 
161°-] 53°, and had the properties of tho silicon-ethyl of Friedel and Crafts (v. 266). 

A small quantity of liigh-boiling silico-cnrbonaceoiis substances was also formed, 
probably reduction-products of polysilicic ethers. 

The specific gravity of the bodies belonging to the silicon-othyl-oxethyl series 
diminishes with the dimiuutlon in oxygen, but not regularly : . 

Si(C*H»)‘0» 0*9676 

St(C*H»)«0* 0*9207 

Si(C*H*)*0* . 0*87^2 

Si(C*H*)*0 . . . . . . . 0*8403 

Si(C*H»)* 0*8341 

Tlio substitution of C*H* fur 01 raises tho boiling point : 

SiCl* . . . o8« 

Si01*0»IP . . 100 SiCl*C*H*0 . . 104° 

BiCl*(0*H*)* . . 129 SiGl*(C*H»)*0 . ? SiCl*(0*H*)*0* . 137® 

Siei{C«IP)* . . 143*6 SiCl(CsH»)»0 . . 147 SiCt (C»H»)»0* . 161 

8i(C*Il»)* . . 162 I Si(C*H*)'0 . . 168 Si (C*H»yO* , 166*6 

SiCl(C*H»)*0* 166° I 

Si (C*H»yO* 169° 1 Si(C*H*yO* 166*6° 

lIXUdO-AOBTXC JIWBTBKM. Si(OC*H*p)< fFriedel a. ^epbuig, Ans. 
VhyK [4], xxvii. 428), This compound is obtained by di^sting ulioon Utrs- 
chlorido with a xnixtnre of acetic acid and acetic anhydride, and ta dejpomted, on cool- 
ing, in beautifully white crystals, apparently belonging to the quadratic system. ^ 

> Silico-acetieatihy^dOf when dropped into water, is decomposed with a hissingAoise, 
gdatinous silicaand acetic acid being formed. Itcannot be distilled under thejoBdi^^ 
pressure, as it is decomposed at a temperature of 160°-170° into silica and acetic 
anhydride ; but if the pressure be reduced to 6 or 6 milHhietsrs, it passes over ua- 
changed at abbiit 148°, and condenses in benutifol white crystalHno majBsesv in^ 
at alwt 110°. It 14 decomposed by ilcobol, with fomationjof etWl »ij?ot^te^9 gPg 
tinons silica; cold' ether/ hdwever, does not change it> 

. with that .eab8taiice« tt splits up into, silica and mtic shbydnd^r : 
ityieldi Mitaipid^^ 
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Silieo-acetio anhydride is analogous to Ebelmen’s silieie other, Si(OC>H*)S and the 
cthylic silico-acetin, Ri • obtained by tho action of acetic anhydride on 

silicic ether: (v. 264), may be regarded as its tiiethylic other. 

SXUCOBOStOCAlCXTB. A mineral named Winkworthiie by How Maa, 
[4], xli. 270), occurring in transparent colourless nodulosin tho gypsum of Winkworth, 
Hws Co., Nova Scotia, has been - shown by Kenngobt {Jahrb. f. Mimralogie, 1872, 
300) to be a mixturo of silieoborocalcito and g 3 rp 8 um. INt'o analyses by How gave : 

CftO SO* sio* 11*0 

a.) . . 31-66 36 10 3-31 10-13 18-80 « 100 

(2.) • . 31-14 31-M 4-98 14-37 18*00 =* 100 

■ DeterAiined by loss. 


The first contains 77*87i tho second 67*76 p.c. gypsum. 

SXUCOBXBTBn BTBBB, 8i(C>H>)^(OCr‘H’^)« (p. 1082). 
SXXiXCOBZBTBTXi CBBOBBTBTXiXB’, Si(C^IH)‘Cl(OCr‘n^) (p. 1082). 
SXBXCOBXBTBn CBXiOBXDE, 8i(G2H»)2Cl> (p. 1082). 

BXXiXCOBXBTRn OXXPB or SXPXCOB-DXBTBTXi SSTOWS, 

Si(G'‘H«)*0 (p. 1083). 

SX»XCOBa»m-ACSTZO STBCB, Si(C«H*)*(OC?H>0) (p. 1088). 
SXUOOBBVm (XBXiOBZBB, Si(C>H.)>Cl (p. 1083). 

SXUCOBBBTTB OBBSOBATS OZ> BODZITIH. (p. 1083). 

BXXMOBBPnXi BTBBB, Si(C<U>)>(OC>U>) (p. 1083). 
SIUCOBBBTTB BT9BS9B, Si(C>H>)^II (p- 1081). 
aZBXOOBBBTTB HTBBOXIBB, Si(C?H*)*OH (p. 1088). 


SIUaOBBTTTX' OBMB, Si‘(C>H*)*0 (p. 1084). 

BXBXCOIV or SWXOIBIB. On tlio occurrence and condition of silicon in pig- 

““iS r;f«o».-Whcn 0.0 ^ 

over silicon liurod in an atmosphere of ^ the cold port of the 

set: S 

rend. IxxiiL 443 ; Ctem. 8oc. J. [2], «• 097 : ./cW- 1871. 20^ ^^2). 

fiitfinaffon.— Onthoestimat^nofsiliCTnin M 1 ^ Siliceous 

On the oatimation of tho Fire-resisUng quahties ot v^iajs aai 
materials, coo Cnar (pp^358-8fi7). compounds 

aXUOOITt HJLXiOIB of air give band-spectra 

of silicon, boated in a hydrojren „ ^dominance of green. Tho Iwnds, 

very similar to one anothw, 5"^ gince silicon hydride, although very 

however, do not appear to be duo to pure ' thevsoen in tho electric spectrum 

volatite. does notTiibit the same in Goissler's 

of silicon. Silicon fluoride gives bromide gives in such a tube a continuous 

tubes it givs6 ^ band-spwtrom. indmo, provided tho electric tension 

spectrum -with two maxima in the Timmine and silicon come out (Salet, Comjft* 

is weak; with strongertension the linos of bromine and silicon 

rend. Ixxiii. 1066). ^ tAnf. Ixxiii. 663).- 

Snliobloildei 6hd aiUcon- contained in a poreelain tube. 

When silicon tetrachloride is passed a J^nid is obtained coiisishug of the 

heated nearly to the softmiihg p^t ^^^^^Kfflorides of silicon. . The tetaa- 
tetmchloride mixed irith a email ^ ^ six' times over the silicon ; and, 

chloride was patod traversed by a 

to prevent of the eubriilondes, a central 
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■tveam of water at 60° was employed, as in Doyille's experiments on dissociation 
(Is^ Suppl, 427)> To prevent tho formation of oxjohloridos, air must bo carefully 
excluded from tne appimitiis. ^ 

Tho tetrachloride boiling at 69° is easily separated from the other diloridcs; tlie 
latter are separated from one another by ropeiitod fractional distillation. 

Triohloridet — Vriedel rend» Ixxiii. 1011) propires this compound 

by ^ntly heating tlic ti'i-iodide with mercurio chloride. It is a colourless and veiy 
mobile liquid, having a spocidc gravity of 1*68 at 0°. It soUdiHes at (Friedel) • 
at —14° (Troost a. irautefouillo), forming • Isirge crystalline plates. It boils at 
146° — 148° ; the density of its vapour, taken at 239*4°, is 9‘7i corresponding with the 
formula Si'ClS which requires 0 '4. 

When strongly heated it gives off a vapour which takes fire spontaneously in the 
air ; heated in closed vessels, it becomes decomposed very slowly at 360° (into tetra- 
chloride and silicon); by heating for twenty-four hours to 440°, about nino-ttiiiths of 
the chloride employed is decomposed ; at 800° tho decomposition is complete. Tri- 
chloride of silicon is atbickcd by cold aqueous solution of ammonia, silica and liydrogen 
being produced. In contact with puro wnter at zero, it gives a hydrate of tho sescjin- 
oxide, SiOMI*0, identical wdth that obtiincd by Vriedcl n. Ladenburg from the tri- 
iodido Suppl. 1022). This sesqiiioxide reduces potassium permangMimto very 
rapidly in tho cold, and chromic acid very slowly; it has no action, at ordinary 
temperatures, on solutions of chloride of gold or .snleuiousacid('l']'oesta. Haiitofeuille). 

Dichloride of Silicon, Si*Gl^ is a liquid which is found inixol with the tri- 
chloride, especially when the formation of tho latter body is aocompiinied by that of 
highly condensed oxychlorides of silicon. Its vapour-density and boiling point have 
not yet been determined, as it retains pertinaciously small quantities of oxychloride. 
Decomposed by siqueous ammonia, it evolves a larger proportion of hydrogen than the 
trichloride. By contact with water at zero, it gives rise to a hydrated oxide, whicii 
reduces, not only potassium permanganate and chromic acid, but also solutions of 
chloride of gold and aelenious acid, with separation of metallic gold and red seleniiiin 
respectively (Troost a. Hautofeuille). 

Oxychlorides . — Several of these conipounds are produced by the action of tho 
induction spark on a mixture of the tetrachloride, tho trichlorosilicic oxide, Si^Cl^O, 
obtained by Triedel a. Ladenburg (Is^ Suppl. 1021), and oxygen, or better by passing 
a mixture of oxygon and trichlorosilicic oxide several times through a heated glass 
tube filled with fragments of porcelain. By fractional distillation of the product tho 
following compounds have been obtained ; 


pirical formula 

Formula for 2 vols. 
according to the 
experimental vapour- 
density 

Bolling point 

yaponr-density 
at 440* 

si*oa" 

— 

— 

— 

Si*OCl« 

Si*0*Cl« 

136—189° 

— 

Si*0*Cl*« 

Si«0»Cl« 

162—164 

— 

Si*0*CB 

Si^O^Ol* • 

108—202 

16*5 

Si*0»Cl« 

Si«0'»Cl« 

about 300 

21-2 

Si*0«Cl* 

— 

above 400 

— 

Si«0’Cl 

— 

nearly 40 

— 


Trlbromlde* Si^Br*. This compound is prepared by dissolving tho tri-iodide in 
carbon sulphide, adding bromino in quantity sufficiont to displace me iodine, separat- 
ing tho unmsHolved iodine by filtration, and removing iho dissolved iodine by nictation 
with mercury. Tho liquid on evaporation yields crystals of the tribromide, which are 
doubly refractive, and may bo distilled without decomposition at about 240°.. On 
tr’eatipg it with potash, hydrogen is evolved in the proportion of If* to each molecule of 
(Friodel, Jxxiii. 1011). 

CMorobronldei. *The'/r(cA/ere6ref»?«2e, SiCBBr, is formed by the ai^ion of bro- 
mine on silicic chloroform, iSiCl^H. It is a colourless fuming liquid, which Wls at 
80°, is.docoraposod by water, and exhibits groat similarity to nlicon tetracblariae. 

The SiCl*Br», is also formed by the action of 

silk^ ehlosefovm, and is found among tho products boiling at about 100° (^edet a 
iodeubuTg, Jdii. CWm. PAys. [4], xxvii. 416). 

: Clhlofwidlpli^ds^^ SiCl’SH, This compound, analogous in ooihMl^ ^ 
methylie meccaptaib was regiuded as a ^phochlorido hj obwsw 

it by passing a ndxtuve of the vapour of silieon tetraeblotHe and'hydr^ 
throimh a zed-hot tube (y. 27(>)* it is a colourless boiling at J 

of hydroebloirie mnd and sulphydtio acid, these twanids 
tpgetbon wm f whott U ii aiq^ed to the aW 
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are made to react on one molecnlo of silicon chlorosulpl^rate, an eydliition of hydro- 
chloric acid takes place, and the compound, SiSH(OC*H*)*, appears to bo produced ; 
but if either this compound or tlio ori^nal silicon chlorosulphydrato bo treated with 
excess of alcohol, n rcacbiori resulting iii the formation of silicic ether, Si(G-ll?0)\ 
takes place. Bromine decomposes silicon chlorosulphydrato, with formation of tlie 
trichlorobromido, SiSHCl® + Br* = SiBrCl* + SBr + IlBr (Friedcl a. Laden- 
burg, loc, oit.') 

Bllloon Snbllaorlde is a white, vary light powdcr'producod by passing tlio tetra- 
lluoride over silicon hoatod nearly to the so&ning point of porcelain. It is probably 
a trifliioride, as in contact with wator it yields a hydrated oxide which exhibits the 
same characteristic reactions as that which is formed in like maimorfrom the trichloride 
(Troost a. Hautofoiiille, Compt. rend. Ixmii. o63). 

SXUCOPSOPZOVZC ACZH, Si(C=*lP)0-H or CH*— CH-— SiO*H (800*811.1010 
I^TIIKRS, p. 1082). 

Ortho3ilico2iropionic Kthyl-ether^ Si(C-H-')(OC*IPl*, formed by the action of 
zinc-ethyl and sodium on tctrnmcthyl silicate, boils at 159° (p. 1082). 

Orthosilicopropionic Meihyl-ether, Si(C*H^)(OCll*)*. is formed in like 
manner by the action of zinc-ethyl and sodium on tetramothyl silicate: 

2Si(OCH“)» + Zn(C®n»)* + Na^ « Zn + 2NaOCH“ + 2Si(C*H»)(OOH*)®. 

Tho orthosilicopropionic metliyl-ethor, purified by fractional distillation, boils at 125°- 
126°, and has a specific gravity of 0 9747 at 0°. It resembles tho corresponding ethyl- 
compound in odour and appearance, but is more easily decomposed by water, ammonia, 
&c Hydriodic acid boiling at 127° acta violently on it, separating a solid body. 
When loft in coutact with wator it undergoes decomposition, which is accelerated by 
addition of ammonia. Tho product of the reaction is a translucent jelly which dines 
up to ii white powder of nearly pure silicopropionic acid (Lodenburg, Dent, them, (jm. 

VetrothyL silicate, ziuc-motliyl, and sodium do not net on one anotlier at o^inary 
tomporaturos. When totrethyl silicate is heated with 
a tomperaturo above 300° crystals of tho compo^d Zn(CH )(OC-ll ) 
and the silicic ether formed at the same time yields by decomposition a combustible 
silicic acid, probably silicO'Meiic acid (Liulonbiirg, wC. <?«.) 

SZ]bZCOTSTlSZaTBT&» Si{C*H‘)* (p. 1084). 

BZUCOTBZBTB’n BBOKZBSi Si(G*H*)*Br (p. 1083). 

8ZXiZCOTRZBTBT& OBBOBZMSf Si(C®H*)*Cl (p. 1083). 

BZZiZCOTBZBTBTK OBZBBi Si*(C*H*)*0 (p. 1084). 

BIXiVaS. Ok«:«rr«K« and Ext^.-On tho 

motW ^ ^Id „o;m»nlpMdo. 

roasting and chlorination of silvor oros. «e 
of amnlgamating silm ores, seo.L, Eich (Oum. Centr. 1871. 

described by A. feaguo (A«wrico« ChmUl, in. 98 ; /. 

Claudet has dovised a process for the ^ chlorinationf^with water. 

lyes obtained by treating the A »po separate the silver tho 

usually contain 1 pt. of silver to lO.OQO pts. best^th iodide of potas- 

Bplutions of the chlorido are mixed with a lasted by diluting the solution till 

Bium : and the denosition of the silver iodide . 1 1 ^ ul-Aam Tho Drocinitato 


the silver iodide is tMated with motallip afresh portion of tho 

from the roduced silver is used for ooT'i A favourable report of the 

orude liquor {^raokanid, Jfyga^>, Yv^ m). 

wnilto of tks loqcMS v> givw 1*1 r cciii. lH. *»*) 

l^paroHon Pure * solution of the allw in mtnc 

silver fioui an alloy ^Ttovet and ®<>PP®^ dialk) as long as eflferv.esconce 

««dt»70», aiid*4iaar tttW™ cwbonota ▼hUo t*|o Mlwf »■ 

W»» jW aie «dPP« *• » . 
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mains in solution together with ealoium nitzate* This solution is eitlier precipitated 
with sodium carbonate, the precipitate ignited and then exhausted with hydrochloric 
acid, which leaves the silver in the metallic state ; or it is digested with silver oxalate, 
whereby the calcium is separated, and pure silver nitrate remains in solution. 

J. Eriiger (-Utid. ccvi. 243) prepares pure silver from silver residues, by mixing them 
with phosphoric ether and repeatedly shaking the mixture. The whole of the silver 
is then obtained as a black precipitate ; and on filtering, washing, and drying, or boih 
ing the still moist precipitate in a porcelain basin with caustic potash, pure metallic 
silver is left undissolved. ^o obtain a solid regulus, tlie dried precipitate is griidually 
added to X)otaBsium carbonate melted in a crucible. 

Gladstone a. Tribe (Chem. News, xxiv. 76) describe the growth of silver crystals 
during the action of a plate of copper on a solution of silver nitrate. 

According to Tribe {ibid. xxiv. 13d) silver precipitated by copper always contains 
copper, if, as is generally the case, the solution has absorbed air. If, on the other 
hand; tho air bo expelled by carbonic acid, the amount of copper in the precipitated 
silver is extremely small. 

According to C. F. Chandler {ibid. xxiv. 10) silver nitrate is immediately reduced 
to metallic silver by glowing charcoal, tho reduced silver penetrating the charcoal and 
taking the place of tho particles of carbon consumed in the reduction, so that it 
exhibits tlie exact structure of tho original wood. 

On Groger's method of reducing silver from an ammoniacal solution of the chloride 
with sine, see Chem. 8dc. J. [2], ix. 499. On tho recovery of silver nitrate from the 
silver-bath, and from the residues obtained in electroplating, see Grager, ibid. 500. 

On tho precipitation of silver by ferrous sulphate from tho solution of silver sulphate 
obtained in the * parting* of gold and silver, see Giitzkow {Deut. Chem. Ges. Bar. iv. 
114 : Chem. Soc. J. [2], ix. 448). 

On tho alteration undeigouo by silver vessels, &c., long buried in the earth> see 
Church {.Chem. Soc. J. [2], ix. 408) and Schertcl {Und. 666). 

Estimation and Sejuaration of Silver. — ^On tho estimation of silver in presence of 
mercury, see Debray {Compt. rend. Ixx. 840, 095 ; Jakresh.f. Chem. 1870, 1014). 

On tno assaying of silver, see Tookey {Chem. News, xxi. 246), Blossom {ibid. xxiv. 
14, 42, 269), and Busteed {ibid. xxiv. 243, 259). 

On the separation of silver from copper, see Cuppeb (p. 388). 

Quaniivaletice of Silver. — Wislicenus {Neut. Chem, (^. Bar. iv. 63) regards silver 
(at. w.»=108)'aB bivalent, on account of the constitution of the urgeutous salts, of the 
silver-compounds of acetylene and its homologues, and of the iodonitmte of silver, 
Ag*INO* (prepared by prolonged heating of a concentrated solution of silver nitrate in 
nitric acid with silver iodide, p. 860), and of tho corresponding bromonitrate. ' On this 
view of the quantivalence of silver, many of its compounds may be represented^ by 
formulse exactly analogous to those of cuprous compounds, with which they, are iso- 
moxphous; 


Agci 

A^l 

Argentic chloride 

CuCl 

c4ci 

Cuprous chloride 

X.O. 

Aigentic iodonitrate 




• 

Argentic oxide 

Cuprons oxide 


Argentic flul]^ide 


Onprous sulphide 

Ag.O.NO» 

Argentie nitrate 

OR 

III . 

CtCutOHiCl 


CS 

III 

ojkg.AgKca 

Acetylene rilver 
cU^do 

Acetylene en« 
proas cbioride 



is uiftlogpus to 



i Si Epiw {it. 
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by silver chloride, bromide, and iodide, soo ]SoHT(pr*7m*°“ Aspersion of light 

On the chemictal arid mechanical chanHOB produced bvliuht in fI»A » 

giSrsn .Si o«.a' T;;4“afsss"s;."3; 

SMetumi luith Mermry Saltg.—Viayma obsen’od tliat silver iwlido clissolvos abun- 
dantly jn a solution ot moreimc nitrate. Uie solution solidifying on cooling to 

double compound of silver i4do and me^uric n?^'^ 
H'O (fibar/uis ff«Md4oi.*,vi. 199). Afterwords Wackenrodor fiAAf 
Ij 9, 105) observed tliat the bromide .and chloride of silver likewise di.ssolvc reiidilv 
m aqueous merauric nitrate ; and Liebig found th<at a warm solution of silver chloride 
in morounc nitrsito deposits, on addition of water and cooling, shining cn-stals of 
silver chloride C/t. Phurm. Ixxxi. 128). These statements luivo been confirmed 

111 their cssenti^ particulars by J)el»ray {Courpt, rend. Ixx. 995), wlio further states 
that iodide and bromide of silver crystallise, on cooling, from a hot solutron of mercuric 
mtrato. Ho also confirms the statement of Risso (iv. 104) that silver chloride dis: 
solves in aqueous silver uitriite, hut he was not able to obtain the definite compound 
of the two mentioned by Ris.se, the crystals which separated from the hot saturated 
solution consisting simply of silver chloride. 

Cblortde, AgCl. According to Stas {Compt. rend. Ixxiii. 998), this compound 
exists in four diflforont^ slates: 1. gelatinous; 2. curdy-fiocculent ; 3. pulverulent; 

4. granulo-scaly-er3-stallinc, as obtained by fusion. In the last-mentioned state, its 
solubility in water at ordimiry temperatures = 0-, or at least does not attain the limit 
at which dissolved silver chloride can still be recognised, a limit which Stas fixes 
at 1 part in ton million. Its solubility in boiling water is proportionally grciit, but 
diminishes rapidly ns the temperature falls, and is equal to nothing at 16°. The 
curdy modification obtained by precipitation from cold. dHute solutions is the most 
soluble, hut its solubility diminishes ns the fiocks spontaneously condense, or when 
the prccipitato is rendered pulvonileftt by agibition. A solution of llocciilcnt or 
pulverulent silver clilorido in pure water, or water ucidubited with nitric -acid, is pro- 
cipihited both by silver nitrate and by hydrochloric acid. To precipitate a unit of 
silver or of chlorine in the state of dissolved flticciilont or pulverulent silver chloride 
requires 3 units of chlorine, or of silver (ns nitrato). The precipitation is always 
complete. The salts formed in the reaction simultaneously with the silver chloride 
have no influence on the solubility of the chloride in pure or acidulated water. The 
presence of nitrio acid does not increase the solubility of curdy or fiocculenfc silver 
chloride, whereas that of the pulvorulontvnriety inorenses in proportion to the quantity 
of nitric acid contained in the water. SSnturated elutions of granular silver chloride 
are likewise precipitated both by chlorine and by silver nitrate, awl the precipitation 
of a unit of silver or of chlorine, as silver chloride, likewise requires 3_ units of chlorine 
or of silver, but the separation of the dissolved granular silver chloride is never com- 

with liydrobromic or hydriodic acid tho preeipiution may always bo so 'condiictcd 
that the liquid shall not giro a prccipitato cither with silver mtrato or with a haloihlial t. 

Pierre iCompt. Tend, Ixxiii. 1090) observes that whon solution of silver nitrate is 
nddeil drop by drop to concontintod hydrochloric acid, the procipit^o formal disap-> 
ptiiirs so rapidly that it sometimes escapes observation altogether. The weight of the 
iilvorchloide&ved may exceed one-half. p.c. of tho 

acid employed. Tho subsequent addition of water very slowly reprecipitates the 

wliola of the chloride. . . 4 .t,a ctfatA nf 

Whon nitric ocid is distUled over a small quantity of silver f 

powder, the latter disappears gradually; this is. however, nob a 
because, at the end of the operation, crystallisod silver nitrate is foun in 

[2], *. 453) find* 

dissolve about 2 pts. pure, white silver dilonde, and that th that as 

Hcncibly afflicted b? tho.i^seic o^i^er »idee of u.^n ^ 

tho chloride darkens by exposure to light, less of it i 

100,000 pts. of the acid dissolving only 0*8 pt. of tho blackened si v • 

naorlde, A«F. The followdhg obsorTiitioii. on ftis 
Qoie (IVw. 8o<f. «. 70 % in addition to those leported in tne i« ^ 

Tho a^on of iedifM and boat on bUvot divide approves rednes^ 

4A 


dootida. 
2nd»^: 
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Silvor flnorule is reduced bv heating in dry cymcgen valour, or hydrogen cyanide, 
or coal gas, but is unafBsctcd by carbon oxido or dioxide, silicon ilnorido, sulphur dil 
oxide, or sulphur fluuriilo vapour, or by liquid cyanogen, carbon bisulphide, hydrocyanic 
acid (anhydrous), carbon tetra- or trichloride, pure carbon, or boron crystals. Fused in 
tho vapour of carbon tri- or tetrachloride, it forms silver chloride, ns well as an 
insoluble double salt of silver and platinum by corrosion of tho 'V'ossols. A solution 
of bromine or iodine in carbon tetrachloride or bisulphide is quickly decolorised by 
agitation with silver fluoride. Tho fluoride is also decomposed violently by fusion with 
Vitreous boric ncid, silicon, dry silica, or sulphur. In -the latter case sulphur fluoride, 
a heavy colourless gtas of a peculiar dusty odoucv is evolved. Sulphvr chloride with 
silver fluoride, either fused or in solution, gives silver chloride and vapour of sulphide. 
Carbon bisulphide at a red heat yields silver sulphide aud carbon tetrafluorido, 
4AgF + CS* « CF^ + 2 Ag=S. 

&rbon tetrafluorido is also said to be formed when silver fluorido is added to liquid 
carbon bisulphide containing bromine or iodine in solution. ^ 

Xodlde, Agl. According to A. Vogel {N, Hep. Pharm. xx. 120), silver iodide is not 
decomposed by boiling aqueous potash, tlio grey colour which it acquires being duo 
to molecular alteration : native silver iodide from Mexico exhibits a similar colour. 
Even by fusing silver iodido with potassiuni iodido, only a very incompleto decompo- 
sition is effects, and tho separation- of mobillic silver from it by zinc and h3’droc}>luric 
acid is less complcto than in tho ctiso of tho chloriclo. 'When dry silver chlorido is 
triturated witli pulverised iodine, and tho excess of iodino removed after some time by 
solution in alcohol, the chlorido of silver is found to bo partly converted into iodide, 
nnU no longer dissolves completely in ammonia. Silver iodido is partly decomposed 
by a strong heat, with evolution of iodine. In dosed vessels it volatilises at a wbito 
heat. 

On the compounds of silver iodido with silver nitrate, sco Nituates (p. 860). 

8niiVS& OXX1I88* To decide whether tho alkaline reaction of silver oxido is 
duo to adhering alkali, or belongs to tho oxido itself, A. Vogel {K. Hep. Pharm. xx. 93) 
precipitated an acid solution oif silver nitrate with lime-water, keeping the silver 
nitrato in excess, and washed tho precipitated silver oxido thoroughly with hot water. 
The still moist oxide, laid upon reddened litmus paper, immediately produced a distinct 
blue spot, and on recently prepared turmeric paper a brown spot. Silver nitrate also, 
especially after fusion, has, according to Vogel, an alkaline reaction. Ory^stals of 
silver nitrate lose their acid reaction and become alkaline when their solution is boiled 
with silver foil or silver oxide. 


Peroxide, Ag*0*. — For tlio preparation of this oxide, Bdttger {Zeitechr. f. Ckem. 
[2], vi. 82) recommends tho electrolytic method employed by Ritter (r. 808). Tho 
poroxido sets Are to hydrogen sulphido and oil of cloves, and eliminates nitrogen from 
aqnoous ammonia, as formerly observed by Grotthuss {Jahreah. 1852, 423). When it 
is triturated. with gold sulphide, the mixture quickly takes fire. 

SlXiVlUft' SWbVSIBBSa A double sulphide of silver and iron, called 
pyrites, occurring with proustite in the mineral veins of Joachimsthnl, forms, according 
to S. von Waltershausen (Jahrbuch.f. Min, 1868, 725), very snuill monocliuic crystals 
of hexagonal character. Colour, light leail-grey witli a tingo of yellow ; streak black; 
‘ brittle, ftacture uneven; hardness ■■ 3‘5; sp. er. « 6'47. An analysis mode with a 
very small quantity of material gave 39'3 p.c. Fe, 26*5 Ag, and 34*2 S, agreeing with 
the formula Ag*S.3Fo®S*. Acco^ing to Tschormnk, however (ibid, 726), silver pwites 
is not a distinct mineral species, but a psoudomorph (consisting of marca8ito,pjrrnotin. 
argentite, and pyrargyrite;, and probably identical with Zippo's pseudomoriph of iron 
pyrites after pyrargyrite and stephanite. On the other baud, A.jSchiauf (t5td. 187% 
94ViDaintain8 that the mineral is not a pseudomorph, but a dittinct species, 
lising in the rhombic system, and isomorphous with sternbergite* Re found tho 
specie gravity to be 6*68 at 13^, and the amount of silveir 2V2 and 22*3 
aWe foimula requiring 24'77 p.c. ‘ ^ « 

On the nUphide of silver and gold, 6Ag'S.2Aa’S*, discoveted by Muifi w® 
(P-676). 

■xaiiciwnni Bloedite.^A sodio-magneiic’ sttiphate, Na*SO*,Mg90^+4fl*®' 

OQ^rring in the carnallite of Stassfhrt (Jahrcsb. f, 187li 1181 ; ' 187% 

:fl|^ C**H*«N*S*0”. A constituent of the seed of white ^ 
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to a mineral from Snarum in Norway, agreeing in ctraposilion with spodumeno, hut 
differing from it (being micaceous) in physical properties : 

SiO" Al-0“ Fe"0» Mn-O" CqO Na“0 Ll“0 

67’42 28*21 0*42 0*18 0*24 09*3 2*15 0 23 « 9978. 

SOSA« On the composition of Crude Soda, and the loss of Sodium iu Lobiauc's 
process, seo Scheurop-Kostner {CompU rend. Ixx. 1352; Jakresh.f. Chem. 1870, 114); 
also Macleap {Chem. NewSf xxv. 64; Jahresh. 1872, 976). 

On the quantity of Arsenic introduced into the products of the soda-manufacture 
from the pyrites used for the preparation of sulphuric acid, see H. A. Smith {Chem. 
xxiii. 221; fTflAnsA. 1871, 1014). 

On tlio recovery of Sulphur from Soda-waste, see L. Mond {Dingl. pol. J. ccii. 2G6; 
Jahresb. 1871, 1015), Stahlschmidt {Dingl. ccv. 229 ; Jh/wwA 1872, 977). 

Bachot’s process for preparing caustic soda by decomposing common aalt with 
litharge and lime is described by E. C. Clapham {Chem. News, xxi. 148; Jahresb. 
1870, 1114); further by Clapham a. Ball {American Chemist, iii. 181; Jahresh. 1872, 
078). 

A "method of preparing silicate of soda by decomposing common salt with silica and 
aqueous vapour is given by A, Ungercr po/. cxcvii. 343 ; Jahresb. 1870, 

1116). 

SODXUlVCs On the solubility of sodium in b'quid ammonia, seo p. 60. 

Bromide, NaBr. — Castelhaz {Compt. rend. Ixx. 1050) prepares this salt by decom- 
uosiijff ammonium bromide with an equivalent quantity of pure hydrate or carbonate of 
Bodiuin. The iunmonium bromide is prepared by dropping bromine into pure dilute 
ammonia, and purified from tlie much more soluble iodide by rccrystallisation. 

Chloride, NaCL— On the crystallisation of this salt in transparorit cubes from solu- 
tions containing ferric chloride, magnesium chloride, &c., see Buchner (N. Hep. Tkarm, 
XX. 151 ; Jafiresb. 1871. 274 ; Chem. Soc. J. [2] ix. 311). 

Hvdrate, NallO.— O. Hermes {Pogg. Ann. cxix. 170; De7tt. C^.Ges. Ecr. in. l22) 
observed that a solution of caustic soda, of sp. ST; 1 ’ 365 , cbposits the 
teinporaturos in crystals having tho composition 2NaH0.7H-0. These "Pbxls ^tie 
doHcribod ill 1863 by G. Eoso, who regarded them as monoclimc. According to 
Hormos howovci-; are rhombic prisms of 98® slightly truncated on the imuto 

latoittl edges They are transparent and colourless, with a vitreous lustre, ^ ’ 

l^tpStoloraliy j.u«from a solution of caustic soda contaming chlondo. snl- 
piiato, and carbonate of sodium. 

BOWJLTAKAa. On th. gasos ovolvod from tho solfotaras of Vesuvius and tho 

Campi Flogroi, see Gasbs (p. 660). . . . 

ri.H«n, This acid, ■which Hofmann ohtained from unripe 

mS^h^;(v 36i). has be., further osamin^^ 

^ excepting as to its 

uiatiii n DutwiucubB wawa , — - •. ^ ..-—--aUjon Thov find indccd, tlj-ftt tlio 

alleged capability of volatihsi^^^ Mrt°of it distfuing uiinltorod at this tempetaturo, 
pure acid begins to boil at 2^ . P*!* ?* “ . disti^t odour of acrolein, into a very 
while tho rest is orniverted, with emission of a ^ 

thick brown mass, hardening on cooling to a resin, from wnicn 
generated by boiling with -water. , . with 2 mols. bromine, a semifluid 

When 1 mol. aorfiie acid is tritura^ un^ ^eid CH-Br^O* 

mass is obtainwl, consisting of the solid iSwhich is probably 

— isomorio or .identical -with ™de TWoduct iAot alcohol, and leaving 

the dibromide CHWO’. On ‘^Stolvaporato spontaneously, a 

tho solution to cool, or allowing tho ®h:^ mother-liquor, solidiflea for the 

thick oil ia obtained ■which, when dissolving it, and repeating 

greater port, iu a few days. By pre^-g *0 pr^^h di^y^^ ^ well-deflned, 
operations several tinaes, the tetpbromid jju,. a vitreous lustre, and no 

apparently ttonotfliniO t*y'!^;^7*"S«®iS,ridSrThis compound is very sprang 
longer separate from hot alcohol in ^ li^td e^tolliec* therefrom in eapillw 
aolttble irwator oveh at the boi i»g hoa^ ®tolKvhouatcs, and is precipitated 
newUos. It malts at 178*-ir«*. <hs 80 lTes m alkaline caiw 

t altewt*®*- » to th# olmc series, and 

■yteowwM# fcrmsdbytw"^'* '“>1! 


tbetefrom by aeidi witl^ut altorutiov* 


isomeric with ^Bytotetfcbla 

irith 



1092 


BOBBIN. 


odour oi perspiration and slightly soluble in water. Sp. gr. 0*969 nt 10^. Boilinn 
point 201° (204°-205° corr.) Bomaina liquid at — 18°. 

Cktioium Hydrosorbate, (C®H*0*)’Ca + H*0, crystalliBes easily in groups of small, 
very soluble needles. The barium salt, (C*II*0®)®Ba, crysbillisos in very bcautifui 
anhydrous needles having n silky lustre, easily soluble in water. The copper salt, 
(C*H*0*)*Cu, is a greonish-bliio precipitate which loses part of its acid at 100°, and 
melts to a deep green liquid at 180°-185°. The silver salt, OH*0‘‘^Ag, is a. white pre- 
cipitate insoluble in water, turning brown at90°-100°. Tho ethylic ether, C®H®0®.C“Hs, 
is a colourless liquid, having a fruity odour, boiling at 166°-167° ; slightly soluble in 
water. 

Bromine acts violently on hydrosorbic acid nt ordinary temperatures, with evolution 
of hydrogen bromide, but nt low tomperaturcs the additive compound, 
hydrosorbic dibromido or dibromo-caproic acid, is formed. It is a colourless 
viscid liquid insoluble in water, reconverted by alcoholic potash into sorbic acid. 

Hydrosorbic acid is not altered by heating it with potassium hydrate to 180°; but if 
the heat be raised till gas begins to bo evolved, carbonic and butyric acid are formed, 
but no other acid of Uio fatty scries. 

Constiiutim of Hydrosorbic and Sorhio acids , — Fittig a. Barringer represent hydros 
sorbic acid by the formula : 

.CO.OH 

CH*— CH*— CHC 

^CHnCH* 

which accords best with its behaviour with fused potash, whereby the group CII=Cn* 
is split off and r^laced by hydrogen, producing butyric ncid.CII® — CH* — CH" — COOII, 
while the group CH — CH* itself is oxidised to oxalic and linnlly to carbonic acid. 

Sorbic acid may be leprescntod by the formula : 

^CO.OH 

CH*=CH-CH<f 

^CH=Cn 

which e^lains its probable resolution by distillation into two molecules of acrolein, 
CH*=CH— COH, and is analogous to that proposed by Fittig for sorbin, viz. : 


OH‘OSt-<3H(OH)— C(OH)<f 


CHO 

CH(OH)— CIP(OH) 


Barringer a. Fittig doubt the existence of Hofinaun’s parasorbio acid, and conclude 
from their experiments that it was nothing liut impure sorbic acid. Hofhiann do> 
scribes it as a liquid having less decided acid properties than sorbic acid, and dismlv- 
ing in alkaline carbonates without evolution of carbonic acid. Barringer a. Fittig, 
however, find that it dissolves in warm sodium carbonate with violent evolution of 
carbonic acid, and that the filtered solution, concentrated and mixed with hydrochloric 
acid, yields pure crystalline sorbic acid. 

SOXBOrf C*H**0*. — A sugar, isomeric with glucose, obtained from the formcntfHl 
juice of mountain-ash berries (v. 362).* Pelouze, who discovered it, was unablo to 
decide whether it existed ready formed in the fruit, or was a product of decomposition. 
Byschl (jahresb,/, Ckem, 1864, 664) found no sorbin in the juice of ripo mountain-ash 
berries; and Bolffii {Chem, Hews, xxiv. 76 ; Jahresb, 1871» 799) has obsen'ed that no 
sorbin is obtained when an attempt is made to combine the preparation of malic acid 
from the berries with that of sorbin, tlio m^ic acid being for that purpom pre- 
mpitated by lead acetate before the preparation of sorbin by Pelouze's process is com- 
’ When the latter process is strictly followed, a largo quantity of sorbin 


cx^stals is obtained, but fio malic acid is found in the fl^entM juice. Belfib the^ 
presupposes that there is an intimate connection between the disappearance m th® 
malie ac£d and the formation of sorbin, which may perhaps be represented by to® 

mmOM. C‘H»(C»H*)0* + IPO - 

AcMmnUo BorWu 

At all evente, sorbin does not exist ready formed in the berries of the moun^n- 

ash# ■ » 

Cflpririn, treated with ftfcmfes and water, oxidmed to glycoUicacid (Hlasiwri*®* 
i^^ tiipexinann, Ann* Oh. Pham, civ. 120), ' ■ ; ^ i* 

SOMraiU C*H”0* (Boussingault, Chmpt, tend, l!ait, non-f«p®ttp^*JJ 

•n^, ieoiiMrif witliinianniU and^ diticitei obtoined fbn^ ths jnieb' ^ 

* There eSUed iofSpr^ 
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berrioB. It may be separated &om the fermented juice^ but is not a product of fermen- 
tation, since it may^ also bo obtained from the fresh juice imtncdiatoly after expression. 

Sorbite is nearly insolublo in cold alcohol, moderately soluble in boiling alcohol, from 
^hich it separates on cooling in translucent, opalescent, varty masses. From aq^iicous 
solution it is obtained in nacreous crystjils which have the composition 
and give off their water of crystallisatioTi when heated above 100®. It differs from 
inannito and dulcito by several properties. It melts in the hydrated stsite at 102°, 
in the anhydrous state at 110®-111°, whereas mannito melts at 165° and dulcite at 
]82°. With water it forms a syrupy solution which, after some time, deposits crystals, 
whereas an aqueous solution of iminnito has no syrupy consistence. The crysUils of 
sorbite are so thin that their form is difficult to determine, whereas mannitc forms 
quadratic prisms, and dulcito oblique rhombic prisms (sorbin also forms well-defined 
crystals, v. 352, 353). It is inactive to polarised light, and does not rodiico an alka- 
line cupric solution. Sulphuric acid docs not ca-rboniso it, oven with the aid of heat, 
but dissolves it, tho solution neutralised with barium carbonate yielding insolublo 
barium salts. , , , 

SPSOTXAK AWA&T8Z8. There appears to bo little doubt that difterGnces 
in tho molecular structure, as in tho case of allotropic modifications of tho elements, 
and also in the case of compound bodies, are accompanied by distinct diflferenccs in Uie 
spectra of these substances. From a theoretical point of view this would appear 
likolv, as tho vibrations taken up or given out by a complicated system of molecules 
must bo difforout from those absorbed or emitted by a simpler system. The 
dificranooa botwflou tho spectra of clomentary bodies and of rompounds has alr^ 
(Isi Suppl. 1031) boon pointed out. Tho cliatactcrisUc of the com^und-spclOTm, 

M soon ^ tomperatures below tho point of dis^iation, is that it consists of " 

of hKht, each containinj/ rays of more than ono dogi^o of rufranR.bUty ; 
whilst that of tho clemcntary-spcctnim is tho existence of ilM lines, e^h of '> 
TL X contains light of one aegreo of refrangibility only. 'Those definitions how- 
’n“t hold g4l imivc^llyy^thus in s^m 
Vb Mn Cil Sn Zii, Sb, and Ba (Lockycr, Phd. Iramt. 1873, -tart a. piatcs ii, 

W^b'ando occur which arc especially scon ns ’nitron, 

ahsorplaon-gpoctra of certain compounds, as those of f ® 

ato chiefly niade up of masses of tho finest hues and are not 

(te: cU.) piiposes to extend begins 

sLagua after that of the refrangible rays, (5) in which the 

at tho blue end and does not extend into divisions as 

general absorption begins in *'J^Ynts’lLnv as cjm safely bo relied upon, and we should 

(him those of the domente tot no jjnd hydrogen, widen under certain con- 

fer instance, certain line^ aa thoso o^ nioliined by supposition tliatthegas is 
dilions : and that Uiis i., B^^turo,^is shown by tho fart that these 

becoming of a more complitsated molecu than that at which tho lines are 

hands make their appearance at ® interposed in the circuit of a Gcisslors 
frequently seen ; thus when the ^nSiere it is ovidont the temperetute 

tube containing hytoigon, the tne^ without tlie jar. 

cannot be lower than when the nar^ anectrum for any given elomontiipr body, 

As regards the oristence of more than we ,ith. which 

WO have in the case rf Bulphur of chaunollcd spaces. In tho case of 

brcRks up on heatiug^nto a ^.^ion-spectrum of the denser ozone would tat 

oxygen should expect C S 

hibit a differohce from tiiat of ® recently been much work^ 5*^ ’irtin 

yot to be made. The spectrum of ite^ spectrum (iW m 

out, however, completely solving ^ ^ of air or oxygen is 

^ - nifroffan containing _a trace oi « ^ ^ nitrogen bai 
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(perhaps the greaso of Mb ficuss stopcocks); Steam sa^ the acotylene-spoctnim 
g^bably because he used Bodmm which had. been iu contact with rook-oil); and 
cluster saw only tlio hydrogen lines (his sodium never having been in contact with oil). 
The fact that the lines of hydrogen appear, whilst no nitrogen lines arosoen, is certainly 
very rexwkable, and cannot bo easily explained ; for a mixture of air and hydit^cn 
always gives the air- as well as the liydrogon-spoctmm. Thus ammonia gas collected 
with great care, and decomposed by the spark, always shows the aijt band together 
with tlie hydrogen lines. - It is x>ossible that the nitrogen lines are not seen hy reason 
of the bad conductivity of the gus. and the most probable supposition (in spite of the 
experiments and conclusions of Wullnor and Salct) appears to bo that tlio ordinary 
band-spectrum of nitrogen is that of an oxide. At any rate, if this is duo to nitrogen 
itself, this substancu must exist in three olLotropic modifications, for the band-spectrum 
consists of two different spectra, the red bands and the blue bands. These two spectra 
can readily bo separated so that ono tube shows only the reel and another only Uio 
blue bands, the former corresponding with a higher temperature than the latter. As 
regards hydrogen there can be no doubt that Angstrom’s opinion (ibid, 1032) is correct, 
and that only one spectrum of hydrogen is known. 

^ Qold.stein (Phil, Mag, [4], 49, p. 333) has recently come to the conclusion, in opposi- 
tion to Wiillner’s views, that tlio chango from a band- to a line-spcctriim in the case 
of gaseous spectra is to bo ascribed rather to a chango of temperature than to a change 
of density in the gas. 

Absorption- Spectra of the Metals , — New absorption-spectra of the metals so'.lium 
and potassium have recently been observed by lloscoo and Schuster (Proc. Hoy, Sw., 
June 11, 1874), who examined the alxsorptioii of the vapours of those metals at low 
temperatures, first heated in glass — and afterwards iu iron tubos.^ These now spectm 
are of a complicated character, consisting of several splendid series of chaniicllod 
spaces both in the rod and blue portions of the spectrum ; that these are caused by the 
vapour of the metals in que.stiou, and not by uuy oxide, is proved by the facts that 
the metal conUiined in tlm sealed glass tubes w'as frequently molted and allowed to 
fltahd until the surface remained perfectly bright and luctullio, showing absence ol' 
ei^ery trace of oxygen ; also that when the metals were heated ih an iron tube filled 
with hydrogen the peculiar bands disappeared at once when air was admitted. Tho 
following numbers give tho wave-leng^s of tho chief bands of theso two spectra iu 
tenth-metres. 

Bands of potossiam shaded off towards red : — 


68441 

6450'^ 

6311] 


6049) 


6763\ 

6762 

6430 

6300 

■ a 

5930 

0 

6746 

6710 

6400 

6276 


6901] 


6732 

6666 

1 6370 

" 6367 

1 6069, 


6860^ 


6712 

661'5 

® 6033 


6842 


6700 

6672 

6360 

6012 

•3 

6821 

17 

6690 

6634 

6331 

6986 


6802' 

p* 

[• • 

6674 

6494 ^ 

6322^ 

6964 J 


678tJ 

[■ 

6667^ 



636K 

6105. 

^ 6999 

0 



6272 

6092 

6160i 


4927 

•a 

6236 

« 6071 

a 6120 

6082 


4889 

om 

■* 6061 

•7 

4863 


6162 

6036 

6088 


4832 


6140^ 

6016^ 

6002) 


4810^ 


Absorption bands of sodium, wave-lengths in tenth-metres : — 

S668v 
6616 
6552 
6409 
6450 
6405^ 

. From this wo see that each of the alkaline metals eidiibits two distinct ahsorptioD' 
spectra, one consisting of channelled spaces and one of dark^ lines coincident with the 
ordinary emission-spoctrum of tho metal. 

Lockyer a. Boberts (Proo, Hoy, ^c. xxiii. 864) hare obtained absorption-spectin 
of several heavy metals by volatilising them in a Ume cnicibft heated by the oxy- 
hydrqgen flame, and they thus found that, in addition to the .iroU-N<>wn 
dmnnelled-i^ace^spectra are produced by tlio vapours of certain metalei »nq w®“ 
spectm are produced by vapours which are competent to give, at other 
line-spectra, but continuous spectra in the blue or blue and r^. . ; 

MtUUHc 8pecira,--r-A, most remarkable f^nro in tho spectra 
pointed out V Lockyer 1878; 253)v vis., that when the elobtl^ 

speptmm of any motal-^say of iron--is examined by throwing An' of 
electrodes on to the slit of the spectroscope, a difference in Ungtk. 
motailic lines is observed | and in this way, that the bHgh&t ; 
is In other words, tho vsQohte dM 
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gnec^ t^o com^nd Qubits onty tlie longest and brightest ofa“o metal Sn» 
all ^e shorter lin» (‘‘b is the case under diminished pressure with the metal alone) 

«?<» »«>» i» thB spark-spcetrum o^ 


Imving disappeared. The pro^iorrthrSZe^^^^ 

the comTOund app^ to be conueeted with the atomic weight (or, mweproSibly.^th 

trum of the chlonde of lithium, wbraeas 8 p.c. of the barium, and only 8 p.c. of the 
load, lines are seen under like conditions (Lockyep) 

knowledge of metallic spectra has recently been 
made by Thalon (J&myt Seatsfe. Vet. AM. Ilandl. Bd. 13, Ho. 4, 1874), in his 
accurate maps of the spectra of Yttrium, Erbium, Didymium, and Lanthanum. 

Applicationa to Solar Chemistry^ — ^Lockyer applies these observations to elucidate 
the pw-uliarities of the solar spectrum. It is woU known that all the lines of tlio 
metallic elcmouto in the solar atmosphore are not reversed, but witJioiit exception those 
lines ■which, are found to he reversed arc the longest lines. Applying' tJiis discovery 
J^ckycr has imdcd the following mctiils to the last list of solar elements given by 
Ihnlen: 1. {Pro^. Roy. Sac. lX*c. 12, 1872) zinc (rejected by Thalen fjrom Kirehhofl‘s 
first list); 2. {ibid.) aluminium (rejected both by Kirchhoif and Thalen); 3. {ibid. 
Nov. 27, 1873) strontium ; 4. cadmium; 5. lead; 6. cerium; 7. uranium. 

Map of the Solar Spcctrufn.-~-Lockyer is engaged {Proc. Roy. Soc. xxiii. 152) in 
mapping the portion of the solar spectrum, together with the spectra of the metals, 
extending from w. 1. 3900 to 4100, on a much larger scale than Ims hitherto been 
attempted, viz. nearly four times tliat of Angstrom’s ‘ spectre normal/ This has heen 
done by the aid^ of photography, and the spectra of the following elements havo been 
photographed side by side with tho solar spectrum, and the coincidences shown : Eo, 
Co, Ni, Mil, Co, U, Cr, .Ba, Sr, Ca, K, Al. Tho advantages of tho photographic 
method over eye-observation may be estimated from tho following comparisons of tho 
number of lines obtained in tho above region by different observers : 

Number of lines in Angstrom’s * Spectre normal’ • . .39 

,1 „ „ and Thalen’s map . . . 185 

I, „ Cornu’il map 205 

I, the New map 518 

It will serve further to illustrate the advantages of this method if wo comp:iro the 
number of lines in die spectra of metals already observed with tho nuinbor of lines of 
the same metal as by Angstrom in his * spectre normal * : 


Region 3900 to 4100. 
New map 


Angstrom’s 
map and 
Thalen’s 


Fo t 


. 71 





19 

Mn . 


. 53 





12 

Co . 

• • • 

. 47 





— 

Ni . 


. 17 





— 

Ce 

• ■ ■ 

. 163 





— 

U . 

« • ■ 

. 18 





— 

Or- . 


. 24 





— 

Ba . 


. 7 





— 

Sr . 


. 5 





— 

Ca . 

Vo • • 

7 





6 

K . . 


. 2 






Al . 


. 2 


• 



2 


Total . 

, 416 

*■ 

Total 

• 

• 

39 


ef Ch6iidMl Xhn^ 1873, 285) has invosti^jat^ the 

iMimber and position of the to metallic fines seen wbenthe ejectnc swk “ 
b> pass from Wo^ compounds of the given metal. The following 
oxaminod— PbP* PbS*^¥hBr*. Pbl*; and it appears that the dcctoo in J^ongth and 
number of tho in the case of above salts 

in the atom^ the Unoe dying out in tlio order of 
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their length. In other words, the greater the nnsiiher of me^lie linos which appear, 
the greater is the amount of dissociation going on. This was also found to bold good 
with the haloid compounds of the motnls of the alkalis and alkaline earths. 

Spectra of Mechanical ‘Mixturea of Metah , — When an alloy of two or more metals 
is used as electrode, only certain of the lines of each metal are seen, and Lockyer (loc. 

has shown that the lines of the metal present in smallest quantity appear iu least 
number, the shortest lines disappearing first as the percentage of metal is reduced, so 
that at last only one or two linos, and these the longest linos, remain. 

Suggestions for a possible quantitative S^trum Analysis . — By making use of tho 
observations mentioned in the last paragra^the foundation of a quantitative-spectruia 
test is rendered possible (Lockyer, PhU. Trans. 1873, 261; 1873, G55; and 1871, 
4811 Lockyer a. Koberts, Proc. Roy. Soc. 1873, 607). A series of experiments inadi! 
with the gold-coppcr alloy used in coinage showed that it is possible, by carefully 
adjusting tho striking distiincc of tho spark, and by accurately observing tho difibrenciis 
of length and breadth of oertaiu lines soon in the spectrum of the alloy, to distinguish 
by spectrum observations differences in tho composition of tho alloy even sniallcr tliau 
those ascertainable by tlio ordinal^ assay. Thus, in the above alloy, yogh increase in 
the gold made the lines shortor, and a similar increase iu tho copper made them longer. 

Should it prove possible to ensure accirracy of observation and uniformity of con- 
dition, the pKictical importance of this branch of tlio inquiry can scarcely bo overratod. 

Photographing Spectra . — No process of mapping or drawing spectra of any kind (win 
compete in accuracy and delicacy with photography. Tho photographs of the solar 
spectrum obtained, first by Rutherford and more recently by Draper (PhU. Mag. [4], 
xlvi. 419), are models of accurate expurimontation. Iiockycr has applied this process 
to tho delineation of the spark of the clcctric-arc-spoctrum {Phil. IVans, 1874, 484, 
Bakorian lecture), a camera carrying a 6 x 6-inch plate and a 3-inch lens of 23-in. 
focus replacing tho observing telcscopo of tho spectroscope. The beam passing through 
the colbmator and prisms was very small ; the electric lamp was plac^ on its side so 
that the arc was horisontil, and thus the image of the short lines was projected on to 
tho middle of tho field, tho longer ones extending beyond them on either side. The 
solar spectrum was used as a scale, an imago of it boing^ allowed to fall immediately 
a^j^ont to tho metalUe spectrum under examination. Ror this purpose a portion of 
the slit w*i8 covered up whilst tho solar-Bpoctrum passed through tho free part. This 

f ortiou Was then closed by a shutter, and another portion opened for the metal-spectrumn 
n this way several meUllic spectRi may he photograplied on a single ]^ato, and tho 
solar spectrum may bo added for (comparison. Of course maps of only thbiw poitions 
of the spectrum can thus be .obtabied in which the rays are capable of acting on tho 
sensitive film ; but, on tho other hand, this mothc^ is capable of giving us informa- 
tion concerning the existence of lines in tho ultra-violet portion of the spectrum which 
are invisible to the eye. Lockyer {ibid. 1874, 806) has constructed maps of the spectra 
of calcium, barium, and strontium from photographs taken by the method aijovo 
described. Tho maps comprise the portion . o£ the Bpoctrai||ii extending from wave- 
length 8900 to wave-length 4609. 

On Lines coincident in different Spectra,^lM^kyvT (loc. cU* 611) has come to the 
conclusion that many of tho cases hitherto supposed to be coincidences of lines in tlic 
spectra of two metals are duo to the presence of traces of the one metal ixi the other. 
He bases his conclusions on tho fact that most of these so-called coincidences, such 
lino 4607'6 of strontium, are found to he long in tho spectrum of ono metal and short jn 
that of the other. Thus Uio above line is long in strontium, appears in calcium as a 
short line, and the coinci;|fince is duo, according to Lockyer, to tho presence of * 
of strontium in the calcium, This is as a rule true in the case of those j**®* Jjf 
cobalt, chromium, and manganese, coincident with lines of ctilcium, which ' 

dum-Bpectram are long, but iu that of the oihec metals are soon to be short Hod ' 
Lockyer concludes, wo are justified in assuming that the shcH lines seen ihihe spoc 
of tho above metals to be coincident with long and strong lines of calcium, a*® rea y 
due to, tniMs of. tho latter metal occurring in the former- aa. an impurity. - 

On Sie of the Bessemer*Flame. — Receixt- observations made 

M^iriudl the Barrow Hmmatite Iron and Steel Company's Wow 

[4], 46 . p. $1, W73)^ prove that the paculias. lines seen in thb spectwm of tfl* 
nshie ore due to i^e presence of. an' oxide of nliUigaoese, and not, os wup*"*^ 


oa godl ground supposed, to that of carbon, The xeaulta of 
givwinadiogrsm whlch^'showsthe Bp^rm scale of Wato-^WB. 

gjhre&-wp6d the same scsle the .iweobrum ^ fron, Ikows 

the and that of Oxid^ jW^Wnganese. A compodton of theie 

that Wto'^miegel-ijwtom' tettweatiaUy toff. ^ 
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iron, sodium, and lithium, is essentially tha spectrum of oxide of manganese. No lines 
certainly known to be produced by carbon have boon observed. It has been repeatedly 
affirmed that the lines in the Bessemer-spcctnun are due to metallic manganese, and 
this lias been as frequently denied. The above experiments prove that no single coin- 
cidence is observed between the spark taken from manganesci poles and the Bessemer- 
spectrum ; but that if the spectrum of a manganese oxide is obtained by bringing pyro- 
lusito, manganese chloride, or other manganese compound into the oxyhydrogen flame, 
the coincidence between the lines thus obtained and those of the BessoincT ilamo is so 
complete ns to convince any one who sees them that the two spectra are identical. It 
is, however, singular that these bands should be seen with equal or nearly equal 
brightness when iron containing a more trace of manganese is used as when a hi^ily 
manganiforous iron is worked, and still more strange tliat this spectrum, which is not 
that of carbon, should disappear at the exact moment when all tlie carbon is burnt 
out. Possibly tho point which it is necessary to hit is not that of the exact removal of 
the carbon, but that at which the injurious oxidation of the iron begins, and this takes 
place when the quantity of manganese becomes too small to combine with tho excess 
of oxygen. 

On the Carbon Spectrum. — W. M. Watts (PAtX Mag. [4], xlviii. 456) has shown that 
tlic so-called second spectrum of carbon, obtnincxl by passing the induction spark tlirough 
tubes containing carbonic oxide, ciirbonic .acid, or olefiant gas, is in reality the spectnim 
of an oxide of carbon. Por when tho gases giving this spectrum aro heated with 
metiillic sodium, the spectrum changes to that known as tho first carbon spectrum, 
whilst if oxygen be again introduced, tho bands chciracloristic of the second carbon 


spoctruni reappear. 

On the Spectrum of the Aurora Borealis . — The late Professor Angstrom, to whom 
this branch of science owes so much, has recently shown that a spectrum containing at 
least throe of the lines of tho aurora (viz. 428*6, 470*3, and 52*2-6) can bo obtained hy 
passing an induction discharge through a partial air-vacuum over powdered idiosphatxj 
of lime. A violet light thus obtainal, similar to that which seen onlyat the 

nccativo pole, fllls the flask, and gives the following lines— 427'2, 470-7, A 

red lino about 630 and tho bright yellow band am not 

way in which Angstrom can account for this is that it probably owes its to 

phosphorescence or fluorescence. The spectnim of the nurwa 
• to Angstrom, of two distinct spectra ; ono consisting of this S, 

md t&Tothor of citreraoly feeble bands of light seen only in the st^ngost ^ 

H 0 Vogd who has also recently carefully examined the aurom-spectrum, 
feme to tiio &uXi that it is to he Warded as a medified air-spectrum. 

ConwUtry Hh^ns raShiithata 

small comets examineil in the years 1866, 1868, but light emitted 

great part of tl\o light of these comets ^ pxi'stine botwoon the three bright 

by the matter of the comet, and that the ^ lines of carbon com- 


thati;.Ti„„ arc duo to carbo^^»«--“" . 

#11 carbon wna not obser^ *r,Xng^^bieh ^ dark lines or bright, lines. 

3. A^poo^otw spectrum of . . 

Other the above-inentioned three msoous spectrum in tho coma, 

8, AoimtinuOM s^nm wM* is^rtlyduo to reflect^ 

which ropMsanU almost entn^ and naitly probably derived from the 

Minlight, « a portion of tho tight w ^Isnsed. and paruy P _ 

comet itsel£ <: , , <■«. niffieient heat to maintau* this 

Tho dilBeali^vl^ ^ifei^ ' 
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matter and the nucleus in a stiM^ of incandescenco has also to bo encountered in 
aspect of the gaeeous matter, which emits the light and is resolred into bright bancls. 

Henyier.(0bm|»/. rend,) has shown that striped muscular fUj^o acts os a diffraction 
grating, and on this principle ho has constructed a * muscle spi^TOBCope.’ 

Pseudomorphs of spinel after chlorito from the dWtect of Slatonst in the 
Ural were found by y. Kokscharow a. Nikolajew ^ahrb,f, Min, 1870, 102) to contain 

SiO- A1»0" PeO MgO 

2’96 68 06 18 01 10 82 o 100'75. 

BPlXlTa Tho * first runnings’ of the distillate obtained in the manufacture of 
alcohol from sugnivboct, and fron^ molasses, consist chiefly of aldohydo, together with 
paraldehydo and motaldehvdc ; they also contain crotonic aldehyde, and, according to 
Kramer a. Pinner, acetal (soo Aldbhydb, p. 32). 

STAFFBXiZTB. This calcic phosphate, occurring together with carbonate 
fluoride, &c., on phospliorite at StafFel, and in other localities (l5^ Suppl. 1037)i is by 
some mineralogists regarded merely as an impure apatite (sec Jahresh. f, Ckcm, 1870, 
1317; 1871. 1172). 

BTAKXriC OOMPOUmS. SeoTxK. 

BTABCB. On the structure of starch-grains, see Hartig {Wien Amd, Bcr. [2te. 
Abth.] Ixiii. 605); Jahrtah,/, Chem, 1871, 789). 

On tho size of starch-grains, soo Schoiin {l)ingl.pol. J. cxcv. 460 ; Jahresh. 1870, 
1189); llocls.{Und. 1872, 1021). On tho morphology of starch-grains: Hock {Wiesner^s 
Mikroscopieahe .Vntereuchungent 55, 71 ; Jahresh, 1872, 1021). 

lieoctiMS : 1, With Diastase. '^Lccording |o Schulze a. Ifliirkcr J. cevi. 

245), the lormont of malt-extract does not, like sulphuric acid, convert the whole of 
a given quantity of starch into sugar, but only tho half of it. They conclude from 
their experiments that tho action of diastase consists in tlie formation of a dofinito 
compound of sugar and dextrin, according to tho equation : 

gC-H**©* + H*0 - C-H*-©* + C«H«0« 

^ fiteroh Dextrin Sngar 

O’Sullivan {Chem, Sod^ J. [2], x. 581) finds that the ultimate product oi tho action 
xA malt-extract on starch is maltose (v. 798), a sugtir isomeric with milk-sugar, and 
capable, according to his obMtvatlons, of reducing only two-thirds the quantity of 
cupric oxide that is r^uced' bjrdextroglucoso (p. 766). By the prolonged action of 
acids, this sugar is completoly converted into doxtroglucose. On the action, of mnlt- 
extract on f torch, seo also Sdiwarzer {J. w. Chem. [2], i. 212; JahrcA), 1870, 864) and 
Contarot {Compt.^rend, Ixx. 282; Jahresh. 1870. 1195). 

2. With Acetic Anhydride. — Starch-powder heated to 140® with about three times ^ 
its weight of acetic anhydride containing 10 to 15 p.c, of acetic acid, swells up to a mass 
which, when washed with water, yields triaeotyl-amidin, C*H'(C*H*0)*0\ a white 
powder, insoluble in water, olcdhol, etlier, and glacial acotio acid, not coloured blue 
oy iodine, and reconverted by saponification into tho original insoluble starch, which 
gwes the blue reaction with iodine. If tho mixture of starch and acetic anhydride is 
heated to 160®, a triacetyl-amidin is also formed, insoluble in water, alcohol, and 
eriier, but differing from Uio former in being soluble in glacial acetic arid, and in 
yielding by saponification soluble starch. At higher temperatures a similar tri- 
ackyl-amidin is also formed, which, however, is copveriea by aaponifioation mto 
dextrin (Sebiitzenborgor, Ann, Chim. Phys, [4], xxi. 285). _ , . 

8. With Iodine . — ^According to jDuclanx {Ann. Chhn, J^ys, [4], xxy, | 
ren^ Ixxiv. 583) the formation of iodide of starph is a physical 
the absoi^ion of load-salts by charcoal. This conclusion is based on ttp * 

a. The composition of iodide of starch is not constant, b. When ibdind to w 

aqueous solution of starch, it does not act on the stansli till the water haa^taMp up a 
certain quantity of the iodine in the free stato-^thatis tosf^* the iodihe fi^ 
in the water, then becoinrii^ividcd botweeu the water and ^ gtareh, 
does the blue colour appear, c, Hie quantities of iodine whl^ me^^ 
the water to produce the colour vary, under otherwise 

temperature, arid this explains the decoloratioh (ff iodide^ irta^h PJ ^ 

time at which the iodine begins to act uppii the storch 
roto|:ded by ecarcoly rccognisette causes^ 



STARCH-STRYCHNINE. 1099 

pends upon the time.'jwUiko^o nl^ntion™! ’"dine, starch and water de- 

^ The xSaotions of sl^h wiSi by cliapco: J. 

Griessmayor (.<«». Cd. >daiwi.cli^40- '‘“‘"'ined by 

starch.pasto is in a t|»te of continual’chaX’ ^‘nlT’P ’ *’f ^fi’’‘'*,'’<>“dstliatfiItopea 
dextrin which gives i rod colour to* ^?no’ •*"<»•' >"to a 

dextrin whidi gives no coloration with iodine — * 
acid products. Tannic acid added in exeexs ^ and finally into 

unaltered starch is present, this nreeinitnte Hix « ** pmaintate as long as any 

appearing on ccwHng. P««apitatc diw-ppearing on warming the liquid, and re- 

s®" 0- Knab (Chem. 

OiL.^^.l^iv.lo^’' “ '““^«rted into dextrin (Schiff, Deal. 

have tll^dl^S^Tn characters of s,a«h 

J cchfmf Jh^SHon”nf to Kriitko (Bingl. pel. 

t/. ccix. 13»), ttio addition of two ounces of strong nitric acid for cverv nound of «h 1 

^ starch into sugar, diminishes the time of bailing 

STASaX' UkeTXT A Sco Boracitb (p. 206).' 

BTXXiBms or TOKinnsira:, C»HW - C*H*-Cn=CH-C*H«. This ' 
PW [2T«^ i'll ^P-dnch. of 0,5 dry distillation of Peru balsam 

H is formed in the decomposition of Hibenzyl, C'*H**, by heat (p. I77)a 
btilbeno crystallises in monoclinic forms, having the axi«al ratio : 

CUinodiAgonal Orthodiagonsl Principal 

a‘i60i : 1 : i*8649. 

Angle of inclined axes s 1130 22\ 

Combination: oeP : ooPod . OP . Poo . 0Poo.. Angle »P : ooP « |26® 20*; 
ooP : OP = lOO"* 23’; ooP : Poo = 101® 42'; »P : ooPoo « 116® 62'; 
OP: Poo » 129® 46^ ooPflo ;§P<x> « 134® 7'; gPoe : ooP » lOS® 31' (G. vom 
Hath, DeuL Chem. Ge$, Her. v. 622). 

Stilbone, heated for some, time to 150®-1C0® wiihfmiiiug h^roftrontic acid, Uhes up 
bromine and hydrogen, forming u compound probably represented by the formula, 
C«H ’— GHBr— OH*— C"H» (Zincko. Deut, Chem. Ge.^. Scr. v. 342h 
Btilbeiie, oxidised by chromic acid, is converted into bensoic alcfchyde and benzoic 
acid (p. 175). 

STUBBITB ABCOBOB. The name given by Limpricht a. Schwancii to Zinin’s 
hydrobenzoin, C**H”0* (p. 172), 

STZBBlXrOXTBi This name is given by Konngott {Jahrhuch f. Minerdogic, 
1872, 188) to a zinc chrysolite from Stirling Hill, Sussex County, New Jersey, analysed 
by AV. T. Roopper {ibid, 1870, 392), and formerly regarded l>y him ns tepliroite. It 
occurs, with willeihite, fmnklinite, jeffersoni^, and spinel, in rhombic crystals two 
inches long, h«iving the faces oop2, Poo , ooPco predominant, and 2Pao , P , 21*4 (?) 
subordinate. Hardness BaS'S to 6. Sp. gr. « 3’95 to 4’08. Hui’k green to black. 
Analyses 1 and 2 were mode on carefully selected cleavage specimens; 3 on a massive 
variety: 

Mmw n-A 9.nf\ 

99 35 
99-90 
lOOll 
100-8C> 

100-52 

■WTfOBWliinB, Beactioni: 1. Potossinm^ami^ 

to h (itrychBin# coiutioh throwi down the piire baxe: st y c h mno d , 
to?eed, appear to form a hydroqiumde (Fluc^x, A.Jairb. Fiarm. xxxviii. 1 8, 
w^ritb, (Oimt, ^ iv. 627). 


ao * 

FeO 

ICnO 

ZnO 


X* 


1. 80-76 

33-78 

16-25 

10-96 

7-60 

— 


2< i . 29-90 

85-60 

16-90 

10*66 

5-81 

1*03 


6. 30'66 

35-44 

16-93 

10-70 

5-44 

1-04 

— 

. 80 , 80-67 

36-37 

17-81 

9-87 

5-69 

1-39 


6. 80-43 

84-20 

17'67 

9*09 

6-49 

2-65 
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2. With dkloracetia acid , — On heating 3 pta. of powdered strychnine with 
1 pt. of chloracetic acid to 180^ for some hours, dissolving in water, and adding excess of 
ammonia, some unaltered strychnine separates, whilst tl^ftltrate contains a now base, 
C**H**N*0*, which on evaporation is obtained in groups Or; white silky needles, readily 
soluble in hot water and alcohol, but not in ether. The sotUtion has a neutral reac- 
tion. The formation of this comi^>ound is explained by the equations: 


C*>H**N*0* + G*1I*C10» - 0“H“NaO*CL 

C“H“1WC1 + NH‘ - 

The nitrate and oxalate are very sparingly soluble in water. The solution of the, base 
gives with potassium chromate a yellow crystalllho precipitetei'%nd with silver nitmto 
a silver compound crystallising in long colourless needles. It is also precipitated by 
bromine- water and tannic acid. With potassium* chromato and sulphuric acid it gives 
the strychnine reaction. Subcutaneous injections of it produce tetanus in frogs. The 
^constitution of this baqp and of its hydrochloride may be expressed as follows : 

.0. > 

Base» \ 

^CIl*.CO 


Hydrochloride, 

^CH*.CO.OH 


(F. Hoemer, Zciiathrifi f. Ckm^ 187 li 43d). 

Witli Pemianganic flcidSH-Wonzcl {Zeilschr. C/tcm, 1871, 226) recommends, 
as the most delicate tost for strychnino, a solution of I pt. potassium permanganate in 
2,600 pts. sulphuric acid, which produces a green colour, contrasting very strongly 
irith the purple-red of the aqueous Elution. 

4. WiUi C’«*o«o-csrtc o^ru/c.^-See. Ai.KAi.oinB (p. 43). 

^ 6. On the separation of strychnine and morphine^ boo p; 818. 

J^eriodidea of Strychninc.^^ho following have been prepared by Jorgensen 
(t/.pr. Chm^ [2], iii. 146; compare 1030): 


. Wide, | Crystals of the rhombic cystem. 

Methyl-stcydinine tri-iodidc, ) Bed-brown platM having an adamantine 
G**H“N*0*,04P.I* I Sparingly soful^lo even in boil- 

; J ing alcobd. 

Ethyl-stiychnino tri-iodide, 


Bromethylehs-stryclinino tri-iodide, 
C«H»N*0*.C*H<Br.I> 

Amyl-strychnine tri-iodide, 
Amyl-stxychnine pentiodide;, 


} Shining brown laminae, isomorphouB with 
tbl ethyl-compound. 


iHoarly blade piuaui hnV^ ah adaznan- 
/ tine lustre, [ y" 


Neither methyl-, ethyl-, nor bromethyleno-strychnine, nor strychnine itsdf, appeow* 
to form a pentiodido. % . .. . 


Cobaltoeyanide of iSr^f.vehntti 0 fbrms well-defined ermals having compo- 
sition Co»(>yr»(0*»H**Na0-»)H* + IBHH). The ‘ niokehoyanido has the cowpOMhon 
Ni»C!y»(C“H«N*0»)H« + 10H*O (B. B, Uo, Dent, Chem. Ber, iv. 789).; : 

Oxetliyl-Btrjchiiinef C**H**N*0» - C«H«(0G*ll*^)N®0*. (B- MeseeV':4«ii* ^ 
Pharm, clvii. 7). The hydroehlorido of this base is ibmod by heatjfig 10'^ 
pulverised strychnine with 2*4 grams of hydmblonde of 
G*H^0.HC1, and alcohol in a sooled tube to 120®ul60° f<it ibbut 
se^ently rinsing the tube, with alcohol, expelling tiie ttlediol to 
ana treating the reeidue with water, a small q^hutf oT itiialUred'^^^ 


mains undisaolved, while ‘^ tha easily soluble 
C**fi»*N*Q*,HCl + H*0, sepanO^B from the ^ 

' 


needles. This salt hai a sweet taste, l^th bitter alt^ 
the street taste alone ia perc^Uble# ^ 16 exerts i^,j 
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Tha solutions, even -when very diluto, give with platinic cUoride a crystalline 
double salt having a fine orango-red colour. Potassium chromate and strong sulphurio 
add colour the aqueous solution violet, the colour disappearing after long standing. 
J}y boiling with strong sulpkurie acid, the same reaction is obbiinud as with strychnine. 

Dilute nitric add forms with the solution of the hydrochloride, after addition of 
water, a yollow liquid which is turned red by stinnous chloride. A st^rong solution of 
the cliloride forms with potassium ndpJiocganaie, after 12 hours, large transparent 
crystals ; with potassiuni iodids, long transparent needles. 

Oxdliyl~BtTyohinvii» nitrate is obtained in liard, .noedlo>shaped crystals, ])y prccipi- 
tfxting the solution of the ^drochloride with silver nitrate. The sulphate, ohtniued 
by boiling the chloride with silver sulphate, forms large white crystals containing 
+ 2H*(X 

OxethyUStrychnine hydroxide, C“IP*N®0*. is best prepared by precipitating Uio 
sulphate with a boiling saturated solution of baryta, removing tlio excess of.baryta with 
a few bubbles of carbonic anhydride, evaporating, oxluiustiug with alcohol, and pre- 
cipitating the solution with etJicr. A small quantity of a brown amorphous body is 
then deposited, and adheres closely to the sides of the vessel, so that the nearly 
decolorised liquid can be decanted off clear, and, on further addition of ether, especially 
on agitation, the free base separates in small tufts of dazasliug white crystals. ^ 

Fot the hydrochloride of oxethyl-strycbnine, Messel suggests (from analogy with 
choline) the structural formula : 

' ^ CH*.OH 


ST VJMM TXC Adxs. Syn. with Tbimitbo-otsojicih, *oo Resobcik (p. 1048)? 

BTnOK or OUmAMWTB. C'H* - (yff-CEZlOT. _ When MTOndaiy 
oti^KbMssvl lOoohol, C'H*— CH(OH)-OH» (obtained by treating a solution of 

Petit, Ges, mr, iv. 


and ISO*', and exhibits tno ‘ 

bo ptodneed, and in larger qnantrty, by «» " 

bonrano, C*H*— CHOl^OH* (EmmerUng a. Engler, 

. _ in fHoi 


C.H‘-CIK=Cmr. « ^St^d 

with concontratod alcoholio 

&iror=a5.^t 

poeedbyaicoht^potMhocpotawInmqmnKlo. ^ ctt.)-«-CMoiostyrol, 

Chlorostyriit or. bvWth ^ Hofinann (-daa. Ch. Pharm. 

(>H*-CH=CHq. i0 the ^-ciP S ** coinpou"d whiob Stenliouse 

liii. 292).^.-ChloroeiPt<>I> „rj„„.mioacidwithSlorine (tW. Ir. 3 and 

••r'l-nlilniin- 

wAd (Jah)vsb,y. Chem. 

lactic acid with water to sw * -- . s « 

an agreejablo odour of hyacinth^ boiling ^ 

at 1120 uudor a ptmwe of ^?;i^ur«otesh and wiUi potassium cyanide 

Jieldg beitaole addT Cto ieafang 'j;"* m cblorkle of potaseium le formed, 

to 200®-2«a»/p^ r«niuwtl0» ^ , ^th the required quan- 

■VmsUci This *^Jf-;cTcid, C*H‘*BrO\ and 

titles of bromii^, fit coBtBrted boiled with 

dibromoiiubeyic acldi C*H»Br*OV; aud^e«i 

treated widt r*^-*®*’ sub e rom all o Ipi “ ^„.vBfAllise with difficulty 

acid, 

(H. Gab ^ X I 



the pure state it w « « «T.a 




H02 


SUOOINIO ACID— AMIDES. 


■voonrxo AOKD. C*H«0* - G*m(COOH)>. All^fd occurrence in Unne,^ 
Tho statement of Meissner a. Joly (v. 453), tliat succinic acid is found in the urine of 
dogs fed on flesh and fat, is contradicted by E. Salkovrski {Pfliigej's ArcAiv. f. 
PhjfewlogiCt iv. 31), who obtained zio indication of its prosouco in the urine of a dog 
fed for a month on a copious diet of flesh and fat, although tho detection of it is eas^ 
His experiments likewise indicate that this acid does not occur in human urine. 

Formation . — ^Wippermann (Jkut. CAem. Oca. Ber. iii. 337) has obtained succinic 
acid, togotlier with other prc^ucts, by the action of ethylie dibiomacetate on the 
mixture of sodocetic ethers which Eronkland a. Duppa Stained by tho water of 
sodium on ethyl acetate. 

Succinates . — According to Bechamp {Compt, rend, Ixx, 099), calcium succinate 
fermented in contact with microzymo chalk Suppl. 614) and a small quantity of 
meat, yields not a trace of hydrogen, but only propionio and carbonic acids : 

2CWCaO* + H^O - (0*H»0=*)*Ca + CCaO» + CO*. 

According to 'Lutsebsdc {Beut, CAem. Ges. Ber. r. 30), cine succinate is capable of 
uniting with 3 mols. ammonia, forming the compound C*H*ZnO*.3l9U*. 

8VCCXVXC AMXOBa and AJrXMDBS. (Menschutkin, Ann. CA. Pham. 
clxii. 165, 187). 

SuocinimidCt 0*H^0*.Np cs is obtained in sitisfiactory 

quantity by distilling ammonium succinate as quickly as possible. It boils at 2S7°- 
288.°, leaving a anmll residue of charcoal. The hydrogen of succinimidc is roplaccablo 
only by silver or incrcuiy. Argeyito^uceinimide. C‘U*0''.N'Ag, lias been iilrc;uly 
described (v. 461). In the hydrated comjwund, 2(C*H*0*,ItAg) + H*0, the water 
^ooa not appear to exist as water of ciystullisatiou. 

Mercuro-auccinmide, .{Q^K^O'^B)*Vigt formed on dissolving rfercuric oxide in a hot 
aqueous solution of succinimide, is moderately soluble in alcohol, extremely soluble in 
, cold water, and crystallises therefrom in long needles having a silky lustre. 

On adding solution of mercurio chloride to an aqueous solution of mercuro-suceun* 
mide, a precipitate is formodi conaisting of microscopic, shining, rhombic tobies, less 
soluble in whter tlian mexcuito>BUccinimido itself, iind represented by the formula 
(CWO'-N)*Hg.HgCL 

Succinamidct C^H^O*(HH*)*, is formed by tho action of alcoholic ammoi^ on sue- 
einimide even at ordinary temperatures, but more quickly by boating the ihateriala 
together to 100° in a sealed tube for sereral Iiours. .v 

Uercunhsuecinamids, C»H<0*(NH*)*.HgO + ^11*0, is formed on ^soWng r^eiitly 
prepared mercune oxide in a boiling aqueous solution of succiiiamide, and septMitca 
oil cooling as a v^ite powder. 

Succinamates . — Tho ammonium aedt remains iu the alcoholic mother-liquor of 
succinaipido obtained as just described, when the alcohol used contains \nUer. The 
cflfcwW iBteff, (C<H*NO>)*Ca, is formed by boiling succinatnido with milk of lime, and 
separates on passing carbonic anhydride into the flltrate, evaporating over tho wato^ 
bath, and adding alcohol, as a pulverulont crystalline precipitate, or iu stellate groups 
of short prisms ; from dilute solutions in long noodles. > ' 

Succinanil or PhenyUueeinimide maybe conveniently preyed by pouring 
aniline (1 mol.) on succinic acid (1 mol.) in a retort, beating giaduollyi and as soon M 
the boiling ceases, distilling the succinanil over at a stronger neat. Jb maybepnriflw 
by rcciystallisation from water or alcohol ; and by dissolving it in strong, stdpl^^ 
acid, precipitating with water and pecrystollisingfrom alcohol, it maybe obtained pei^ 
fectly colourless, in needles, or in long, thin, strongly refracting prisms. 

166°, is nearly iiisolublo in cold, sparingly soluble in ImiUng water; 

boiling alcohm ; boils above 800° without aeoomposition. ; ■ 

Succinafiilio or PAcnylaiiecinamio acid.r~^Th9 barium saiif i of tWl 
(C**H“NO*)% + 8H*0, is obtained by dissolving succinanil in bdiiling 
removing the excess of baryta by carbonic acid, and o(mcontrating, 
lino needles having a eaticy bistro, easily soluble in water, and giving off: 
of crystallisation at 110°. The oateium salt, (C*«H»*NO»)*Ca + 
salt, pteparod in like Tnannor, ^stalUse in noodles, The etffter 4^,. •• 

obtained by double deoompoisition, os a predpitnte, wWeh quieklyhtepw 
disablves with difScnlty in boiling water, and (nrystoUises thgWflfio^ 
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needloB, which oro nearly inooluWo 
’’i “*®80lve easily in alcohol and in boiling water, '.rhc acid raclU 

at 148-fi 18 resolved at a higher temperatiiro into water and siicciininil. Jt 

doc8 not give off aiiilino wlicn treated witli aqueous potash. siKciwunii. jc 

Phens/lsucoinamide8.^Monop/ienylsuccinamide, .is formed, to- 

^ Bmall quantity of ammonium auccinanilnto, by heating suctiminil with 
alcoholic ammonia. It crystallises from water in broad needles, dissolves with 
moderate facility in hot w.ater, sparingly in alcohol, molto at 181°, and forms a very 
Bpinngly soluble compound with mercuric oxide. Quicklime converts it into succin- 
anilic acid. 


IHpieni/lmccinamUle or Succimnilide, Cai'0«(NHC«II‘)*, is obtained as a byc- 
jiroduct in the prepanition of succiuanil. The portion insoluble in water may bo crystal- 
lised from alcoliol, then boiled with alcoholic potash, and purified by lecrysUillisation. 
It crystallises from alcohol in broad, flat, shining needles, which melt at 2‘26'fl° to 
227®. It is very stable, di.ssolvcs in nitric and sulphuric acids, and is precipitated 
therefrom by water without alteration. When heated to 100° in a sealed tube with 
strong liydrochloric acid, it is resolved into anilino and succinic acid, and when 
distilled, it splits up into anilino and succiuanil. 


SVCOXWXG CBXiOBZl^Sf COCl — CII- — CH- — COCl. This compound, mixod 
with ^etic acid, and treated with sodium-amalgam, is converted into a butylene glycol, 
which appears to be the true homologuc of ethylene glycol : 

COCl— CH*— CH*—COCl + 8II « 2H01 + CH^OH— CH*— CH*— CH=0II 


(&nytzoiI; J, pr, Chem, [2] iii, 427). 


BVCCmiiBSVaUinCXC Aczns. Byfusing succinic acid with amklobonzoic 
acid, two acids are obtained, namely, succinylbonzamic acid, , 

which is soluble in t^tor, and molts at 285°, and succinyldibcnzamic acid, 
C'H®0®(NH.C'H*0*)*, which is insoluble in water. The former is an imidogen acid, and is 

i Nil OH 

converted, by fixation of water, into oxysuccinylbenmmic acid, G®n* 

The second acid is also produced by heating the first with amidobcnzoic acid 
(Muretow, J)<!uL Che?n. Ges, Ber, v. 330). 


g, (C“H**0*)*.C®H*0*, is formed by the action of succinic 
ohloride dh benzoin. It crystallises from alcohol in shining leaflets ; is insoluble in 
water, but soluble in alcohol ether and carbon sulphide; melts at 129° ; mil is con- 
verted by ftlooli(die potash into benzilic and succinic acids (A. LuL-inin, JDeut Okenu 
6rM. Ber, V. 381), 

SlTCOZSnrX^TO&iniirXl-BUUBAlIKZBS. N=H»(CTI'S0*)=(C^H®0S). See 
ToLUllMS-SULFBAillDBS (p. 1168). 

BWAMb/ 1. Seaoiion with Chlofhte (wd irfl^tr.--Hlnsiwoto a. Barth, ip 1861, 
by treating milk-sugar with bromine and water, obtained a brominrrtod ^mpoiina 
which, when decomposed by bases, yielded isodiglycolethy Ionic acid, G H 0 oi'- 414, 
1023). The samo treatment has more recently been appliojiby Hlasiwcte a. Habor- 
maiin (Ann. Ch. BAarm. ^y. 120) to other kinds of sugar. The results show that the 
cajiability of a sugar to form sudi an acid confining the same number of carbou- 
etoms in itself, incases witli the fermentability of the sugar, non-formentablo or dif- 
flcullly ferment^e sugars being converted by this process into acids contain mg 

Bmallop niimbors of carbon-atoms. . , . , Z7 • ™ i««.» i^ 

Moderately dilute solutions' of sugars were treated with chlorine ^ 

continued to bo absorbed, the action in the case of rather large ° 

four OP five davS The liauid was then freed from chlorine by drawing air iti 

a^S^of«lv,r «We added to ft till *-> 

Jiontrat It was then mtnoaTtlie nndiMolved matter f” A 

boiling 'water ; the filtrates, which generally began to grow brown j 

duced vofO. immediately trentod with hydrogen sulphide ; watcr-batb. 

liaaid,’ tho^ .ilrer «ilphuie 

l‘rom the erndo ueidu thh. obtained, mostW contain^ S?SL“tlie mediam ol the 
sugar, the caUinm tolta were , prepared, and from thcM, tbrougn me meu* 

-Inconlo acid. OB'-O' (p. 550). ^fferinc 


salts, taer free acids wore outaineu. 

. <W«,8«. dtttrorincc yl^ glnconio a«a. ^5 

by RK) fr<cim'£i^hi»6t'Modiglyi!^^I>^® ®®J^/'”^,iiloraco^tic aoid. Di*re- 

^ illjiBoUlo 4014. PhteoaJtteJ" diehloracotic no 
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garding the intermediato products, and reducing the process to its simplest expression, 
the four following cases are to be distinguished : y 


Lactose 

'+ 

O « C«H«0* 

Laotoiiio odd 

C«1T'*0* 

Glucoso 

+ 

0 * 

Gluconic add 

ill 

l|^ 

+ 

0* = 3C*H«0« 
GIvooUlo 
add 

C*H«0* 

Fhloroglucin 

+ 3H*0 =» 3C*H<0* 

Acetic acid 


Tlie chlorine or bromine in tlioso reactions appears to be simply added on to the 
Bugar-molcGule, and the acid to bo formed by substitution of 0 for Cl* or Br* in the 
chlorinated or brominated coinpc>nnd thus produced, 

+ Br* = C*H»0»Br, whence 
LoctoM Btomolactoso Lactonlo 

acid 

+ Cl* - C*n»0*Cl» „ r ,, 

Olaooee Cbloroloctose ' Glnoonlo 

acid 

These sugars behave then like unsaturatoJ compounds, as indeodt) Linhemaun has 
shown to bo the case with dextroglucoso, which by taking up H* is converted into 
mauuite (iii. 823). * 

2. Action of Nagcent Jlydrogcn . — Bouchardat {CompL rend. Ixxiii. 199, 1098) has 
shown that cane-sugar, glucose, and milk-sugar are converted by tlio action of sodium- 
amalgam in presence of water into mannito or dulcito, and a certnin number of nmn- 
atomic alcohols, viz., ethyl alcohol, isopropyl alcohol, and a hexyl alcohol klontical 
with that which ErlenmcyiOT a. Wanklvn obtained from mannite and^lcite. Bex^- 
glucose treated in this manner yielai^ the throe volatilo alcohols just montiox^ 
together with mannito; milk-sugar the same volatilo products, toother with dul^to; 
inverted milk-sugar a mixture of mannito and dulcito. 

3. Ueactiona with Acetic Anhydride , — The products obtained by ^e action of acetic 
auhydrido on glucoso and cane-sugar, according to tho latest investi^tions of Schutzou- 
berger (Ann, (7h. l^Jiarm, [4], xxi. 239) differ in some respects from those doscribod in 
tho First Supplement (p. 1045), 

1. Pure crystallised dried at lOO** is easily attacked by acetic anhy- 

dride at 120^ tho products differing according to tho proportions nsod. Oue part of 
glucsve and 2^ pts. of anhydride heated in an open vessel react rea<tily, the action 
being over in a few moments; a little water being added to destroy the anhydride, 
and the whole evaporated to dryness on the wator-batbi an amorpffcus residua soluble 
in water, and of a very bitter taste, is obtained. Boiling benzene only partly dissolyes 
tiiis residue, the soluble part being triacotyl-glucose, C*H*(C*H*0)?p*. This body, 
heated to 140^ by itself or with acetic anhydride, loses water, giving ^acotyl-glu- 
cosan, C*H’(C*H*0)*0*, iusolublo in water, soluble in dilute acetio acid*^ Thein- 
solubW part dissolved in water, and decolorised by animal charcoal, yields, on 
evaporation in a vacuum, an amorphous, light yellow, bitteV mass, very soluble in 
water, and soluble in alcohol ; this is diacetyl-glucose, C*H’*(C*E*0)*O*. 

Qlucose, heated with a large excess of anh^ride to 160*’ ibr 6 hours, does not form 
a glucose-derivative, but one derived from two molecules of glucose, which coalesce 
with loss of H*0, according to the equation : 


2C«H’ 




- II»0 


, «r ir 

, fom. 


All tho eight hydrogen-atoms of the by 


l(OH)‘ 

in thi6 ( 


r be re- 


placed By acetyl, forming |o*, which is either identical or . iiitoxierib with the 

compounds of the same composition obtained by the action of acetic anhytiride m 
cane- and milk-sugars; in water it is insoluble, in idcohol soluble; 
taste of any kind. ... . 

(,1^ 


All the acetylated derivatives of glucoso aro dextmrotai 
2. Cane-sugar heated with J pt. acetic anhydride/ end 


• The old fjormula of mllk-fogsr Is uiwd in this equotfea . 
of Che mdUoii to diet whleh tidEss ptaoe in the ottier ouee^ 
wonU be G»*HW« + 0* » SPQ + 
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< ether throws clown a yellow ta^ precipitate, which, when dried in a 

'^^uunx oyer quidclime, and finally at 100^ is a solid substance soluble in water and 
alcohol, of a faint sweet tiistc, somewhat inclined to bitter, insoluble in ether and ben- 
^o; this is monoacotyl-saccharoso, C”H-'(C*H*0)0". The ethereal filU’oto 
fydm this substance evaporated to dryness, dissolved in wab*r, and decolorised by 
animal charcoal, gives numbers iiitermediato between those required for totra- and 
penta-acetyl-saccharosc, and is probably a mixture of those two bodies; it is 
soluble in water, alcohol, and other. * 

Heated with a largo excess of acetic anhydride, cane-sugar yields li opta- and octo- 
Hcetyl-saccharose, and C«n>«(C»IP0)“0". as gummy amorphous 

bodies insoluble in water, and mucli resombliiig the octoacetyl-diglucose obtained with 

JUfilJb'SUffar is loss easily acted on than cane-sngar ; after long boiling, howe\'or, 
in an open vessel it dissolves completely. Irom the product water precipitates octo- 
acotyl-lactoso, ; the solution contains tctra-acetyl-lactose, 

which forms indistinctly shaped crysUils of a bitlx-r tasto ; these bodies have the rota* 
tory powers [a] « + 31®, and [aj == + 6d-l® respectively. 

On the Acetyl -derivatives of Mannito, boo Mankitb (p. 774). 

On the Synthesis of G lucosidos by means of the Acctyl-derivativos of the Sugars, see 

pp.660, W8. . T . 

£Jjiimatton of Sugars ,— Estimation and separation of Cano-BUgar, Invert- 
surnir and Doxtr^lucose or Grape-sugar. Tlio following method is given by J . Apiohn 
(Chem, Nms, xxi. 86; Zeitsehr. anal, Ckem. ix. 498). The amount of cano-sugsir iS 
first doteminod by the optical method, and then, after inversion, tho sum of tin-, three 
sugars. If then x denote the cane-sugar, y the grapo-si^ar, and s the invert-sugar, 
0-24. 0*086, and 0*182 being tlio rotations produced in the 
by 1 gram of cane-sugar, grape-sugar, and invert-sugar rospoctiyoly, 1*16 
lotwoen tho half-molecular weight of tho cane-sugar and that of the grape-sugar, d I 
l*3k that betwed^; the molecular weight of the invert-sugar and tho grape-sugar, wo 

]U,aau,eq«iUoi5J:;, _ „.08g^ ^ 0182. - « 

• 1-lto + l-ly + . » . 

determination maybe mD^obythe chemical met i • after Tn^sion the differ- . 

necessaiy to tost tlio syrup ■with coppor-rolubon tefor ' mi gqu^tiong to bo 
once of tto two deton^ations pviag the amount of cane-sugar. ISe equations m m> 

used are: , 

j My + * - »• . . 

Krhow is the quanSly of gwpo-sugac corresponding with y and e ; after inv^on . 

i I'le* + My + . - mi . . 

where Mis the quantity of grape-sugar conrospondiag with *,y, an ». ere ore. 

w-v/ 

* * 

The numbers obtained, iwcoiding by^pjohn to tho 

not g^ve perfectly accordant results. The kinds of sugar, but nover- 

prosonco m the syrup of a substance ^ nerhans also of reducing copper 

tholess capable oT nioducing circular polansation, and perhaps aiso 

sofotfou, e.g, dextnn, asporagin, &c. likewise estimates 

A. DiipA (Chem. 07 ^^^f^^VribiSn of So optical and chomica 

tho three kinds of sugar above x)f '^Apiohn. Cane-sugar d^s not 

nwthodss^wWch ho regards as tine it inSlution with caustic alkaT^, 

reduce coppjfc solution, and is not alieriia^ heat g cane-sugar may, thore- 

whereas grapo- and fruit-sugar arc kimls of sugar have been des^yed, 

fore, be cstiiniited by polarisation after the ^ chemical meth^, in- 

aml tho other two sugars may be determined tog . itoiilv remains, iherofore. to 
dopendently.of tKo dwence or absence of ^■® 

determine the produced by all tho three instrument it was found 

* ^T' ^ 
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the two in percentages, as given by the copper-solution, a the number of inches of a 
10 p.o. solution of cane-sugar which, according to obseryation, is required to compensate 
the minturo p, of fruit- and grape-sugar, or is equivalent thereto, wo'have the equa<t 
tions ; iir' 

X + y ^ p 

1*502£ - 0*836^ — ± « 

0*83 6j> + a 
2*338“ 


thereibre, 


I; 


P ^ p — X. 

The -I- sign is used for a when the mixture of the two sums relates S^ thf ielt; 
the - sign when tho same mixture rotates to the right, fiuprd has allied this 
method only to tho ostimation of sugar in wine, but ho considers that it wiU be like- 
wise applicable to cane-sugar and syrups. 

On the examination of sugars containing Qlucoso, see also C. H. Gill {Chem, Soe, 
[2].ix. 01). 

On the llecolorisation of Sugar solutions for Folarimctric Analysis, see Schcihlor 
{ibid. [2], ix. 763) and Casamnjor {Cheni. News, xxv. 306 ; Chem- d. [2], x. 927). 

On tho estimation of Sugar by Copper solution, see F. Weil (ihuf. [2], x. 1121). 

On tho use of Sodio-cupric glyceride (Glycerin-kupferoxydnatron) instead of sodio. 
cupric tartrate for the estimation of Glucoso, see J. Lowe {Zeitschr. anaU Chem. ix, 
20, 224 ; Jahresb.f. Chem. 1870, 1036). 

• On the estimation of Glucoso in presence of Dextrin, see Schubert {Zeitsekr. anal 
Chem, ix. 112; Jaliresh. 1870, 1038); also Rumpf a. lloinzerliiig {Zeitschr. anal. 
Chem, ix. 358 ; Jahresb. 1870, 1042). 

On the estimation of Glucose by means of Mercuric Cyanide, see C. Knapp (.inn, 
Ch. Pharm. div. 252 ; Jahresb. 1870, 1033). 

Comparison of tJie methods of Fehling, Knapp and Gentolo with Potassium Form- 
cyanide for the estimation of Grape-sugar : Jahresb. 1870, 1034 ; Chem^ Soe. J, [2]^ x 
829. 

On the occurrence and estimation of Sugar in Wine, see SchubdHi anal, 

Chem. ix. 112 ; Jahresb. 1870, 1037). Estimation in Grapc-juico: Pol^: jfe Paaqmni 
[J. Phami. Chim, [^, xi. 80; Zeitschr. anal, Chem, ix. 274; JahreJu tC|l|i)|; ipSO); 
in Urine : Schubert anal, Chem. ix. 112; Jahresb. 1870, 1054); See^ii ( 

J, Trans. [3], ii. 202 ; Chem. Soc. J. [21 ix. 1005). 

Manufacture of Sugar. — On tho Extraction of Beet-juice by Diffusion, see Walkhpd 
{J,pr. Chem. dxxxiy. 149 ; Jahresb.f. Chem, 1867, 936) ; Duquesne a. Oil (Pingl. 

J. exevi. 83; Jahresb. 1870, 1108); Ceeh {ihid. czevii. 278. 445; Jahresb. l|7^ 
1198). On a new Diffhsion-apparatus for extracting the juice id any plant, ospedal^ 
of tho Sugar-beet and Sugar-cane : J. Bobert {Dingl, cci. 257)- Gn Sobults'f 
diffusion-process (I'ftid. cci. 262 ; JaAw5. 1871, 107o). » 

On tho Concentration of Sugar juice, see Cech {Dingl. cxcviii. 428). On the 
Sulphurous acid in the Vacuum-apparatus: Seyfferth(i&i(f. cxcviii. 94; JahrtJi. l^ 
1202 ; CAcm. News, xxii. 248). ' , ; i 

On the Refining of Sugar by means of * hydrosacrocarbonate of limo ' : iHngl. exen. : 
84; «7aArcsd. 1870, 1204. 

On the formation of Molasses and the influence of certain Salts, Organic i 
Inorganic, on Ciystallisiug power of Cane-sugar ; Marschall {Zdtschr, d. ysreit 
JS&bemucherinduitrie im Zollverein, 1870, 52, 330; Jahresb, 1870, 1204; Chem." 
j:[2],ix.466). ^ ^ 

On the Recoveiy of Sugar from Molasses by means of Baryta: G. Lunge 
ccii. 164; Chem. J*. [2], x. 185). 

On the Separation of Iron oxide from Raw Sugar: Dingl, ociii. 325 ; Chem,; See * if 

[2],x.680. i J rii. 

On the Manu&cturo of Starch-syrup and Statoh-sugar, see Krfitko 
189; cciy. 243; Jahredt. f. Chem. 1871, 1076; 1872, 1032; Chem. V. 

-*58). 

CMuiMiisacr ox BaccliaroMa On the specific heat of cane-sugar solutions, 
HsaT (p. 601). 

Solub&iivinmiixtureaof Alcohol and Water, — 0. Scheibler Chem. 

eS) has Investigated solubility of cane-sugar in aquebus alcohol of 


348) 


stxengtlis and at different temperaturee. Mixtures 
dissolve more sugar than the water contained in them wopld dii 
the more hi^ly alcoholic mixtures the reverse is the cas^' ^ 

alcohol neiuer promotes nor hinders the solution of sugar 

An aqueous iolutiflsa ' ^ 


iO^holca 
by Iteelf, 
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laing 65 p.c. sugar; at 40®, 76j p.c.; and at 14®, 66 p.c. The Inst-montioned solution, 
tphon mixod with on oq^ual volume of absolute alcohol, will still remain saturated at 
Ijhat tomperatureb but a further addition of alcohol causes tlio separation of sugar. 

is W very slightly soluble in alcohol of moro than 90 p.c., and quite insoluble 
io^bsoluto alcohol. 

i^or the tabulated rosults, see the original paper. 

^Jotion,pf Light, — solution of 10 grams of white cano-sugar in 50 grams of water 
enclosed in a sealed tube, from whicli the air had been expelled by boiling the liquid, 
five months exposed to light, was found to bo about half converted into 
similar solution kept for tiio same time in the dark remained unaltered 
(Ba^ti rend. Ixxiii. 1049). 

^ Bor Maiimen^'s experiments on the action of w.atcr and heat, or of heat alone, upon 
oons-sugar, see Bull. ISoc. Chim. [2], xvii. 442. 

JHsiillaiion with Limp. — Frcimy, by distilling sugar with, quicklime, obtained a 
distillate consisting chiefly of metacetouc, C*JI'®0 (iii. 932). B. Bonedikt {Ann. Gft. 
Bhann. clxii. 303), by distilling 1 pt. of sugar with 3 pts. of lime, as recommended by 
Gottlieb {ihid. lii. 127), obtiiins a distillate consisting of a watery and an oily layer. 
The watery layer contains acetone, together with a sm.-ill quantity of acetic acid. The 
oily layer contains metacotone, boiliTig at 83®-81° (isomeric with mesityl oxide, b.p. 

' 181®), and isophorone, C®H*‘'0, boiling at 210®, yielding, when treated with phos- 
phoric anhydride, ft hydrocarbon having approximately the composition but 

not idciiticftl with enmono or \vith mcsitylcne. i.- r 

Metacetoue and phorona aro the chief liquid products of tlio distillation of sugar 
with limo : they occur, however, only in small quantity in comparison witli the gaseous 
products, which consist mainly of hydrocarbons. Benedikt gives, as a probable 
representation of the decomposition of sugar by limo, the equation : 

« C®11«0 + 2CO* + CH* + IPO, 

uidMgtiid, tie mataftetono and phopone as producU of condensation of the acotono 
formed in tlio instance ; 

* ; > 2C*H*0 - 11*0 =» C®H*®0 (metacotone) 

^ 3C*H«0 — 211*0 = C*H*‘0 (isophorone). 

Tko ji^her^Wing portion distiUato probably contain still higher 

condtosation^ptoducts of the same kind, o«;\ fi„ria 

Oxidation by Potassium Permanganate.--Unyimonb (Cofnpi. ."'f:. 
diat when a eantion of 200 grams o^,P"'^8XV2*ltofof 
ponied into a eolntmn of 200 grams «id?se^tos™ a 

fifteen to -twenty minutes becomes heated to 45 , g . . . TPhiininff its 

lump, and a oolonrless neutral solurion w fo^^^^^ ^ 

AU... S 

Pehgot deiicribed a compound dcsrriboil n similar compound 

tijoi C'»n«0».NaCl (T. 473). Ilochstotter and 

edntaining 2C'‘H»0'".2NnC1.3H»0. “Lo compounds of cane-sugar, 

se^l other chemists, domed tlio eiistouM “ boiled wS excess of common 

Gill, <m the other hand, l»y ■ ,...11 crystals haying the composition 

salt, to stand for seroral months, obtained a few sj^ ^ jtj^ goluUons 

iKS.«B«0».8N»01.4H»0. A mmiber rchloride, bromide, or 

containing a double moleculo of sugar to 1, 2, 8, or 4 mois, « 

iodide of an alkali metal. definito composition; some of th^i 

The potassium salta did not yield comi"®"" always in yanablo 

indeed,%eld*!d veU-deBned crystals contaimng sugar ana saio, u 

proportion. ’ -j. .w which wne obtained from the 

- which 



2 mole. eu©lr. tSo eryetals. which for s»i^ toum 

■ - lS^K™Cawdntionof86px«pinh 


quesce easily, give off all their f-om a solution oi o*/ -r':;” 

® temperature of 60® to tO®, and _aUfew «« oily layer separates *ihe 

"When a sedutioh in t5 p.o» spirit tnviw for 8 to 10 months. These 

bottom, in which erystals- form ^J^und lecrystallised foomwter, 

wd have the composition 
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Bodinm chloride, nleo ffave dalts of the same compoeitios. The ciyetale accidentally 
obtained at the beginning of the invostigation were never reproduced. 

Maumend ( rmd. Ixxii. 603) has obtained the compound of sugar \ 7 itl 1 sodium 
chloride in fine raombic prisms containing 13*3 p.u. NaCl ; it was found by spuciid 
exporimonts to contain unmodified cane-sugar. 

Sugar solutions, containing sodium bromide^ gave with difficulty a fow dlystals, the 
composition of which, C‘*H“‘''0".NaBr.liH®0, seemed to indicate the presence of im- 
purities (Gill). 

Sodium wdide and cane-sugar form extremely fine monoclinic crystals, the same 
compound, 2C*“H'‘*“0".3NnI.3H*0, being always obtained in whatever proportions its 
components may bo mixed, and crystallising unthoiit alteration any number of times 
from water or aqueous alcohol. In the iiquoous solutions the rotatory power of the 
sugar is unimpaired by the presence of tlie sodium ioclido. The crystals are mono- 
clinic, and have their optic axes in a piano perpendicular to the plane of symniotry 
(Gill). 

Lithium chloride^ hromi^t and iodide do not form definite compounds with cano- 
Bugar. The corresponding ammonium salts form very deliquescent crysbils containing 
variable quantities of ammonia. Acetate, nitrate, and phosphate of sodium do not 
appear to combine with cane-sugar (Gill). 

I'rom the composition of the compound with sodium iodide Gill infers that the true 
molecular weight of cane-sugar is represented by the formula 

With Lime. According to Horsin-Dcon {lirdl. Soc. Chim, [2], xvii. 166) tribasic 
Bucrato of lime, treated with alcohol, yields the scxbasic sucrato, just as the monobasic 
sucrate, similarly treated, yields the bibasic coTiii'»ound (v. 473). Tlio mono- and tri- 
ealcic sucrates contain constitutional uratcr ; the bi- and sexcalcic compounds do not. 
The two latter are thereforo formed, by correspouding reactions : 

C«H«0“.GCaO from 2(C‘-H«0“.3Ca0 + Aq.) 

C*'‘‘H«0".2Ca0 „ 2(0^-H‘-'-0'bCa0 • + Aq.) 

The compound of sugar, lime, and carbonic anhydride, eallod ‘ hydrosucro-carhonate 
of lime,' exhibits, according to Horsin-Dwn {BulL Soc. Chim, [2], xv. 22), following 
properties : a composition varying with tho particular lime sncnite used in ite pre^ 
ration and with the temporaturo ; solubility in sugar-water in presence of lime ; de- 
composition into sucrato and carbonate of limo by sugar-water ; capability of for- 
mation at }ill temperatures of experiment and at all densities of tho liquid employed. 
Its varying composition is shown by the following exporimontai results : 


Solution of Limo Sucrate 
employed 

Weiebt of CO* absorbed to 

28 pts. by weight of Lime 

Experimenter 

6 eq. Limo -l< 1 eq. Sugar 

11 parts 

Boivin a. Loiseau 

6 ,, 4 ,, 

4-4 „ 

Horsin-D^on 

6 (I G ,, 

13-2? * 


8 ,, 2 „ 

16'28 „ 

*9 ' 

1 >f 1 It 

16-90 

Dubrunfaut 

1 It 1 •> 

14-70 „ 

HoT8in-I)6on 


Wlk-sncBr or KMtMa, C»E«0’', or C«H«0”. OxidaAVm.— Aocor^.U) 
Laubonheimer {Ann. Ch. Pharm, clxiv. 283), milk-su^ar, mixed in aqueous 
with a small quantity of soda, is oxidised by potasrium permanganate at 
tempeiaturos slowly, but at the boiling heat very quickly and ahnost c^plfttwy* to 
carbon dioxide and water. Attempts to convert it by partial oxidation into malw or 
isomolic acid wore unsuccessful; tho filtrate semrated iA»r the reaction nioiiga|’ 
peso dioxide, containing nothing but oxalic acid and un^atallisable odds/ ^ . 

Action of Aniline. — ^Milk-sugar, boated with twice its weight of 
according to circumstances which have not yet been clearly ^modo out, ^ 
nitrogenous inducts, or only one. The formation of these bodies may be 
by tlm equations : . 

OH»N - H*0 -I- ; 

C!mh«q” + 2C«inj - aH*o + c“Hmjpo». ■ ^ 

Both these bodies are very soluble in water, very spfunngly soluble in absolutee^^j^* 
nearly insoluble in pure ether. They reduce alkaline cuiwie solutaonsj^ 
added to their uqums tfolntioBS^ disappears immediately 
Oif* JRer* It. 884)ii 
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GlQOOie (deztro) or Destrose* leevnloiep and XiiTert-Bitffar, Action 

of Haloids and of certain Cldorides on Dextrose, — Chlorine does not act on anliydioiis 
dcxtposo nt orrlinary temperatures, but at 80® a groenish coloration is produced, and 
at 112® tho mass swells up and becomes carbonised. Drumine acts in a similar 
mannor, but the sesiled glass tubes in whiciitho action takes place always break at 80°. 
Iodine dooB not act on dextrose either at 80° or in sunshine. In a stream of hydrogen 
chloride^ at 70°, dextrose turns brown, and is conTcrtcd into a dry black powder. 

Acetyl chloric acts on dextrose Jit ordinary tomporaturos, producing acetochlor- 
hydrose, C*H’(G'‘*1P0)*C10*, together witli acetic and hydrochloric acids (p. 13). 

By the action of chlorine and water, dextrose is converted into gluconic acid, 

(p. 659)-' 

When dextrose is heated with haryta-watcTt a precipitate is formed; consisting of the 
barium salt of sacclnirumic acid, (p. 1063), and the liquid filtered thcro- 

fr»jm contains tho barium salt of glucic or gluciiiic acid (p. 566). 

lisevuloso treated with chlorine and water yields glycollic acid (p. 1104). 

Invert-sugar treated with water and sodium-amalgam is partly converted into 
maniiito (p. 773). 

Tlie action of tho electric current on invert-sugar has been exa*mincd by H. T. 
Brown (C/iem. Soc. J. [2], x. 678). Twenty-four hours the commencement of 
the experiment the evolved gas was found to have the following percentage composition : 

Carbon dioxide 14*15 | Hydrogen 72*80 

Carbon monoxide 3*34 | Oxygen 9*71 


The distillate neutralised with sodium carbonate exhibited tho reactions of aldehyde, 
and tlio residue in tlio retort, on further distillation with a little sulphuric acid, 
yielded a largo quantity of acetic and a small quantity of formic acid. The formation 
of alcohol could not be distinctly proved, but Brown regards it as probable, from the 
composition of tho electrolytic gases. Bristcr {Archives UMandaises, 1866, j. 396; 
Jakresb, 1866, 87) obtained, by the electrolysis of a solution of (ane-sn|^ar, carbon 
dioxide and an acid distillate possessing reducing properties, but in which ho could 
not detect either acetic or formic acid. 


Sacobftrine Sutoatance flrom lilme-leave*. A viscous saccharine liquid 
adhering to the upper side of tho diseased leaves of a lime-tree was found by 
IJoUKineanlt (Am. Vkim. Vhyo. [4], av. 5) to consirt of 85-41 Pf ^5 

invurt-sugiir, and 19-81 dextrin, -vplik-h i» nearly the composition 
(65 cano-sngar, 25 invort-snsar. and 20 dostnn) It m.-lted when to Uio b^, 

Md foil in drops to the ground, but resumed its vismis stato m too s mlo. Sm 
charino muUor was also found in too healthy IcoTss of the same tree, but in much 
smaller quantity, and it was free from dextrin. 

On gee p. 20G ; »aml>onlte. p. 421 ; Bulelte, p. 440 ; Iserite, 

p. 669 ; Manntte, p. 773. 

S-rnanthroae. C“H«0" (0. Popp, Am. Ck I'iann. clvi. 181). This is a variety 
of*^ 4wS Sways accompanies Lun in too 
ther^, Snrs Van stog^ of growtli. 

Vaklia variabilis yields it in the greatest ominti^ "*"^i^'"n/irnntntroon8lv used for its 
the JoruBalem artichoke {Hdianthus #tt6erc-s«s) may c ..gftato -^the excess of 
preparation. Tho fwsUy-exprossed ju^oe is tocsted. wrtli l«jd wetato, toe oi 

lead removed by sulphydric acid; too filtrate neutralise . the residue le- 

again flUorad, end o/aponitod to rotli^ i toe . 

peatedly oxhaustod with alcohol so long os auantities of a^whol (not 

solution evaTOzatod ; and the i^idue -harcoal and poured in a thin 

absolute). The resulting solution is treated '^ith a bulky, white, amorphous 


fMttovourisfaint,hatBOt wet., «« At 140'>-U6" n 
indeed, but only aftet splitting it into and ItEvulosan, toe 

trown, eivolTes gasi and paasrt into j/notturnitbiwn. Col 

“pparently optiefily inactlTe. , A S^th ewe^r-- 

tonttatod rtihwio a«S4 I* ® 


latter 

Cold con- 
cane-Bug^. SUvot 
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mtnte in the cold gives a white preoipitato, which is reduced on heating, and par- 
tially on drying. Copper salts and mercuric chloride give no precipitate, merciiriL- 
Dilate gives a bulky white precipitate without reduction. Mercurous nitrate and 
Hillon's solution are at once rrauceu by it in the cold. Neutral and basic lead acetate 
give no precipitate ; lime and bar^tji-water give precipitates only on addition of 
alt^ol. Synanthrose docs not combine with sodium ciilorido or other neutral salts * 
it is decomposed by chlorine and hypochlorites, and gives by dry distillation carbon 
oxide and dioxide, marsh-gas, acetic acid, and acetone. It forms a hydrate, 
C**H**0** + H*0, the water in which cannot be driven oflf in the air-bath without 
decomposition of the synanthrose ; it appears to form a similar compound with alcohol. 
The barium conrnpound^ easily decomposed by carbon dioxide, is difficultly 

soluble in water, insoluble in alcohol, and easily soluble in dilute acids. The /end 
G|^H**0"Pb^, is more stable than blie barium compound, and dissolves 
easily in acetic acid or lead acetate. 

Sjmanthrose interferes with the precipitation of copper, iron, and chromium oxides. 
Perric oxide, freshly precipitated in the cold, dissolves In solution of synanthrose, ami 
by evaporation is reduced to magnetic oxide, glucose being also formed. By treat- 
ment with chromic acid or load dioxide, it yields formic acid. With hot dilute nitric 
acid, it gives saccharic and oxalic acids. 

When synanthrose is treated with a cold mixture of 1 pt. concentrated nitne acid 
and 2-2| pts. sulphuric acid, an explosive nitro-compound is formed, soluble in alcohol, 
less soluble in water than synanthrose itself. IJy aceiic, buiyriCt .md iattaric acids at 
100^, synanthrose is converted into glucose. The prolonged action of sulphuric or 
hydrochloric acid produces glucic acid and finally humus compounds. 


See Aldbhydb (p. 37). 

BVWBAimBOBBHZOXG ACZBS. See Sulfiiobunzoic Acms (p. 1113). 

SVliBBAMIliKOVZG AOXBSa See Sulphazotiskd Acids (infra). 

rnnnunxMs Ae». OH’Nso* - js^n- 

aniline and sulphuric acid, is converted by nitrous acid into diazosulphanilic acul, 

/ , which, when heated with water, yields a phonol-sulphonic acid, 
SO* 

C*H* , convertible by fusion with potash into resorcin. The same diazosulph- 
anilic acid, heated with hydrobromic acid, yields a bromo-bcnzencsulphonic acid, 
, also convertible by fusion with potash into pure resorcin. According to 

the view now entertained of the composition of resorcin, these facts indicate that tho 
sulphanilic acid prepared by direct combination is a inota-compound (1 : 3). On tho 
otlier hand, when tho bromobenzcnesulphonic acid obtained as just described, is distilled 
with potash, it yields dicyanobeiizono, C*H*(CN)*, wliich, by boiling w^tb potash, is 
converted into torephthalic acid, which is a para -compound. Hencb, it appears 
probable tlmt the conversion of the broniobenzenesulphonic acid into dicyanobenzene is 
accompanied by a molecular transposition (see BuNZEifE^ p. 186). 

SraBBAZOTXBBB ACXB8. (Clans, IktU. Chm. Ges. Ber. iv. 186, 221 and 
604; Ann. Ch. Pharm. clviii, 62, 104; Bull. 9oc. Chim. [2], xv. 179; xvi. 76; Ckm. 
8oc. J. [2], ix. 307, 660). These acids, of which the sulphammonic acids (Is^ 

1047} form a particular group, are produced by the action of sulpburops acid on 
potassium nitrite. Their formation depends on a simple reduction of the nitrous acid, 
but with this peculiarity, that before the reduction has proceeded so far os the fonna- 
tion of ammonia, tlie more or less reduced product from the nitrous acid enters intj> 
combination with tho group 80*K, resulting from oxidation of the sulphurous acia 
Thus the sulphozvamo acids are the stepping stones to the sulphammonio acids, tne 
former being, in met, convertible into the latter by fiirthor reduction with 
acid. Tho fbrmation of the sulphazotised acids is, however, partly mtUd by 
tendency of trivalent nitrpgen to pass into the quinquivalent condition. Jut » 

e ssiiun nitrite can pass into nitrate by taking up an atom of oxygeoi eo likewirB 
it a tendency to take up the bivalent group SO* : 

K0*K + 0 • NO*K . 

lsrO*K + 80* « SO»NO*K. 

The eompcnmd S0*K0’K, ^hich, in the ordinary method of t 
(p. 1111), is dMomposed astast ns it ibrms, miiyf iniiiet» beisplatedl 
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slum nitrite vith an alcoholic solution of sulphurous acid, the salt so formed, imme- 
diately separating out and being thereby wimdravn from the further action of the 
sulphurous acid. On again subjecting this salt to the action of sulphurous add, 
‘which, perhaps, takes place according to the e<^uation : 

SO*.NO*K + SO* + 2KHO « NO*K(SO>K)* + II*, 

other Bulphazotised acids are produced by the iiction of tiio nascent hydrogen, eiUier 
on the newly formed salt, or on the compound which precedes it, or finally on the 
potassium nitrite, with or without the simultaneous action of fresh sulphurous acid. 

The usual mode of preparing the sulphazotisod acids is to pass sulphurous acid into 
an alkaline solution of potassium nitrite, the products thus formed rarying in 
composition accordingly as tlio solution is cooled or not during the passage of the 
gas. 

All these acids are sulphonic acids, containing oitlior trivnlcnt or quinquivalent 
nitrogen, which may also bo united with oxygen or witli hydrogen. Claus accordingly 
distinguishes three groups : 

1. Stdphamimnic com^unds^ all containing quinquivalent nitrogen, which, besides 
the sulphonic group SO*K, is combined only with hydrogen. Those compounds, when 
ignited with s^a-limo, give off the whole of their nitrogen as ammonia. 

2. Sulfhoxyasio compounds^ likewise containing only quinquivalent nitrogen, W'hich, 
however, is united -v^dth oxygen ns well us witli hydrogen. When heated with soda* 
lime, they give off only a part of their nitrogen in the form of ammonia. 

8. Sulphamic compounds containing only trivulont nitrogen. 

Of these tliree classes, tlio follow*ing compounds have been examined : 

(1) . Sulpliammonatos: 

N*H(SO*K)* Tetrasulphammouato of potassium 
N’'H*(SO*K)* Trisulphummonato of potassium 
N^H*(SO*K)* Disulphammonato of potassium. 

Tlio monosulphammonate, N^H^(SO*K), has not been obtiincd ; it ■would be iso- 
meric, or perhaps oven identical, with ammonio-potassic sulphite, • 

(2) . Sulphoxyasatos: 

ON*H(SO»K)*. Bisulphydroxyazatc of potassium : hard, transparent, shin- 
ing crystiiis sparingly soluble in cold, easily in hot water; 
decomposes when heated ab^vo 60®. 

ON»(SO*K)». Trisulphoxyazate of potussium: shining, transparent, rhombic 
plates, moderately stable. 

HN^ N»0 Sulphazotate of potassium: colourless, translucent, rhombic 

III II plates, which may bo heated to 160°. 

(SO»K)»OKCSO*K), 

y-CK Oxysulphazotato of potassium : needles of a deep yeflow colour ; 

very unstable. 


(SO»K)*(SO»K) 

(3). Sulphamates: 

^fH(OH)(SO*K). Sulphydroxylamate of potassium. 

NH.(OHXSO»H). SulphydroxyUmic acid. ^ ^ 

The aqueous solution of tlus acid may bo boiloa lor » ww 

time without decomposition. 

Instead of the names above given to the ^ 

the following, in which the predx * ^872 234), as mo*® charac- 

pound, are proposed by Michaolis (Jahresb* /. Chem. loll, h 
teristio;-^ _ . . . 


NH(SO*KV 

ONH(SO»K)* 


Hydrasotetrasulphonate 

^drasotrisul^onate, &c. &c. 

Hydiazozydisulphonate 


avuBwratiM oi> s*«na>». 


ISm Bmiuani (p. 491). 
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SirUBIBBS OV BVDXOOW. Monosulphide: Sulphydrieamd: Shtl- 
phuretted Hydrogen. — On the formation and propnration of this gas, and tho decompo- 
sition of its aqueous solution, boo p. 661. The gas is commonly said to require a red 
heat to decompose it. Acc^ing to J. Myors, however {Ann. Ch. Pharm. clix. 124), 
the decomposition begins at 400°, and proceeds rapidly at tho boiling point of sul- 
phur. 

Basicity of Sidphydrie acid, — J. Thomsen (Pcpy/. czxxix. 193 ; Jdhresb. 1870, 
120) regt^s sul^ydric acid ns a monobasic acid, IT.SII; first, because tho heat de- 
veloped on adding to it successive quantities of sodium hydrate does not increase after 
the addition of 1 mol. NaHO {Ist auppl. 683) ; secondly, because tho second atom of 
hydrogen cannot bo replaced by sodium acting on tho aqueous solution. For similar 
reasons also he regards water as a monobasic acid, II.OH. According to this view, 
tho so-called neutral sulphides, such as Na^S— like tho corresponding anhydrous 
oxides, e. g.. Na^O — cannot exist in aqueous solution, and tho soluble normal salts of 
sulphydric acid must bo regarded as Na.SII, 'Ba(!3H)*, Mg(STl)“, &c. Kolbo (/. pr. 
Chem. £2], iv. 412) objects to this view, on the ground that, if nn aqueous solution of 
sodium sulphide contains nothing but tho sulphydrate and hydrate of sodium, it should, 
when treated with potassium othylsulphate. yield nothing but mercaptan, whereas it 
always yields in addition ethyl sulphide, (C-H^)*S, tho quantity of which is groiiter as 
the solution of sodium sulphide is more concentrated. Ivolbe therefore concludes that 
the resolution of tho sodium sulphide into sulphydrate and hydrate is complete only 
in very dilute solutions (such as those used by Thomson), and very partial in concen- 
trated solutions, and tlierefore that Thomson’s view of tho monolmsicity of sulphydric 
acid is erroneous. Thomsen {ibid. v. 247) agrees with Kolbo that tho decomposition 
of metallic sulphides by water is more complete in dilute than in concentrated suhi- 
tions, but regards liis inforoneo from the formation of ethyl siilplii Jo in the reaction 
just mentioned as inconclusive, inasmuch as the reaction is complicated by the pre- 
sence of sodium hydrate. 

Persulphide.^-Tho composition of this compound is still a matter of douht. 
Hofmann, in 1868, obtained a crystalline comTOimd of hydrogen persulphide with 
strychnine, having the composition C'-*H“N*0®.H*S*, and hence inferred that the per- 
sulphide itself is ; he did not, however, succeed in isolating it. Similar result 
have recently been obtained by W. Ramsay {Chem. Soc. J. [2], xii. 857), who likewise 
did not succeed in isolating tho persulphide, or in obtiining it of deftnito composition 
by any other ppocoss. Hrochsel {J. pr. Chem. [2], iv. 20 ; Jahreab. 1871, 211), on 
the other hand, regards the persulphide ns a pentisulphido, H'S^, analc>gous to K^S^, 
because it may bo formed from the latter (? by decomposition with acids), and recon- 
verted into it by the action of alcoholic potiissium sulphydrate ; 

2KHS + - K*S» + 2H-’S. 

Hydrogen persulphide is an almost coloarlGS.H oil of sp. gr. 17342, somewhat snlnblo 
in alcohol, insoluble in benzene and chloroform. It dissolves phosphorus and todtnr, 
but tho solutions gradually decompose, giving off sulphydric acid, and forming phos- 
phorus iodfdo or hydriodic acid respectively. Chlorine passed through it forms hydro- 
chloric acid and sulphur chlorido, S-Cl®. Bromine acts in a similar manner. 6W- 
phurom anhydride has but very little action on it. Ammonia^ either gaseous or in 
solution, decomposes it instantly, lc:mng sulphur in a peculiarly brittle blistered state. 
On organic bodies tho persulphide exerts a more powerful reducing action than the 
moDOBulphide (Ramsay). 

8VXi»B»B0, MBTAUZC. Formation by the action of Micaline Bidphidca on 
Metds (Priwoznik, Ann. Ch, Phann. clxiv. 46). — Pure copper immersed in yellow 
ammonium sulphide to which a considerable quantity of sulphur has been addM, be- 
comes covered with a crust of cupric sulphide, CuS, blue-black on the outer, 
black on tho inner surface, easily separating from tho metal and continually rone^* 
If tJio action be allowed to go on for several days, tho monosulphide changes into 
black cuprous sulphide, Cu*S, the supernatant transparent and colourloss liquid then 
conristing of ammonium monosulpnide. The yellow solntions of potassium ana 
sodium sulphide likewise mvo up their excess of sulphur to copper, and Decoms^dlo^ 
less. This reaction afformi an easy method of forming tho alkaline roonosulphid^s ; 
a little copper, however, is apt to be taken up. Sodium thiosulphate is also decom- 
ppe^ at the boiling heat 1;^ copper, especially in the finely divided .state ; thus:' 
Na*S»0* + 2Ctt - Ctt»S + Na»SO». 

Sdeer, as is well known, is blackened by alkaline sulphides. Chemically 
immersed in yellow ammonium sulphide becomes coated lirith ft very closely 
lead-grqy film, which becomes thideer on prolong iipmemion, and after shbst 
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fToeks fonns a crystalline crust of the monosnlpbide Ag®S, which easily splits off on 
bending the plate. 

Tbif under Bimilar circnmstnnces, lilcewise unites with snlphup, but does not form a 
crust, becauso the resulting sulphide dissolves in tho sulphide of alkali-metal. 

Nickel behaves exactly like tin, imparting to yellow ammonium sulphide a dark 
colour which passes through brown into black. This reaction serves to distinguish 
nickel from cobalt (p. 849). 

An iron wire, a millimeter thick, immersed in ammonium polysulpliido, gradually 
became covered with an extremely tliin velvet-black film, wliich w.is easily rubbed off 

Wormatioii the action of Thiomlphates . — Metallic oxides or salts, heated with 
anhydrous sodiuin thiosulphate, are converted into sulphides, exhibiting, for the most 
pirt, tile same colours as wlioii they are formed by precipitation with hydrogen sul- 
phide. Manganic oxide, however, is converted into green oxysulphido, Mii^OS, and 
stannic oxide into brown stannous sulphidn (Laiidauer, Zdtsctir. Ann. Chem. 1872, 
427). 

Actimi Iodine on IneoluUe Sulphides . — A mixture of sine sidphidc and dry iodine 
immediately becomes hob, with separation of sulphur, and formation of zinc iodide ; 
to complete tho decomposition, however, tho mixture must be heated to 200° in scaled 
tubes. Zinc sulphide suspended in water is acted on in the same manner by iodine, 
cither dry, or dissolved in water or alcohol, excepting that a small quantity of zinc 
sulphate (15 pts. to 1000 of the zinc sulphide) is produced at the samo time. The 
sulphate is also formed in small quantity, togetlior uith zinc iodide and free sulphur, 
in the Jiction of dry zinc sulphide on solutions of iodine in ether or chloroform ; no 
sulphate, however, is formed in the action of zinc sulphidn on iodine dissolved in car- 
bon sulphide. Native sine hUnde is attacked by iodine only at high tempcratiiros, 
best at 200° ; in prcsonce^of water a little sulphato is likewise formed. TJie fonnatiou 
of the sulphato appears to be due, not to the absorption of oxygen from the air by the 
sulphide, but to the decomposition of water, with forma.tioTi of hydriodic acid. 
Similar results aro obtained by tlio action of iodine on the sulphides of manganese, 
Cadmium, iron,' nickel, cobalt, tin, antimony, arsenic, bismuth, lead, mercury, silver, 
and platinum (Filhol a, Mollies, Ann. Chinn. Phr/s. [4], xxii. 58). , , . i 

On tho electric conductivi^ and elcxrtroinotivo power of metallic sulphides, see 
Electkicity’ (p. 446) ; also Cfwm. News, xxiii. 161. 

SVXiPBZSriC ACXllSa Organic sulphur-acids formed on the typo R 
R denoting a monatomic alcohol radicle ; they contain 1 at. oxygen loss than t o su - 
phonic acids. 

8V»BOSBV»BinO or BVUrBOBSnrZOUC ACXDS. S^n. vithliRUZENE' 


suLFHONic Acids (p. 152). ronsFT 

BVBPBOBBBXOXO AOCT. C'H*0».SO»=OW|2^5l- 
chlorido, treated with sulphuric acid, is couyerted into hensoyl-sulphunc acid, 
, which on hooping, and still more on heating, changes into the isomeric 

sulphohensoio acid, identical witli tliat which is the action of sulphuric 

acid on benzoic acid (Oppenheim, Dent. Chem. Ges. Per. in. 735jl. nolash is con- 
Action of Pot<i,cci«m%dratc.-Cindo sulphobensmc acid W 
verted into a mixture <rf oxybenzoie and 

cannot bo separated by fractional crystallis-ation ; but .nn .ipp i^rium salt-e 

be effected byadding^arium hydrite to.tho mixed f 

whereby a ba^sic barium paraoxytensoate is foreuri, 

water; oxybenzoie acid docs not form a basic bimum salt under toese eirc^t^e 
The formation Vf these two acids shows that crude sulphobcnzoic acid is a mature 


ot water (much less than the meta-salt), ^ jsn tjn, containing vessel 

crystallises from tho hot solution in flat in hot and 

om top to bottom. Tho neutral ^th potaih it yields perfectly 

I cold water, and crystallises in needle. fused „,etUlpho- 

uro paraoxybenzoic acid, whereas the but oxybenzoie acid (Ira 

onzoato of barium yields by flision with potash notmng uuu j 

hsmson, Zeitschr.f, Chem. [2], vii. 81, 199). ^ . t rhm r2l, v. 

Auldosnlpliobeiisolo obtah^* by Seating a solution 

14). Two isomoxio acids having this dissolving the resulting dirty- 

f amidobenzoic acid in fhming sulphuric amd ^ neutralising with barium 

»hito eiystaUinc mass in a large quantity of boiling water, nc -n 
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carbonate, and eyaporating the solution to the crystallising point. It then dopositB 
small, vell-doflned, six-sided tables or prisms consisting of tbo barium salt of one of 
the Bulpho-ocids, and the mother-liquor, on further eyaporation, yields thick -white 
needles or small prisms of the barium salt of the other acid. This last-mentioned 
barium salt has the composition C’H*(NII*)0*.SO*Ba + 3H*0. On supersaturating 
its hot aqueous solution with hydrochloric acid, the free acid separates almost com- 
pletely on cooling, in soft, white, six-sided laminae, or in nodules, very slightly soluble 
in boiling water, almost insoluble in alcohol and ether. It is anhydrous, has a sour 
taste, and is bibasic. Heated witli strong nitric acid it is converted, with separation 
of sulphuric acid, into an easily soluble nitro-ocid. 

Thu barium salt of the other amidosulpliobenzoic acid has, vrlion air-dried, the com- 
position C'H*(NH*)0*._SO='Bsi + 2H*0. By converting it into an .ammonium salt and 
precipitating the solution of the latter with hydrochloric .acid, tho free acid isobtiilnoii 
in narrow four-sided laminrc, which nro easily soluble in hot water, and have, wlion 
air-dried, the composition G^H^(NH*)0*.S0*H + IPO. 

^ These amidated sulpho-ocids are likewise produced, with separation of carbon 
dioxide and ammonia, by the fiction of fuming sulphuric acid on amidobeuzoic cyanide 
{\8t SumpL 817). The amidosulpliobenzoic .acid, which Linipricht and v. llslar 
obtained by reducing nitrosulplioboiizuic acid with ammonium sulphide (v. 488), is 
probably a tliixd modification . 

Bromoaulpliobenxolu Acldi C'IPBrSO^aC^H%|g 0 ^^ (Boctors van Lonnop, 

ZeiUchr.f, Chem* [2], vii. 67). This acid is prepared by heating Ibromobcnzoic acid 
(m. p. ,152°) with sulphuric anhydride till the mixture nearly ceases to give (iff vapour 
of the anhydride, then pouring It into water, separating tho solution from unaltered 
bromobenzoic acid, boiling the filtrate with lead carbonate, and decomposing the 
resulting lead salt with hydrogen sulphide. It crystallises in small, delicate, deli- 
quescent needles. Its salts, especially the neutral salts, crystallise very badly, form- 
ing dense masses which retain moisture, so that it is difficult to determine their amount 
of water of crystallisation. The neutral sodium salt forms clusters of smiiU needles. 
Tho add sodium salty C*IPBr.CO'‘*lI.SO*Na, separates from the solution of tho neutral 
salt in hydrochloric acid, and may bo obtained in well-defined needles by recrystalli- 
sation from alcohol. Tho neutral barium salty C*H*Br.CO''.SO*.Ba + 2JH*0, crystil- 
lisGs in tufla of needles easily soluble in water and in rather strong boiling alcohol. 
The acid barium salt, (C*Il*Br.CO*II.SO*)-Ba + H^O, is formed when tho neutral salt 
is crystallised from hydrochloric acid, and may be obt.aiiiod in very small needles 
by recrystallisation from alcohol. The calcium salty O'J-PBr.C0-.S0*.Ca + 1 JH* 0 , 
obtained by bmling the crude acid with slaked lime or chalk, dissolves easily in water, 
sparingly in alcohol either cold or hot, and crystalli.scB c<asily from hot alcohol in 
needles. Tho magnesium salt forms small needles easily solnblo in water, sparingly 
in alcohol. The copper salty C’H*Br.CO*.SO*.Cu, forms nodular groups of green, 
sparingly soluble ncrales. The lead salt, prepared as above described, also forms 
nodular groups of needles sparingly soluble in water and in alcohol. Tho silver saltt 
C*Jll*Br.CO^Ag.SO*Ag, crystalliseB in white, slightly soluble needles. 

Action of Phosphorus J^Uabromide on Sodium Bromosulphohcnsoate * — This reaction, 
which probably takes place according to tho equation t 


C*H'Br|^2t01Ta + SNaBf + SPOB*', 

i^elded an oil, which was washed with water to remove sodium bromide, and then 
boiled with water to convert the group OOBr into the group OOOH. Heat partly 
decomposed the resinous product, thus : 

C*H*Br.CO«H.SO»Br » C«H*Br*COOH + SO*. 


It was now dissolved in soda-solution, filtered firom the insoluble portion, and pm- 
cipitatod by hydrochloric acid, when it yielded a very small quantity of an (wid. 
Neither this acid, nor its sodium salt, could be obtained in a distinctly crystalline 
state from their solutions in alcohol or water, but one or two sublimations ^ve the 
acid in slender glistening needles molting at 182*’-184^ 

IfliiobeiiMla Aoldi {^OH Upntanu, ZeiUchr, / 

[2l, vi. 291; vatt Leunep, Zee, cie.) This add. the sulphur^aDalogjlie of 
acid, is prepared: 1. By heating sodium stilpnobenzoate with twice iU 
phosphorus pentachloride, and treating the resnlting sulphobensoie chlpnq^ 
G*H*.SO*dl.COCl, with tin and hydrochloric acid. The cxystalhne mass which 8^' 
rates is wadied with hydrochloric acidi dissolved in attmonia, predpithted hy;^ 
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^0-»fcJbsin^ro.u‘™to*(ran ifn 

Thiohydrobeazoic iicid is nearly insolnblfi in wnt^r i ly”"” 

*^bL^nS^h?te b^?oi*t* *“ needles having a faint yellowish colour! but m!^^bo 
obtwned white by^solution in ammonia and precipitation by hydrochloric acid ^ It 
melts at 242 -244 . J:he ammonium salt, 0®H«(SH)C0*NH« + U^O. is sohibio in 
water and alcohol, and separates, on evaporation, as a granulo-crvstallino m-ma Thn 
[CW(SH).CO^]»Ba + 2JIP?,, i, obtained 

diluta soh lUon of the ammonium salt wiOi barium diloride, in small white nr^matic 
needles The cal^um e^, LC»HH8II)CO»pCa + 8H»0, is a light 

a ^ preciiiitotion 


Bromotkiobtneoic acid, C!«H*Br is prepared &om bromosnlpho- 

benzoic acid in the same manner as tliiohydrobenzoic from sulphobonzoic acid. The 
mass, separated by tlio action of tin and hydrochloric acid, dissolves for the most 
part in alcohol, and, on evaporating tlio solution, the bromothiobonzoic acid 
separates in small colourless needles melting at 256° (Upin,inn), at 242°-243° (van 
Lonnep). It is insoluble in water, but dbssolves easily in alcohol. By the action of 
water and sodiiim-amalgam it is converted into thiobcnzoic .ncid. The Hue salt, 
(C®lI*Br.SHOOO)=Zn, is precipitated on adding zinc sulphate to n solution of the 
ammoniuni salt ; it is insoluble in water. The lead salt, (C“Il>Br.SHCOO)’-Pb, is a 
white procipitato, insoluble in i^Titor, prepared by adding lead acetate to a solution of 
the ammonium salt. The bariuiii salt, (C«H*Br.SHCOO)=fBa, forms a white precipitate, 
obtiiined by adding barium chloride to the ammonium salt. It is somewhat soluble 
in boiling water, and, on evaporation, eepirates in microscopic ciystals. The calcium 
salt, like the barium salt, is a white precipitsite. The sodiu7n salt, after treatment 
with iodine, yields an acid having a melting point of 130°. Its load and zinc salts, 
(C*l£*Br.S.COO)*Zn, are white precipitates, insoluble in water (van Ijennop). 


BVXiPBOCAMPBOlUC BOSD, C»H'*SO«. This acid and its salts arc in- 
active to polarised light, although they are derived from the anhydride of camphoric 
acid, which has a rotatory power of about — 7® (Kachler, Ann. Ch. Pharm, clxii, 259). 


BBUBOCABBAIIIXIIS. Stdphurca, CS ■— This body, heated in a 

IN C^H * 

Boalod vessel with nearly anhydrous aldehyde, forms the compound CS i 

which dissolves sparingly in ether and cold alcohol, more readily in hot alcohol, not 
at all in cold wateri and is decomposed, by boiling ■w'ith w’atcr, into aldehyde, suli)ho- 
ciirbainide, and a small quantity of ammonium sulphocyanato. Dilute acids act upon 
it in the some way (J. E. Keynolds, Chem. News, xxiv. 87). 

Tho analogous oxygen-compound, CO » described by Sebiff {Ann. Ch. 

Pharm. cli. 206), is formed by the action of aldehyde on carbamide (urea). 

Diphenylanlphooarbamide, N*(OSXC*ID)»H*.— On the action of an alcoholic 
fiolutiou of nitrous ether on this compound, see p. 436. 

Oxyhensoylaulphooarhamidc, C*H.*N*0*S 


f 

N* \ C WO*. —This compound is 


formed by heating amidobenzoic sulpliatc on the water-bath with a qinntity of water 
Iiot sufficient to dissolre it completoly, and adding an equivalent quaiitijn of 
eidphoCTBuato in crystals, whereupon the whole dissolves in the fora of t^ly soluWo 
amfdobLoic snlph^nato, C'H’SO’.CHNS. By oonoeo^oo a^et^- 

lino deposit is obtained, consisting chieBy of potassium sulphate , . * 

to dryness on the water-bath, exhausting, witi 

tion to drmesB and cpvstaUiting the residue seTetal times fiem boiling watOT, oiy 
boneoyl-s^bSiSbai^^ resulting from molecular transformation of the anudobeusoie 

Ge». it. 406). 
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Paeudotolyl’^ulphocarhamj,detO^^^^^'*^ ■* CS(NH.CUr)*, is formed by heat- 
ing pseudotoluidine on tho ’wator-1>ath, with an alcoholic solution of carbon sulphide, 
08 long as hydrogen sulphido continues to escape, and soparatos out, portly during the 
reaction, partly on cooling. This compound, when recrystallisod from alcohol, forms 
white woolly needles extremely soluble in alcohol and ether, melting at 165^ (uncorr.) 
(E. Gerard, DeuL Chem. Ges. Ber. iv. 085). 

8V&VKOOA1KBZMZBBB. Sco SunpHOCYANlC ]^ll£RS (p. 1117). 

ambBBOCABBOZm CBBOBZDBt GSOP. See Carbon Sulfhoculorides 
( p. 266). 

SCTiMtOCZKirAillSZC ACZBp C*H"SO\ Cinnamic acid treated with strong 
sulphuric acid yields two isomeric sulpho-ncids. The para-.icid, C^IPSO* + OIPO, 
crysUillisos in largo monoclinic prisms ; its barium saH^ (C“H’.SO^)‘*Ua + Sli-'O, forms 
long, sparingly soluble needles. By fusion with poUish tho acid is converted into 
paraoxy ben zoic acid. Tho isomoric acid forms indistinct crystals; its hariim 
salt^ (0®H'SO*)*Ba+ 1JI1*0, crystallises in nodules. Tho salts of this Latter acid 
aro more soluble than tho corresponding para-salts. By fusion with potash it appears 
to yield oxybenzoic acid. 

8inbPBOCOVllZABZZ.ZO ACZB, C®II"05S0® (Perkin, Chem, Soc. J, [2], i.x. 49). 
This acid is formed by digesting 1 pt. of coumarin with 5 pts. of fuming sulphui'ic 
acid on tho water-bath for an hour or two. The product dissidves perfectly in watei*, 
and the solution neutralised with barium carbonate yields, besides barium siilphato, 
the soluble barium salt of sulphocoumarilic :ioid ; and by decomposing this salt with 
tho oxiict quantity of sulphuric acid required, then filtering, and ovaponiting, first over 
the wator-bath, afterwards in a vacuum, sulphocoumarilic acid is obtained in easily 
soluble needles having tho composition C*I1*0“.S0*II + 211*0. Tho ammonium salt 
crystallises in silky, easily soluble needles. Tho sodium salt forms transparent 
rhombic crystals nearly insoluble in alcohol. The j)otasaiitm salt crystnllisos in flat 
prisms. Tho ba^'ium aalt^ (C®H*0*.S0*)*Ba + 5H*0, and tho strontium saltt 
(OTP0*.S0*)*Sr-»-H*0, crystallise well. 

Bisulphoooiainavlltc Aolda C*fPO*(SO'H)*. A mixture of about 8 pts. fuming 
sulphuric acid and 1 pt. coumarin, boated to 150®-160'^, for an hour or two, yields a 
product containing sulphocoumarilic and disulphocoumarilic acids ; and on iicutralis- 
iDg this mixture with barium carbonato, evaporating to dryness, and treating the 
residuo with warm water, barium 8ulpho<!oumarilato i.s dissolved, wliilu the less solublo 
disulphocoumariliito remains liohind, and may bo purified by recryst'illisalion from 
warm water. This salt, C’’n‘0'"(S0*)*Ba + 11*0, forms a white crystalline powder 
nearly insoluble in cold, and but slightly soluble in hot water (Perkin). 

BVBPBOC'B’ABrACBZinrB or ACBZXnTB BUXiPBOCTAWATSf 

C®H*NSO. A product of the decomposition of sinalbin. See Mustard (p. 882). 

BmbPBOCTAarATBB. Synthesis of Ammotiium Sidyhocyanate , — According to 
Berthelot {Jahreab.f. Chem. 1868, 160), carlion sulphide is not acted upon gaseous 
ammonia at ordinary temperatures, even after several hours* contact. Heys van 
Zouteveen, on tho other hand (Archives Nverlandaiscs, v. 240), finds that when dry 
ammonia gas is passed into carbon sulphido, a brick-red prccipitato is formed, the 
aqueous solution of which, when evaporated over a Bniison flamo to half its bulk, be- 
comes decolorised, gives off vapours of carbon sulphide and ammonium sulphide, ana 
doposita a small quantity of sulphur, leaving a solution of ammonium sulpho- 
cynnato, as shown by its reaction with ferric salts. 

. The first stage of tho reaction appears to be : 

CS* + 2NH* - CSNH*(NH‘)S 

analogous to*> 

COS + 2Nfl* - CSNH*(NH*)0 

(Is^ Su^. d08); tho ammonium sulphocarbamate tlius formed being sttbsequontly do- 
compoM by tho action of heat on its aqueous solution, as shown by the equation : 

2CSNH«(NH^)S - CS* + (NH«)»S + ONS{NH0. 

The process may also bo supposed to toko place as foUows : firs^-* 

2CW + 41W - 

and theiii on boiling tho mixture : 
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boi^ pwpar^ by^h.’Noi^t b" 

pSSxU »?5lf *’•’■ 

KaK ^midr 

|» SgSgg;, * ■» 

HgSr(CyS)‘ Hg«Mn‘(CyS)» + 3aq. 

Potattium I»osulphoes,anate, N|^._Thi8 salt is obtained by tho action of 

alcoholic TOtnab on penralphocyauic acid, as a yellow granular mass, wliich may bo 
docolonsod by boiliiw with wry strong alcohol, and freed from adhering water hyox- 
|)osnro over oil vibnol. It dissolves easily in water, is nearly insoluble in strong 
alcohol, but soluble in very weak spirit. By lo.aving the aqueous solution for somo 
u P “ ohtaineil in crjst.als having the composition 

2KNCS + HO. The following reactions distinguish the isosulphocyanato from tho 
ordinary Bulphocyanate : 


Silver nitrate . 

Basic acetate of load 

Copper Bulphato | 

Cobalt fiulphate 
Nickel sulphate 
Cadmium sulphate ' 

Zinc chloride « 

Mercuric cliloride j 
Mercurous nitrate . 


Sulpbocyanato 


White prccipitati?, solu 
bio in ammonia 

White voluminous pro 
oipibito . 

Black pulverulent pre 
cipitato . 

Kose-red coloration 

Greenish coloration 

No reaction . 

I Grey precipitate . 


lEOSulpliocyanatc 


) Light yellow precipitate, scarcely 
j soluble in aniiuouia 

I Yellow' precipitate 

j Greenish-yellow precipitate 

Brownish-green precipitate 
Reddish precipiUto 
White precipitate 
( Deep yellow, voluminous pre- 
\ cipitato 

WJiite voluminous precipitate 
Black precipitate 


Ferric chloride gives, with neutral solutions of tho isosulphocyanato, a brown 
coloration, which disappears on adding excess of tlio iron solution ; a yellow pulveru- 
lent body separates from tho liquid on standing. 

Potassium isosulphocyanato may be partially converted into sulphocyanate by re- 
peated evaporation of its aqueous or weak alcoholic solution on tho water- batli, and 
completely by fusion. . . j.j . 

A smell, similar to that of mustard-oil, is observed on leaving ethyl iodide in con- 
tact with isosulphocyanato of potassium or silver (Fleischer, Deut, Chem, Ges, Ber* iv. 

Bnlplioejmnlo Bthera. Allyl Isosulphocyanato or Sulphocarhimide. 
VdatUe OU of Mustard. According to VoUrath {JLrch, Bharm, [2], cxlviii. 

Iii6), this oil forms an essential constituent of the root of mignonette. It mixes 
with strong sulphuric acid without coloration. On adding 3 pts. of strong 
sulphuric acid drop by drop to 1 pt. of mustard oil, both being cooled by ice, 
decomposition sets in, attended with evolution of sulphurous acid and ^rhon oxy- 
sulphido (Fiackiger, Arch. Pharm. [2], exlv. 214 ; Chem. ^. J. 8®'*); , , , 

Mustarf.<nl unites directly with add potassium when boiled with it in 

concentrated solution, forming tlio compound C'H»NS.SO»Kn, ,® ° 

oTaporatJon in yellowish crystals, and may lie obtain^ by rMrystalli ^mnounda 
IssT nacreous laminss, docimposing at ?0»-100°.. Tho 
formed ftom it by doublo decomposition Lkewiso dw^pose \ y *i , 
potassium salt distfflsd with strong potash^olution XT^d if 

thiosulphate of rntoMinm, and allylamine. With strong ^ 1 ° t 

«olphu«us oxid^ftod an\.il bolUng »t 140». and prataUy consisting for tho most 
PMt Of aUyl sulphido (Bader, div. 69)- 

On the use of mustardroa ftw P^“8 ® .-L i, n«ii. CW Gss. Per. 


IT, 136)a An 9 olttti 6 ii ot cMotanuwOt 


lanitscb, B&uts ChsMm^GcSa Bst. 
with carltoii. bisulphide gives 
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Ohiorophenylic •ulpjiocapbiiiiiide, and the alcohcdia atdu. 

tion of this Bubstaoce, troatod with alcoholic iodine Bolution, yields chlopophenylic 

iso 8 nlphocyanateor 8 ulphocarbimide,N|^® 2 <ci colourless neodlos molting 

at 40°. This compound reacts with ammonia in the same manner as the other iso- 
sulphocyanic ethers, yielding a chlorinated phenyl-carbamide having the composition 

^ ‘ ^utor in sealed tubes to 130®, the chlorophcnylic 

iscwulphocyanate is resolved into carbon dioxide, hydrogen sulphide, and chlorauiline 
With absolute alcohol, on tlio other hand, it yields a semi-sulphurettod chlorophenyl- 
umhana, 

lodaniline behaves with carbon bisulphide similarly to chloranilino. In the 
formation of the corresponding iodated phonylic isosulphocyauato, a residue is obtained, 
which, by treatment with alkali and precipitation by acid, gives iodatod triphenyl- 

guanidine, |j=N((?>ffI), 

NH(C*H<I) 

A corresponding compound appears also to be formed in the preparation of tlio 
chlorophenylic isosulphocyanate, 

S Qjr 

03|£7 1 formed by treating an alcoholic solution of 

propyl bromide with potassium sulphoeyanate, is a fetid oil boiling at 163® (Carl 
Schmitt, Zeitichr, /, Chem» [2], vi, 576). 

SWBOCniCaifZO ACZD. Syn. with Cymenr-sulphonic Acid (p. 420). 
flmbPBODZAZiinUC ALCXO. Soe SrLPUorsKUDO-unic Acid (p. 1125.) 

SVXiPBODZBBOKOaBWUBB and BVXiPBOBZBBOlIXOBXTBOBBB- 
ZBBB. Syn. with DuIBOUOJIBNZENESVLPUONIC and DlBB 0 M 0 NITlt 01 il£N*iSl!aCKSUI.FH 0 NIC 
Acids (pp. 153, 154). 

BVZiPBOPOBBKi O^H^S*, appears to bo produced by boating sulphur with 
iodoform ^ sealed tubes to a temperaturo not exceeding the melting point of sulphur. 
On mixing an alcoholio solution c)f potassium sulphide witli chloroform, reaction takes 
place with explosive violence, and a compound of siilphofomi Avith potiissium sulphide 
is produced, which crystallises from alcohol in long prisms (Pfankuch, J, vr. (Jkem, 
[2] iv. 38; vi. 97). 

BBBPBOVVBIABZO ACZD. C^H^SO^ » C'^II’.SO’H.(CO<Il)>, (Crodiicr, 
ZeUschr.f, Chem, [ 2 ], vi. 77). This acid is produced by boiling fumaric acid for a 
considerable time with a solution of acid pot^issium sulphite and potassium carbonate. 
On precipitating the resulting solution with load acetate, and decomposing the precipi- 
tate with hydrogen sulphide, a solution is formed containing an acid potassium salt ; 
to prepare the free acid, this solution must he neutralised with ammonia, and again 
precipitated with lead acetate. 

Sulphofumaric acid forms a syrupy, strongly acid liquid, which, when loft for somo 
time over sulphurio acid, deposits indistinct crystals deliquescing immediately on 
exposure to the air. It is tribosic, and forms basic and acid salts. The poiamum 
C*H’K*SO’ + H®0, forms nodular groups of efflorescont crystals. The abovo-men- 
tioned add potassium salt likewise forms nodules having the composition 
(0*H‘K*S0’)*.C*H*S0’ + 1JH*0; when heated on platinum foil, it swells up like 
loercuric sulphoeyanate. The aminouium salt, C*^*(NH*)SO^ prepare by 
. satufatiiig 1 pt. of the acid with ammonia, and adding 2 pts. of iicid, forma crystals. 
The sUver sa^f O^H*Ag*SO^, obtained by predpitating the neutral potassiutnealt vith 
diver nitrattjhis white, czystalline, and m^erately soluble in water. The barium 
(C*H*s 6 *)*Ba^ IS obtained by predpitation. llie calcium salt, (O*H*SO^)*Ca* 4 ' 6 H^ 0 , 
forntf oolourleu e^resce^^ The neutral lead salt, (C*H* 3 p^l*Fb" 

formed by peredpitating the add potossinm salt with lead acetate, is soluble in watA 
free acid, and sobition of lead acetate. A basic insoluble lead salt, (OH*SO')’F^.|P1A 
is obtained by predpitating a solution of tlie add potassium salt neutialieed with 
ammonia. Thecop^sa/4isunerystaUiBable.v a 

Sulphofttmado add heated with strong potaA«lej ft resolved into snlphnmus ua 
Ibsianc addSb With dne and hjrdroddorio add it ^ves pff hydrogen sulphid^ - 
. treating it ifith hydiochlode geii^^ei fndphvtofas add, ie M 

' reproduced, ■ . ’ 
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■VWBOaAUbOUO ACID, C^H'SO' - . (Schiff, Deut. Chen. 

Gea, Ber. ▼. 642). An acid produced Ly treating pecrystalliBod pyingallol vith pure 
disnlphupylic acid (obtained by adding 1 mol. SO» to 1 mol. A mixtuAj of 

25 grams of pyrogallol and 10 c.c. of the acid mixture becamo hot and solidified in 
two minutes, and after ton minutes’ further warming, the pyrogallol was completely 
converted into a slightly coloured sulphogallolic acid. This acid is much more 
soluble than gallic acid, and deliquesces on exposure to the air. Its potamum salU 
C*H*(OH)*SO*K + 2H*0, crystallises in huge rhombic octohedrons. The silver salL 
C"H®(OAg)»SO*Ag, forms cryst-vllino grains. 

Sulphogallolic acid when heated, loses water, and is converted into sulpliotannio 
acid, « 2C“H‘'SO« - H^O (p. H25). 

SmPBOMAUSZO ACZB, C<n«SO» *= C*H«(SO»H)(CO®H)*, (Streckor a. 
Mcssel, ZcUschr, f, Chem. [2], vi- 459).^ This acid, isomeric with sulphofumaric and 
siilphoBuccinic acid (v. 527), is obtained in indistinct crysbils by decomposing its silver 
salt with hydrogen sulphide. When fused with potash, it yields nothing but fumnric 
acid. The neutral potasaium salt has the composition C^H*K“SO' + H-0 (the 
sulphosuGcinate crystallises with 3H*0). Its solution gives with lead accUito a heavy 
white precipitate, which, wlicn decomposed by hydrf^on sulphide, yields an acid 
potassium salU C*H*KSO^, crystallising from alcoliol in small trans^mrent crystals, 
and precipitated by alcohol from its aqueous solution as a mass, which hardens 

in the air, and swells up when heated like mercuric sulphocyaiiatc. The solution of 
this salt, mixed with lead acetsite, gives a bulky proeipitato of the salt, (C*H=*.SO’)U‘b*, 
-which bocomes crystellino on stiinding. The potassium salt cbbiined directly in the 
preparation of the acid by boiling maleic acid with neutral potassium sulphite has the 
composition C*H^K‘^SO\ The barium salt, (C^n*SO')*Ba*, is slightly soluble in cold, 
inorii freely in hot water. A calcium salt wdth probably 1 at. Ca is obtained by 
boiling tho acid with calcium carbonate; the neutral salt by neutralisation with 
milk of lime. The silver salt, C^H*Ag>SOs prepared from the potassium salt above 
mentioned by the action of ammonia, forms a heavy precipitate, slightly soluble in 
cold, more floliiblo in hot water, 

SU&PSOM88ZTY&BMrZC ACID. Syn. with MESiTTLENE-sPLPnoNic Acid 


(p. 788). 

8VU80irAP8TBAXiZC ACZ9. 


Syn. with NAPirniALENB-suLrnowic Acid 


(p. 836). 

)g^]QPBOgfi^PBX80ZC ACZD« See Naphthoic Acid (p. 838). * 

SWBOPABBBBATBS. See Paixadium (p. 8S0). 

phide, and Ae sdution of the the solution, 

thus obtained is purified Vy «teT and 

and rocrystallising the residue from /ho acia is veijr so 

alcohol, crystallises in deliquescent, white, silky need , g 

G»H<K=SO« + H*0. is obtained in needles. Both salts contam tn s , ^ 

latter salt, by addition of caustic potash, may be ^ 

and aa both, when ftwed with caustic TOtosh, f^,n',ator in small 

The neuti^ bariun saU. O’ “/“^^oXt^ by adding 

plates, and a basic etaU, (0»H*S0*m. « ^K^/w^C'Hblg’SO*,: 

barium chloride to a solution of the bwic ‘ mu «,«, C'H‘CuSO*, 

aeparatesfrom ahot aqueous solution J[“® “Sor: the eadmem 

remains, on evaporating its solution, as a daik- g^ and?8 soluble in vster. 

xilt, C'H‘CldSO* + 8 H"o, forms microscopic crystals, and is roouiiy . 

8TO»*0»B»rn»*P»*0«0 *0», or » „M Mtassium 

nomo Aozs, c*H'*so* » >» “ ®" 

**dt by the action of ncatial potassium • 

• CW'O* + SOW » 
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The two bodies unite directly when boiled together for twelve hours in aqueous solu- 
tion (1 pt. potassium sulphite to 10 water). The add. potassium salt crystallises in 
Btellato groups of hard needloSi soluble in 25*9 pts. of water at 15°, more easily in hot 
water, sparingly in alcohol. It crystallises without alteration from boiling dilute 
hydrochloric or sulphuric acid, melts and decomposes when heated. The neutral 
potetssium salt, C"Il*SO*K* (dried at 120°), crystallises from water in colourless 
trauEiparent crystals, from alcohol in nodules ; it contains water of crystallisation and 
effloresces in contact witli the air. By boiling the acid salt with zinc or zinc oxide, a 
eincopotassic salt, (C"H*SO‘)®ZnK*, is product. The sUver salt is a white crj-stalline 
precipitate. The lead salt, obtained by boiling tho acid potassium salt with lead 
hydrate, is a viscid mass while hot» but becomes brittle on cooling. 

Phenylsulpbopropionic acid, obtained by decomposing tho loiid salt with hydrogen 
sulphide, forms colourless easily soluble crystals. It is not altered by boiling with 
.strung hydrochloric or dilute sulphuric acid, bub is carbonised by sti'ong sulphuric acid. 
Strong nitric acid converts it into a nitro-ocid. Potassium chromate and sulphuric 
acid act upon it only in concentrated wlntion. Strong potash-ley converts it into 
cinnamic acid (C. Valet, Ani^, Ch. Pharm, eliv. 62). 

SmLVBOPBOaPBOSIG BTB&B8. These compounds are phosphoric ethers 
in which the oxygon is more or less* replaced by sulphur. A few of them were ob- 
tained by Oarius in 1859, by tho action of phosphorus pontasulphido on alcohol (iv. 
592). More recently (Ann. Ch, Pharm, cxix. 289) Carius has obtained nearly tliu 
entire series of tho otnylsulphophosphoric ethers, and has shown that, both in mode 
of formation and in chemical reactions, those sulphur-compounds are exactly analogous 
to the corresponding oxygen -compounds, and that tho sulpho -alcohols yield ethers in 
the same nuinner ns the oxygcn-nlcohols. Some of tho corresponding methyl- and 
nmyl-compoimds have been prepared by Kovalevsky (ihid. cxix. 803). 

The Biilphophosphoric ethers exhibit isomerism of such a kind that ouo of tlio two 
bodies has the sulphur, tho other tho oxygen, outside tho radicle ; but this difference of 


Btructuio is not accompanied by any difieronce of properties ; e. g. 


PO )S 

identical in properties with 1 08* 

Tho diethvlic and triothylic orthosulphophosphoric others are formed : (1), by tho 
action of tho hydrates or sulphydratcs; (2), by that of the oxides or sulphides of alcohol- 
radicles, on tho pentoxide or pentasulpliido of phosphorus ; or (3) by tho action of tho 
oxychloride or sulphochlorido of phosphorus on alcohol or mercaptan respectivoly : 


co- 

6C®H»OH -F 

P»0» 

= 

PO(OC*H*)» + 

-I* 

2H®0 


5C®n»on + 

P=S» 

“ 


+ 

H*S + 


6C*H*SH + 

P»0» 

- 

PO(SC»H*)* + PS 

+ 

2H*0 


6C*H»SH + 

p®s* 

C3 

PS(SC*I1‘)* + 

+ 

2H*8 

ca). 

8(C»H»)*0 + 

P*S» 

- 





3(C®H7S + 

P*S» 


2PS(SC«H®)» 



(8). 

8C*H“OH + 

PSCl» 

- 

PS(OC»H*)* + 3HC1 




30*H»SH + 

pool* 

- 

PO(SC*H»)* -1- 3HC1 




8C*H*SII + 

PSCl* 

- 

PS(SC®H»)» + 3HC1. 




1. KbOTBAL or TuIBTHTLXO 0BTHO8UX.rH0Plt08PK0BIC Ethhbs.^ Thosfl 
ethers aro liquids which do not solidify at — 18°, and have an aromatic odour inchuJUg 
more and mure to alliaceous in proportion to tho quantity of sulphur which 
lain. Thom which contain only oxygon or only sulphur, PO(OC*Ii*)*, and PS(W B ) » 
volatilise without decqmposition, the former at about 200°, as colourloss liquids 
Boon turn red. The three intermediate oxysulpho-efchers, PS(OC*H* aSU'B J* 
jporsewy, and PS(0C*H*)®. are decomposed by heat, giving off ethyl snlphid^®;»w 
ip^qlent ebullition, toimrda 160° ; Uio monosulphurott^ ether at tlie to®* 
eff ethyl oxide and partly distils undecompoi^* , Jhe ymonQ- and 41*® 
ethers distil undeoompoMd vrith vapour of ' amter^ ^ end tetm.-Bttlf 

ethers are decomposed thereby, wi^ evolution of meii^sai^n ^nd Bulphhi^ 
and e/Ara&s lOfioholkl oonvort tl 
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ethers' into diothylic of the same degree of sulphuration ; ethyl totrasalphophos> 

phato yields at the same time diethylic acids of lover boiling point. The neutral 
ethers, heated with alcohol in sealed tubes, yield the diethylic acid containing 1 at. 
sulphur less, tc^othor vith the mono- or di -sulphide of the alcohol-radicle. ^ With 
strong sulphurio acid, the neutral ethers decompose in the following manner, yielding 
a sulphuretted pyrophosphoric ether, together until ethylsulphuric acid : 

2PS(OC*H*)» + 2SO'IP « FS*(C-H»)<0» + 2SO\C*H»)H -h IFO. 

A similar action is exerted by very concentrated solutions of pAo^/ioric acid and 
valciitw cMoride. By the further action of sulphuric acid, sulphur dioxide is evolved 
and neutral ethers of the metaphosphoric series Hro produced. Ethylic tetrasulpho- 
phosphate, however, docs not exhibit the reiictions just mentioned. 

JViOsphorua j>entachhride forms, vith the triethylic orthosulphophosphatcs, ethyl 
chloride, phosphoryl chloride — or, in the case of tho tetrasulphophosphato, sulpho- 
phosphoryl chloride — and a diethylic chloride: 

PS(OC‘H*)* + PCI* = + POCl* + C?H‘C1 

PS(SC*H‘)> + POP - Psj^^*^ + PSCl* + C»H*a. 

If tho pontachlorido is in excess, tho setion goes further, producing n monethylic 
dichlorido, or finally sulphophosphotyl chbrido ; 

pgj^CPH*)* ^ POP = PSj^?®* + POOP + (PffCl 




C»H*C1. 


A action takes place with phosphorus iodide, or 

“hi tri6%Scother8 form welUrystallisod compounds with tlie ohlondes and iodides 
oflead, silver, and especially mercury. 

solutions of their lend, mercury, or Bilrer salts. .Jmirless viscid 

very ad/ liquids, whicli, when 1^ to air. 

shaped crystals ; aaid, are de- 

The thiee acids juJt described, as veil as 

composed when heated to 100®, sulnhido is abundantly evolved, 

solution of diethyldisulphophosphoric acid, liydi-opn sulpliido is ao j 

and diothylmonosulphophosphoric acid is lorraea . 

PS(OC*H*)^H + H*0 « PS(OC=H*)*OH + IPS. 

By prolonged boiling the bv‘*^™rin^lite*'>^™®'‘> won nt 


acid. 


The four compounds above dewril^d ^d^viSTm^Uic 

may be obtained by direct U\edietIiyltetra8ulphophosphat^ 

SSaJSSiKSSrSia 

light and «“ wfiTth® ®«IW 

^ greater phosphoms in the form of 

the diethylmonoBul^tes alone leaTo ^ aoluble 

tttotaphosphate, ^ ms^\k 

Tho ammonittm, pbtassiumi . > 

2ndaup/ : — ^ 
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in water; those of diethylmonosulphophosphoric acid with the metals of the magpiB- 
Bium<group, aro slightly soluble ; all the rest are insoluble and form hoaTy, curdy pre- 
cipitates. The last-mentioned salts molt for the most part, without decomposition, and 
dissolve easily in hot alcohol, other, or beneeno, from which solution^ they crystalliao 
very beautifully on cooling. Diethylmonosulphophosphoric acid and its salts in 
aqueous or alcoholic scdution form with ferric salts a brown flocculent precipitate 
slightly soluble in absolute alcohol ; the more highly sulphuretted acids, on the con- 
trary, form deep black orystallino precipitates soluble with ruby-red colour in 
alcohol. 

All the salts above described are decomposed by ordinary acids in the cold with 
great difficulty or not at all ; but by strong sulphuric acid, at a gentle heat, they are 
converted into neutral ethers of the tetrab^ic or pyiophosphoric series; thus (R deno- 
ting a monatomic metal): 

2PS(OC*H»)*OR + 2SO*(OH)* « H*0 + 2SO*(OR)(OH) + P»S*(bC»H»)<0. 
With phosphorus pentachloride they behave like the neutral ethers : 

PS(OC*H»yOR + POP « POOP + RCl + PS(OC*H»)*Cl. 

Ethylsulphopho^phoric chloridcB , — ^Tho mode of formation of these compoumls 
has been ali^y explained (p. 1121). Only two have actually been obtained, viz.- 
PS(OC-H*)*Cl and PS(OC®H‘)(SC*H*)Cl. They are heavy, pungent liquids iindistill- 
able or not comfjletely distillable without decomposition. They decompose slowly witli 
water, more quickly with alcoholic solutions of the alkalis, forming diuthylic chlorides 
of the diethylated acids ; and tho bodies of theso two classes act on one another iu 
such a manner as to form neutral pyrosulphophosphoric ethers : 

PS r(OC=n»)* 

PS(OC>H*)*Cl + PS(OC®H'‘)*OH *= Jo HCl. 

PS ((00*H^)=' 

3. Methtlic and Amylic OuTnosvLFHopHosPHoiiic Ethkrs (Kova- 
levsky, Ann, Ch, Thirm, cxix. 303). — Methyl alcohol is strongly attacked by phos- 
phorus pentasulphidc, and converted, with copious evolution of hydrogen sul^ido, 
into a viscid liquid, which is a solution of dimethyl-dimlph^hosphonc acid, 
PS(OCH*)»(SH), in trimethylic dmtfphophosphaic, PS(OCH*)*(SCII*) : 

6(CH*.O.H) + P*S» - PS(OCH«)»(SCIl») + PS(001I*)2(SH) + H*0 -h H=S 

The reaction mnst at first be moderated by cooling, afterwards promoted by heat, till 
all the phosphorus sulphide is dissolved. Trimcihylic disulphophoaphaUt, separated from 
the product by water, and dried under tho air-pump or in a current of air nt 40°, is a 
colourless, oily, fetid liquid, not solidifying at — 12°, slightly heavier than water. It 
decomposes at 160°, evolving fotid producte, but distils almost undeoomposed with 
aqueous vapoiir ; it dissolves easily in dilute alcohol, and in this solution is gradually 
inverted into dimetliyl phosphoric acid. When heated with alcohol it is resolved 
into dimethyl-monoBufphophosphoric acid and methyl-othyl sulphide, probably thus : 

PS(OCH>)»(SOH«) + C>H»OH - + PS{OCH*)»OH. 

With strong oulphurio oM it forms methylsulphuric acid and an oil separable by 
water, regarded by Kovalevsky ae a mixturo of methylic tetrasulphopyrophosphate, with 
an ether of the meta-eeries. With pho^horm pentachloride it yields, tog^er with 
ethyl chloride and phoephome oxychloride, a liquid compound — ^probably dimothylic 
oxydirolphocbloride, PI»00H*)(SCH*)01— resolved by alkalis into metallic chlorido 
and dimethylic disulphophosphato. With mercuric iodide the trimothylic ether forms a 
compoimd which crystallises in needles and reacts like tho corresponding e^yl-com* 
pound* 

JHmtihyl-dunlphophosphorie acid, PS(OCH*y(SlI), is obtained by digesting the 
watm liquid separated from the trimothylic ether just described with lead carlwi^l^ 
at 80^-40®, preeipatating tho filtrate with lead acetate. cxystBllising the wadisQ pW' 
cipitate iSrom ahsolnte alcohol, and decomposing the lead salt in alcoholic 

hydrin snll^ide. On' evaporating finally under the air-pump^ the dimoUg* 
latod odd remaifiS: as an acid, viscid liqind which decomposes below 100®. The saiw 
it forms with the alkalis and alimline mirths disiKdye easily in urater, imd a;^ 
hen prebared by treating tbe lead salt with alkaline snlphidsa. The diiMthyI-diB«^ 
phopubsphates of the heavy metals ore i(m«ii^precipH#,tM %hich cryetaHise^f^ 
ether, alcohol, or bensenok ' The had 

prisms an indi long, perimient ah> vaSd'mcHittg bjdo^^ l^ vThe ^ 
(piffy atoohoL 
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13(C!‘H".0.H) + 8PS» . PS(S0*1I")» + 5I>S(OC»H>')’(SH) + 3H»0 + H»S. 

wthcoldTOtor, the acid ether passes into solution 
vrlule the tnamyhc ether senates as a viscid yellow body. The latter is inso?ubS 
OTter, mixes with absolute alcohol, and docompoeea at 10^ oi when boiled S water 
Jhamj/l^vlpiaphoiphone aad, sedated from the aqueous solution in same 
inaniiOT as t^oprespondmg methyl-compouml, is an acid, colourless syrup, already 
miixed Ite salts reactlike tliosoof the diiethylic aciri. 

Jho load salt, PS(OC H ) SI b, melts below 70®, dissolves easily in absolute alcohol, 
and crystallises in small, four-sided rhombic plates, or in monociinic prisms. 

4. PyuosuLPHOPHOspHonic ETHKRs(Carius, Ann. Ch. Tharm. cxix. 298). 
These ethers .ire fomed : 1. By abstraction ofCOC^H*)^ from 2 mols. ofancuteil ortho- 
Bulphophosplionc ether, by the action of strong sulphuric acid, &c. (p. 1026). 2. By 
abstraction of the elements of a mcUllic oxide, 11^0 or Jl"0, frmn 2 mols of i 
salt of a dicthyhc acid of the ortho-serics, by the action of hydrogen sulphate on 
phosphorus oxychlondo (a very large excess of salt being used in tho latter case) : 

2PS(OC*H»)*(OB0 - R*0 - jo . 

PSi(OC*H'^)» 


3. By the action of tho diethylic chlorides of tho ortho-series on tho dicfchylic acids 
of tho same aeries, or on their salts, or neutral ethers, c.g . : 

PS f(OC“H»)» 

PS(SC«H»)«Cl + PS(OC*IP)*(SH) - Jo +HC1 

PS i(SC»H»)* 

Tetrethylio Diaulphopyrojihosphatet (PS)®(0C®II*)*0, is a colourless, nearly 
scentless oil, modoratoly soluble in water without decomposition ; it begins to boil, 
n-ith simultaneons decomposition, somewhat below IGO^. On distilling it with vapour 
of water, the greater part passes over undecomposod, while Uie remainder takes up the 
elements of woter, and is converted into diethyl-orthasulphophosphoric acid. Treaty 
with a quantity of alcoholic j^tash not suf&cient to decompose it completely, it is 
converts into potassitm triethyl’dmdphopyi^hosphate^ from which the free acid 
cannot bo separated without alteration, since at tho moment of separation it takes up 
tho elements of water. 


Trisulphopyrophoaphoric Bromotrietkylint P‘‘^(OC*H‘)*Br » 

^PS— S-wpS< .—This compound is formed when pyrophosphotic 

Hulphobromide (p. 068) is slowly poured into alcohol distilled from sodium. The 
resulting liquid when poured into water yicld.s a yellow oil consisting of the two ©there, 
FS»(OC®H*)*Br* and PS*(OC’H*)"Br. But on redissolving it in alcohol, leaving thn 
solution to stand for some time, and again pounng it into water, only the trietl^ijitcd 
body is obtained, the substitution of ethoxyl for bromine taking place with difficulty 

in presence of much hydrogen bromide. . , , 

The bromotriothylin is a yellow, transparent liquid having an ^ ?oo’ 

recalling however that of tho snlphobromido. Its specific gravity is 1-3667 at 1 9 . 
It canuot ho distilled without docomposition, and it fumes slightly in tho m*" 
exposure to it for some time. It i's slowly decomposed by water and a^eons aliaiiB, 
with Boparution of sulphur. Alcoholic solutions docompMo it 
mcrcaptan-lihfi bodies, phosphoric ncid, and bromide of the metal (Michaelis, Ann. LU. 
■PAffrw. clxiv. 9), 

Tctrathylie Tritulphopyrophoaphate, FS»(0C“H*)« - 
, js formod by the further action of alcohol , on the 

WWated bromldijMtdJS^cL ^ 

al«)hol, and the afW* being left/br «rte houM. at 40^md tben^ 

precipitated by watep. It » a wuth only partial 

t^rpentinei Sn. ». l-lSWl at 179®. It 6a&^ distilled with stea^^^ 
to 8^. 


Ppsed, yielding^ VUte i 
(MichaelifX 


. -4 
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J(OC*H»)* 


Eihvlic Thtrasulphopi/rophosphaie has not yet been obtained pure ; it appears to be 
n solid, easily fusible body (Carius). . 

Tetrethylic Pentasulphopprophcsphate, P*S»(OC®H*)=(SO*H*)*, is formed by 
the Mtion of strong siilj^huric acid on triothylic disulphorthophosphato (p. l'l20) 
j[Carlus). ^ It is also deposited during the drying of tho trisulpliopyrophosphorie ether 
just described, in smalt white crystals, and may be separated from the liquid by 
filtration through asbestos. It is obtained in much larger quantity by treating 
trisulphopyrbphosphoric sulphobromide at 40°, with aqueous instead of absolute 
alcohol, and most abundantly of all by tlie action of alcohol on the impure mot.aphos> 
phoric sulphobromide obtained in tho preparation of the pyrobromide (p. 063). In 
this case' there appears to be no action at first, but after some time tlio mixture 
becomes hot, the greater part of the metabromido disappears, and as the liquid cools, 
the tetrethylic pentasulphopyrophosphate separates out in large crystals (Michaolis)! 
It melts at 71*2°, and is especially distinguishod by the facility with which it may be 
oonverted into a salt of diethylsulphophosphoric acid (Carius) : 

. PS 

|S + 21PO = + 2PSJ 

PS((SC*H»)* (SH 

Theoretically, it should be suscoptible of two isomeric modifications, viz. : 

^PS— S— PS<7 and ^PS-S— PS<" 

C*H*0^ ^SC=IP 

6. Etutlic Mokosplfhomktapiiospuatu, PSJ^ , is formed by tho 
prolonged action of hydrogen sulphate on tetrethylic monosalphophosphate : ‘ 

P8(OC»H*)« + 2SO*(OU)> = H»0 + 

aOUrBOVnOVABXAaXO AOXO, C^H^SO' (X. Wielnnd, A»». Ch. Pham. 
civil. 84). This acid is formed by direct combination of the throe isomeric pyrocitric 
acids, with alkaline sulphites. When neutral potassium sulphite is boiled f^or 

several hours in moderately concentrated solution with itaconic acid, pobissium sulplio- 
pyiotartrato is formed, and may be obtained in tho form of a syrup by evaporation, or ns a 
gummy mass by precipitation with alcohol. Its solution gives pasty precipitates witli 
barium or leawl acetate, but is not precipitated by iron, copper, mercury, or zinc salts. 
With calcium chloride it gives a crystalline calcium eaU, (C^H^i:)0')'‘‘Ca* + 7IP0, which 
gives off 6 inols. water at 110°, another at 160°, becomos anhydrous at 180°, and de- 
composes between 100° and 200°. It dissolves easily in hot, sparinglv in cold water. 
By treating it witli sulphuric acid .and dilute alcohol, and evaporating the filtrate, 
Hulphopyrotortaric acid is obtained in indistinct crystals. By partially neutralising 
the acid with carbonate of potassium or ammonium, acid salts are obtained in nodular 
^^nps of crystals, easily soluble in water, less soluble in dilute alcohol, quite insoluble 
in strong alcohol. 

Citraconic and mesaconic acids treated with potassium sulphite yield sulpho-acids, 
which appear to be identical with that obtuiiiod from itaconic acid. 

•U&ra0»unr»0-vmic ACXB, C»1I«N«S0» (Nencki, Deut. Ohm. Ges. Btr. 
iv. 722 ; v. 451). This acid is obtained by heating a mixture of 2-3 gnns. sulplio- 
carbamide and the equivalent quantity of alloxan, with concentrated alcoholic solution 
of sulphurous anhydride in sealed tubes to 100° for about five hours. The product is 
^rifiod by repented treatment with concentrated ammonia to rompyo oiamil ; ^dissolu' 
tioh in caustic soda, rise of temperature being carefiillv avoided ; filtration ; precipitation 
with 'Volution of ammonium chloride, to remove suliihur ; and re^rystaliisation ffoni 
very concentrated hydrochloric, or better hydrobroinic acid, from which'^it Bcp^tes 
. on cooling in cbncenttic groups of slender needles. It is probably fonn^ soooraing 

+ NK«H' - N*C*0*SH* + a ‘ 

: Sn^lK^en^tffic Qcid i* inioliiUe in voter ud ammoniit, diSeoftly- Jidtibla 
hydix)«hloiie/but jhora readily in hydrobromic and suljpli^jii^ adds, bdng rppreapitatoa 
on the addition of water. All attempts to remove the ivQ^nv fr^ 
sucesssful. It is readily solublol n tho fixed alkalis, even In tKs^d ; % 

solution becoiiiLeB yoUenr; aim then contains the alknUile Salt eff | oov^ 

able from the ve^ dUuth solution by hyh^oeWorin Sddiin lio jrf 
• • ’ * 

.-and M: 


plates, 

of hydrate d snlpk^Mlld^^^ 
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acid, C*N®SO*H^ + 1| aq. The instability of this substance mders a determination 
of the water of crystallisation difficult. 

■\Vhen Bulphopseudo-uric acid is heated with twice its weight of strong sulphuric 
acid to 160®-! 60®. a Bmall quantity of sulphurous oxide is evolved, and urosul- 
pliinic acid, C®HWiSO%is formod— a weak monobasic acid, derived from snlpho- 
psoudo-uric acid by abstraction of Il-O, and intermediate in chemical character 
between uric acid and xanthine. If iho heating with sulphuric acid bo continued, and 
tho temperature raised to 200®, much sulphurous oxido is evolved, the yield of uro- 
sulphuric acid is but small, and iho solution w'hcn evaporated yields a new compound 
also containing sulphur. 


sirxiFHOSJkXiXcnzc acid, C’H*SO®. When pure salicylic acid is dissolved 
in ordinary sulphuric acid at a very little heat, and tho product is neutralised with 
ciilcium carbonate, filtered from g3’psum, precipitated by potassium wirbonato, 
decolorised by animul charcoal, and allowed to crystallise, prismatic crystals are 
obtained, which have tlio composition C’II*0*SK“ + 211*0, do not give off their water 
of crystallisation below 190°, and begin to decompose at 200®. The mother-liquors 
of this salt yield another salt wdiich crystallises in quadratic tables very different 
from tho x^risms of the former salt; it is much more soluble, and contains 
C'Ii‘0“iSK® + lill®0, the water of crystallisation being given off at 180®, and de- 
composition commencing at 190°, Neither salt is alter^ in character by further 
recr^’stallisation. Fused potassium hydrate does not act on these compounds so 
residily as on compounds which contain fewer substituted groups (Ira Kemseu, Zeitsehr, 
/'. Chem. vii. 296). 


S^(j]tPH08VCCZWZG ACID, O'H*S0\ According b Messel (Ann. Ch. Pharm. 
civil. 16), this acid, prepared by Fehling's mclliod (v. 627), is identical with sulpho- 
maU'ic and sulphofumaric acid (p. 1118). Its neutral potassium salt, C*H*K*SO», 
however, crystallises with SH-O. whereas the corresponding salts of the other two 
acids contain only I mol. water, Suljihoeuceinie acid is converted by fusion witli 
potash into fnijiaric acid, aud by boiling with potash, in tho first iustanco into malic 
acid (Strecker a. Mcssol, Acitschf* J» Clicm, |^2^, vi, 671)» 

BV&VBOTASnrZO AOIB, 0*=ir*S=0>», is formed by dehydration of sulphogiil- 
lolic acid, (p. 1119), and may bo obtained by gradually heating thecrado pro- 

duct of tho action of pyrosulphuric acid on pyrogallol with pho-sphorous chloride to 
100° in a flask with reversed condenser. Hydrochloric acid is then given off, and Oie. 
liquid, after 3 or 4 hours, solidifies to a violet gelatin, which dries up to wtoto flwks 
over sulphuric acid. Sulphotaiinic acid closely resembles tannic acid. By boiling 
with liy(frochloric wid it is convortect into 

does not cxhiWt the renctions of tannic ncid (Sschiff, Dent. Chm. Get. Her. v. B61). 

BUWBOraiUPBTBAUC AOn», C«mSO» - prepared by 

hosting torophthnlic acid to 200“ for six hours with strong 
barium talt, Obtained by pouring Uie 

eiren off rad^phthaUc acid is reproduced (Aechor, Am. Ui. 1 harm, tixi. 2). 
avWHOVO&mDni, C’H'BO'. Syn. with ToLUEUB-sutPBOsio Acm (j. *.) 

-CIP 

SirUBOTO&vm This compound, which 


^SO*. 
C»H'< 


Bevillo obtained by the (Sw^cUv! 1^* It crystal- 

3div. 306), lias been farther examin^ by Otto a. (^ber 

Uses from hot alcohol in in water, slighriy soluble in 

monoclinic prisms; melts at 166 L?® benzene cwbon sulphideiF: and 

alcohol and ethat, more soluble m decomposition*; is converted by 

^loroform. It volatilises in small quantities ^ . .J^ijigBolves wdliout de- 

heating with strong sujphimo add into ®ith a mixture of sulphuric and 

composition in fujmng nitnc ted ; and altered by strong alcoholic 

nitric acids, yields cryctxdlisable -blorine in sunshine it deliquesces to 

potash even at leoF Erpow th® day- 

au oily maas. chlorinated products not yet 

hght, at Its meli^ point, >t in a riwilM manner, 

cammed; y^ho^orni p«.t^ ^ 



1126 SULPHO-UREAS— SULPHUR. 

BVUBO-miBABt See Sulphocasbauides (p. 1115), 

BUXiVBOVAXiVRB&BaKTDBa See Valebaldeuydb. 

BVUBOBTJLlTTBIIAqirXBrOKZC ACIB, Ci«H”(0>}''(0H)(S0«H). See Ui 
SuppL p. 84, 

BIIXBBOXTAZO-ACDBi See Sulphazotised Acids (p. 111.1). 

BWBOBTBBBBOZG B.Cn, This acid, prepared hy the action 

ol sulphuric acid on pure o^cybeuzoic acid, yields, when fused ivith potash, protocatc- 
chaio acid (p. 431) and an isomeric acid less soluble than protoca technic acid, and 
forming laigo, compact, apparently quadratic crystals containing wter of crystallisa- 
tion m'liich is given oif at 140^. The acid molts at 189° and gives no coloured reuc- 
tioii with ferric chloride (Ira llcmsen, Zeitsehr,/. C/iein. [2], vii. 294). 

BUXBBIFB. Occurrence . — This clement has been detected spectroscopically la tho 
sun’s atmosphere by C. A. Young {Sill. Am. J. [3], iv. 3 )6). 

The presence of sulphur in Coal-gas may be exhibited by placing a platinum dish 
containing watxnr over a Bunsen burner, tho pvsirt of the surface on which the llanio im- 
pinges becoming coated with a greasy liquid in which sulphuric acid may be detected 
(Ulox, Jahreeh. / Cliem. 1871, 207). 

On sulphur in Pig-iron, see Ikok (pp. 694, 693). 

Extraction . — On tho oxtr.action of sulphur from sulphuretted ores by roasting, see 
Tessie du Motliay {JHnyl. jpo/. J. exeix. 221); llasencloyor a. Ilclbig {jhid. 284- 
Jahresb.f. Chem. 187 li 980). 

On tho recovery of sulphur ftom Soda-waste, see L. Mond {Dinyl. pol. J. ccii. 2GG ; 
«faArrs3. 1871f 1015); Stahlschmidt po/. J. cevi. 376; Jahresb. 1872, 977). 

Physical Eropertica . — On tho Spectrum of Sulphur vapour, seo Salot {Compt. 
ixxiii. 639; Chem. Soc. J, [2], ix. 1145; x. 382; jahreah. 1871, 165; 1872, 
141); Ditto (Cbwi^/. Ixxiii. 622; Chem. ^c. J. [2], ix. 1146; Jahresb. 1871, 
170); Gemez {Ompt. rend. Ixiv. 803 ; Chem. Soc. «/. [2], x. 282 ; Jahreab. 18^, 
139). 

On the Heat evolved in the combiimtiun of Sulphur with 0.xygenj see IIbat (pp. 608< 
613), with Hydrogen (p. 616). 

On tho Specific Heat of Sulphur dissolved in Carbon Bisulphide (p. 601). 

Modif icationa . — ^The properties of amorphous stilphur (v. 531) have been ex* 
aminod by E. Weber {Pog^. Ann. cxli. 432). Sulphur, scjiaratud from a solution ef 
1 pt. sodium thiosulphate lu 2^ to 3 pis. water at about 10°, by stirring with hydro- 
chloric acid, is, a short time after its preparation, almost entirely liquid. The liquid 
sulphur separated by pressure from a small solidified portion has the colour and con- 
sistence of yolk of egg, a specular surface, and a sp. gr. of 1'920, 1’927, 1'926. It 
solidifies after 24 hours, or sooner, and with evolution of heat, if heated to 100°. Tha 
liquid sulphur dissolves almost entirely in ciirbon sulphide, but tho sulphur left on 
evaporating the solvent contains a portion which no longer dissolves in tho carbon 
sulphide. Stirring tho liquid sulphur during solidification renders it partly ihsolublo 
in carbon sulphide, the undissolved portion sepiirating as an oily liquid which soon 
solidifies to a compact or pulverulent mass, accordingly as it has been left at rest or 
stirred during ^solidification. If tho sulphur, after being brought into a turpontinc* 
like consistence by stirring, be kneaded between the fingers, itbecomesveiyhoti brittle, 
and crystalline, and then contains a small proxiortion insolnblo in carbon snlphido. 
The same change is produced in the soft sulphur by diffusing it in a lionid. The sul- 
phur deposited in thin crusts after separation of the greater part of toe oily sulphur 
item, the odd solution of the sodium salt^ sometimes contains as much as 86 p. 0 i 
soluble sulphur. Weber regards these results as unfavourable to the suppMition tost 
the insoluble sutohur is an immediate product of decomposition of the tblosulphnnc 

add. in^Edid sulphur, separated in the manner above described, almost ^^Sys 
toins a smaU quantity of nydrogen persnlphide, which has some influence bn 
tenanee of the^uid state, 11^ that exerted, according to Diezenbachef (/nAresA; 1862, 
od ; 1866, 187); by snfall anantities of iodine; bromine, carbon^ organie matters, 6^ 
lufubd of I p.c. sulphur chloride, forms, ul’heh poured mto 

i^tev^ seft niass whi^^^ after a few days like oidinazy 

when heated in a mtd^bath. first becomes almost completely flmd add then soUmflss 

. . 'v]S,diave8 like 0rdwary 


to a ezTStamo^mw mil e 
soft suiphiir, 
htaining longer 
doughy, nm mnss whleh^ 

sduble liqura Iralphur, 

Snlj^us fused with | pA it 


SB. ‘men evoiuuon or neau. xn uiis iv 

a somewhat longer time for jb^ ti 
atdi' V: W%n sulphide i 

t whidi pbPy dissolves, leaving a rSildue of 


htttvdiljBrid 


>;eooTeiUid into i 
slowiy 600 ^ is 
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otlier^viso like that abovo describod. Weber's observations do not confirm tlie state- 
ment that crystalline sulpliur becomes amorphous in contact with acids, op the view 
advanced by Bertholot (v. fi30), that the sulphur which forms the electro-negative 
element of a compound separates therefrom in the soluble state, whereas that whicli 
forms tlio elMtro-positivo oleinont separates in the insoluble state. Sulphur separated 
from potassium polysnlpiiide by very dilute nitric acid was found by Weber to con- 
tJiin 86 p.c. soluble sulpliur ; that which was separated in like manner from hydrogen 
sulphide contained 74 p.c. insoluble sulphur. 

Oonvcrswii oj Octohedral isto Insduhle Sul^ihur by the action of Sunliyht . — ^Wlion 
sunlight concentrate^ by a lens is passed through a solution of sulphur in carbon 
sulphide containofl in a sealed vessel, there is formed at the point where the rays 
enter tho solution, a yellow spot of iusolublo sulphur which quickly increases, and at 
the same time tho intensity of the emergent light continiiaJly diminishes. Along the 
whole path of tho rays, and especially at the focus, the solution becomes turbid, iu 
cousoqucnco of tho separation of extremely lino particles of insoluble sulphur. In the 
spoctruiii of tho omcrgorit light, all tho rays between G- and 11 are wanting, as well as 
the whole of tho ultraviolet rays, whereas the part of tlie spectrum from A to G 
remains unaltored. It appe.ars, therefore, Unit tho chemical raj^s are absorbed and 
expended in molecular work (Lallemand, CompL rend. Ixx. 182). 

Bhio Sulphur . — It is well known that when sulphur is brouglit in contact with 
sulphuric anhydride in a certain proportion (1 : 10) a blue liquid is formed. Accord- 
ing to W. Stein {J. pr. Chem. [2], vi. 178), the colour is due to the circumstance that 
Ilio sulphur is difftised through the anhydride in a state of very fine division, and may 
. remain suspended in the liquid for weeks like gold-purple. That finely divided sulphur 
really has a blue colour may be shown by adding a small quantity of ferric clilorido to 
a recently prepirod solution of sulphydric acid, the liquid then appearing blue. It is 
only in transmitted light that the sulphur exhibits this blue colour, and tlie same is 
the case with tho blue compound of sulphuric anhydride. 

Sdubilit */. — iSulphur (in the form of flowers) does not dissolve in a solution of 
sodium carbonate (containing 6*6 p.c. Na*CO»), at 26®, but after ten hours* digestion 
at 100®, tho liquid contains 0*0676 p.c« sulphur (Pohl, Dingl, yd, J, cxcvii. 608). 

Linseed oU mixed with sulphur dissolves tho following quantities: 

Temperature 25® 60® 96® 130® 160® 

Suixmur p.c. dissolved 0*630 1*852 2*587 4*036 0*129 


Eeactio 7 is, 1. With Vapour of }Vater.^ According to J. Myers (Chwijjf. rswrf. tov. 
195), the action of steam on sulphur at high temperatures produces, not pratathiomc 
acid, as stated by Mulder (Jahresb. 1868, 84), but thiosulphunc acid. When steam 
is passed over boiling sulphur, a slightly acid distillate i.s obtiiincd, holding in ^spen- 
sioii sulphur, which may bo removed by agitation with white lead. The filterod 
solution is resolved at 30® into sulphuric acid and free sulphur, gives a blMk 
tato with mercurous nitrate, a precipitate of copper e^phide with enmo ^pta^ 
and decolorises iodine-solutions. As this property w not exhibited by tr*"* 
pontathionic acid, but only by sulphurous and thiosulphunc acids, ““f 
in tho distillate is resolved by heat into sulphurous acid 
thiosulphurio acid is established. That ^is acid 7 

solution is shown by the oxporimonts of H. Rose and ^ • ftouation- 

tion between sulphur and water- vapour takes place according to th eq 

8H*0 + 4 S = H»a«0» + 2 TPS. 

Myere alw finds that gases, dried by the ordimuy means 
sulphuric acid, phosphoric anhydride), when passM OTer bm mg s P ^ mmstuie. 
rise*^ to the for^luotrSf hydrof^Tsulphido. and 

He thence infbr^ that the aynthema of hydrogen sulptade tom ^ 

obscr^ hj many chemists, is reaUy due to the smi^ 

mains in ^sss, even after they hare been subje^d to the acUon or tne moB. puw 

desiccating agents UkiU, Ciem. Get, Scr. v, 26»>. - Afcthl Irvi. 

2. With AfttwwyitawKV. — A. B. v. Scl^tM etdnhOr ere introduced into 

70 : J<AnA. 1872!M8r tube near the sutfsce 
a baiometrie vaeunia (whit* is filW mlnhida Also when metenw 

of the mercury becomerdoatod with a blackened. 

unaltsTodfOt vs^e 
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The use of flowers of sulphur has boon recommonded fpr removing mercury-vapoiiT 
Trom the atmosphere of workshops in which glass mirrors are made. According to 
Blerget, howovor, sulphur is not, very efficacious for this purpose, and a bettor result 
is obtained by the use oithlouching ^xiwdor, a snuiU quantity ofVhich scattered about 
a room infected with mercury -vapours roinoA'cs the mercury in tho form of calomel 
[Diiigl. pol. J. cciv. 61 ; CAm. 8oc, J, [2], x, 923). 

3. On tho action of molted sulphur on an alloy of gold and si Ivor, see p. 676. 

4. On Carbo 7 i tetracUoridc. Tho resiction takes placo readily at 130°, according to 
the equation : 

CC1= + S> « 8*01= + CSC1= 

(Gustavson, Zeitsehr,/, CJicm. [2], vii. 418). 

Estimation of Sulphur . — Important observations on tho precipitation of sulphur 
as barium sulphate, in prescuce of various salts, have boon mado by R. Fresenius 
{Zeitschr. anal. Chem. ix. 62). llarium sulphate is not, as hitherto supposed, solublo 
in 4,300 pts. of water, but roqiiiros for solution more than 400,000 psirts. Tlio 
solubility is not poreeptibly increased by the presence of sodium chloride, potaesium 
chlorate, or barium nitrate, but hydrochloric acid produces a sensible increase. 
Sodium chloride, mixod^ willi the solution of a sulphate, does not give rise to any 
imimriiy in tho precipitation of tho sulphuric acid as barium sulphate, neillier is tho 
result in this case uflected by tho presence of more or loss hydroclilorie acid. Pobns- 
sium chlorate gives rise to great contamiimtioii, but tho precipitate, after ignition and 
cooling, may be completely purified by digr*.stion with hydrochloric aciil ; :is, however, 
barium sulphate is somewhat soluble in hydrochloric acid, the filtrates must bo 
evaporated down to determine the quantity of bmuum salt dis.^olvcd in them. In 
presence of potassium nitrate, or scxlinm nitrate, the precipitated barium sulphate is 
very impure, whether tho quantity of hydrochloric acid present, and of barium chlorido 
added, bo largo or small. Tho only way of purifying tho precipitate thus contamin- 
ated is to disintegrate it by fusion with sodium carbonate, and estimate the sulphuric 
acid in tho aqueous solution of the fused m.Hss. If it be desired to avoid this circuitous 
process, the original substanco must bo completely freed from nitric acid by repeated 
evaporation with pure hydrochloric acid, and the hydrochloric acid ulmost wholly 
driven off before proceeding to the precipitation with barium chloride. Sarium nitrate 
likewise gives rise to contamination, but the precipitate after ignition may be purified 
by digestion with hydrochloric acid ; rogaril must, howovor, bo had to the solubility 
of barium chlorido in hydrochloric acid. The purification of tho precipitated 
liariuhi sulphate by Stolba’s method (digestion with solution of cupric acetate con- 
taining free acetic acid, Jahresh. 1863, 669), is, according to Fresonius, not to be de- 
pended on. 

Vclivinttrio melltod . — On account of the difficulty of obtaining a jmro precipitate of 
barium sulpliato in presence of other salts, J. Denham Smith and E. F. Tescliemaclier 
(CAem. News. 61, 66, 171 ; CAem. Soc. J. [2], ix. 1086) have proposed a volu- 
metric method for the estimation of siilphur — in pyTites, for example. For this pur- 
pose they prepare n standard solution of barium chlorido, and determine its strongbli 
by allowing it to flow into boiling dilute sulphuric acid, and weighing the precipitate. 
When precipitated in this way the barium sulphate coutains scarcely any eblorine, 
whereas, if the pr^pitation be performed in tho contrary way, it always contains an 
appreciablo quantity of chlorine. Tho strength of the barium solution having been 
determined, the liquid to be tested is heated, and precipitated with it. till a flltoied 
sample is no longer closed by tho barium solution, the sample of liquid bein^ poured 
back after each experiment. The quantity of tho barium solution used gives the 
quantity of sulphuric acid in the liquid under oumination, ^ / , 

; Ol^inning a. Edger {fihtm. News. zxiv. 140) ard^ of opinion that in atqfiyin^ this 
method to the ei^ination of sdlphur in pyrites, errors may arise from the met that the 
precipiteted j^toh sulphate carries down with it a certain quantity of iron i^phste, 
and they ndSuee experiments tending to show that when this salt is washed oat of the 
precipitate 1^ water and hydroehlonc acid, the suli>hur in tlie washings repreeij^tat^ 
by branm chiorsde, a^^the small preqjntato of barium sulpliato thus ohtainedadW 
to the ^noipll tipi; qqnoordant molts may be obtained. ^ ' 

of the aanlysoB of four sajiiiples of mmUissr; 
26 grainy wm jmroftiUy^ and . precipitated by barium Sloride 

wav. ,The t^pitate^JBq!|^#qre loft in la warn plac^ 
and the banoabeidph^afai ,^^ water ani hydieMhh^o 

whole of thd of « little barium chloridor 

to diyneca, iuid inlphate obtained, amonntinjg^^hceidt^ 

0‘fl grain^O^ed to thb origltiU Which, after f^d 

mg, wiwo treated with f bout 600 g». of etrd^ flcidi 



SULP^ OHLORroBS. Ijoo 

stand for twolTO hours. Tho smill 

^rorad. and added to their respo!!tive p^pitates “«<« »ore 


No. 

Before treiifcment with HCI i 

Grs. BaSO* 

Grs. S 

t 

1 

83*12 

11-416 

2 

83-18 

11-423 

3 

83-30 

1 1 *440 

4 

83*23 

11-430 



After treatmont with HC'l 


Ora. EaSO^ 

8S'0S 

83'12 

83-23 


Oi-s. S 


11-411 
11-410 
1 ] -430 


I“^Ue.„aeher (a«. 


xxiv. 



gnseousprod«ete-o?;;;:i;;:eti„“;;"t^^^ 

taming an ammoniacal solution of cupric oxide \liich hkn. im fh« ’'■“ssols cou- 
sulphuric acids, and oxidises the formi?. ^S^cr’about two cul.IcCt n?! 
consumed, tho liquid is decanted into a beaker, the vessel riJs^dwitriaw’^h' 

Sdoridef'^ ’‘"'P'"'’- P>-OcipitaU.d ij;; tari«m“ 

t )n tho csldniation rfsnlphur in Coal and Coke, see Coat. (p. 347) : in Coid and Oroanir. 

fs'^re.r J- X. 1114; dX i? 

1872, 918). On its estiiii.-itiou in Pig-ipon, He (3 Ikon (p. 092). 

®®*®*™*® AWD OZTGBXiOMB&S OP, The oxisten^o 
chlorine-vis. : Sidphitr sidjJtodiMoHdv, 
SCl'-appeurs to l.e now 

pbiTOil beyond doubt by tlio recent researches of Huebner a. Guerout, Balscll a. Thorne . 
iina Micnaelis. ^ 

Thus Huebner a. Guerout {Zeittchr. f. Chem. 1870 [2], vi. 45S) find that, if pnro 
sulphur snlphodicUoride, S«01* (b.p. 136 5>’-137° uucor.), cooled by a good refrmer- 
atiiig mixture of ice and salt, is 8.aturatod with chlorine, and a current of carbonic 
anhydrido then passed throiigli tho liquid for suvoraL hours, a pnxluct is nbtiuucd 
having the composition required by the formula SCP, viz. : 30 r> p.c. of sulphur and 
69*3 p.c. of chlorine, the theoretical amounts being 31’07 and 08-93. Dalzell a. 
Thorpe {Phtl. Mag, 1871i 309 ; Jovr. Chem, Soc, [2], ix. 1163) have repeated this cx- 
pennient with precisely the same result, finding 69*25 and 69 06 p.c. of clilorino in 
tho products they obtained. 

Hichaelis {Ann, Ch, Pharm. clxx. 6) has since shown that wlieii sulplinr siilplio- 
uichlorido is saturated with chlorine at about —20°, tho amoiint of chlorine absorbed 
^rresponds with that required to form sulphur tetrachloride, and tho product uctually 
has the cdinposition SCI*. Thus 67*5 grams S*Cl* absorbed 106 grams of clilorino, 
the amount required by theory being 106*5 grams ; and taking the mean of two 
amlysos, the product contained 81*69 p.c. of chlorino and 18*41 p.c. of sulphur, tho 
theoretical numbers being 81*61 and 18*39. 

Michaolis has studied the. dissociation of sulphur dicliloriclo and sulphur tetra- 
chloride. The results whicJi ho obtained, together with the earlier observationa of 
Caring, which are denoted by a aire Include in the following tables : 



a 

s 

SOI* 

At -2a* 

81*61 ' 

81*59 

18-39 

V 18*41 

■--16 

74*21 

25*79 

'.‘■,—10 - 

72*89 V 

27*61 

*- a 

"" 71*^ 

70-89 J- 

28*33. 

29*61 

* or 

* o-z 

. sa . : "1 

8000 
' Sb-si 
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Diaaoeiation of ^j^hur DwUorido, 



cr 

B 

SCF 

68*13 

3113 

« 20 

67*80 

32*20 

30 

66*eS0 

33*20 

50 

64 83 

85-15 


63*44 

36*56 

85 

61*36 

38*64 

90 

56-85 

4315 

100 

55-70 

44*30 

no 

54-54 

45*45 

120 

53*41 

46*59 

130 

52*43 

47*57 

8*01* 

5259 

47-41 

. * 




From thcBO nuiribers the poroentago of ftiiti iSCl" existing in the mixtures at 
the various toinporatures is wvlculatctl by the aid of the forinula? : 

0-816U‘ + (100 - j:)0*6887 ^ 

0 C887ar + (100 - jp)0-6269 « A\ 

where x is the percenUgo of SCI* or SGF. and A and A^ the percentage of cliloriiie 
found at tlie various temperatures, thus : 


masociatioii of Sidphur Tetrachioride. 


Temp. 

Diff. 

-22® 
-15 
-10 
■ 7 

*r- 2 

* 07 

* 6*2 

7® 

6 

3 

5 

27 

5-6 


SCI* 

10000 

4l*9r> 

27'62 

21*97 

11*93 

8*87 

2*43 


SCI* 


0*00 

68*0o 

72*38 

7803 

88*07 

91*13 

97o7 


Piff. 


Increii"o 
tor 1° 




88*05 

13*32 

5*CG 

10*04 

3-06 

6*44 


8-3 

2*6 

1*9 

2*0 

1*1 

1*1 


JMaaocuitioM of Sulphur Divfdoridc. 


Temp. 

SCP 

ffCl* 

Dill, for 10° 

*20® 

93*43 

655 

6*23 

30 

87-22 

12-78 

6*41 

50 

76*41 

24-69 

5-79 

65 

66*78 

33*22 

6*36 

85 

64*06 

4594 

90 

26-48 

73-62 

’7-03 

100 

19*45 

80*55 

7*10 

no 

12*35 

87-66 

6-91 

*120 

6*44 

04*56 

6-44 

\l80 

0*00 

100*00 


Calculated 


6-00 

12*19 

24*57 

33*85 

46*13 

73*52 

80*53 

87-54 

94*55 


ihloride, tJi»t tli* increMW of deooiBpoMUon is cpni^ for equal doya teyi of t w, 

mSS lieWeen 20?.to4 it siiddsnljr rises Tew qracUy lieU^^^ 

Ld 00®, trhi^ teBUiperatute to 180® at tokes at the 

Buuie of thie phiiioiiiiiioin has not lill^n aeoectuned: The ^iree of toe distocm . 

u • 0‘Qt9«.<$ r 
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tlie ro^^ral^ng inlxtnre is rauored find displaced by ice, and sulphuric anhydride 
rlistillocl into the chlorido, the cnrront of chlorino liein^ maintaiiiod, an action ttikos 
place, only towards wie close of which sulphurous anhydride is cvolvoi Tho product 
is a misturo of sulphurous (thionyl) and pyrt^ulphuric chlorides, formed in virtue of 
tho reaction represented hy tho equation : 

sci< + 2so» = soa- + s o*cp. 

That tho action docs not take place in tlio following manner : 

2SC12 + 4SO> = SOCl* + S»O^Cl* + 330*; 
that is to say, that it is not the result of the reactions : 

SGI* + «0« = SOCl* + SO*, 

SOCl* + 2S0* = S*0»G1* + SO-, 


is proved by tho fact, that sulphurous anhydride is evolved in small quantity only, and 
quite towards tho end of the operation, and that the quantities of sulphurous and 
pyrosulphuric chlorides which are formed are in accordance with the first equation 
above given. Tho complete conversion of tho S*C1* into SCIV under these circum- 
Btancos, is easily comprehended, although when saturated with chlorine at 0^ it only 
contains about 9 p.c. of SGl^, becauso as fast as this latter is acted upon by tho 
anhydride, a ftesh quantity is formed by the action of the chlorine, and tlius ultimately 
the whole of tho S*C1* becomes SCI*. 

Pure sulphur tetrachloride is acted upon by sulphuric anhydride in the following 
manner : 

SCI* + SO* « SOCl* + Cl* + SO*, 


which expbiins tho evolution of sulphurous anhydrido above spoken of; a small 
quantity of pyrosulphuric chloride is also produced by the action of the anhydride on 
tho sulphurous chlorido. Sulphuric chlorhydrate has a similar action at 0®, and 
liighor temperatures, hydrochloric acid being also evolved ; but at tem;Mjpaturt>8 below 
0° a solid bofly of tho composition S»0*CI* is produced (p. 1132). Sulphur tetra- 
chloride has no action on sulphurous anhydride. 

On warming a mixture of sulphur sulphodichloride and sulphuric chlorhydrate, tho 
following reaction occurs : 

S*Cl» + 6S0*HC1 « S*0»CP + 6S0* + fillCl. 


By heating phosphorous chloride with sulphur sulphodichloride to 160°, phosphoric 
chlorido and phosphoric sulphochlorido are produced : 

3PC1* + S*C1* - PCI* + 2PSCI*. 

These two substances may bo easily separated by distillation, and the TCnetion 
.affords a convenient method of preparing pure phosphoric sulphochlorido (juicUaolis, 
^itschr. f. Ckem. [ 2 \ yiu 162 ). , , • l ^ 

Sulphur sulphodichloride acts readily upon aniline: sulphur js separated, ana 
aniline hydrochloride and a resinous substance are obtained ; the latter aijpoRrs to bo 
a mixture of several colouring matters, tlie composition of which ““ ' 

Ima a««rtaiD.ri (Clau*. J. /r. Cfcm. [2]. iji. 256). Wb™ sulphur sulph^.el^ 
is added to a solution of aniline in carbon bisulphide, the following roacti 
4C*H’N + S*C1* + CS* « C'*H**N*S + 2C*H®NC1 + 3S. 

If more than 1 mol. of sulphur chloride >» 
verted into phenyl isosulphoCTanate (phenylic mnstard-od) and trip y g 
hydrochloride, thus (Claus a Krall, iliid. 240) : 

aC»H<*N*S + S*Cl* « C*H*NS + C*®H‘*N*Cl + HCl + 3 S, ^ 

the reaction bring pwdsely .imilai to thafvrhirii 'Horinonn has riiotw to ocenh with 
io^ne. - 

' OxYCHLOElOKfl OF StTLPKUB. 

tetoMhlorule ; , ^ ^ ^ ^ ^ 


SO*. 


It is easi], 
is formed,” 
this waya 



, ilvlplMirto OSiloride, flO*Gl». ' Wjc chlciide 

failed io obtain this ^ fv We), but be 

anhydride, aulpburie cbloriiydrate, and M sulphate (v. 070;, ouv 


j of pjrocbloride which 
icatss may he obtained iu 


succeeded in 
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It IS producocl by boating sulphuric anhydrido with boron chloride in soalod tubes 
lo 120® for eight hours (OustavHOU, JOeut. Chtm. Cra. 2?er. vi. 9): 

2BC1* + 4SO» =- 3S03C1* + H»0».S0». 

Oiistavson did not succeed, however, in obtaining sulphuric bromido by employing 
boron bromido; tlio products in this case wuro sulphurous anhydride, brotnino, and 
tliu compound of boric and sulphuric anhydrides. 

Sulphurous chloride may ho prepar'd by passing a mixture of sulphurous anhy- 
dride and chlorine ovor purified charcoal, or into glacial acetic acid. In the lattiT 
case, it is separated from the acid by distillation. 

Sulphurous chloride is grudually sictcd upon by phosphoric chloride at tlio ordinnry 
temperature (Michael is): 

so=ci^ + PGi» = SOC 12 + Gi- + rocp. 

Bonzeno is not attacked by sulphurous clilorido even at the boiling point of the 
mixture, but on heating in sealed tubes to 150® tho following reaction occurs: 

G®i[« + soh:t- cwci -*• iioi + S0“. 


Similarly, phenol is converted irib) mouochloroplionol. but tho action takes place 
readily at ordinary temperatures (Dubois, Zeitschr.f. Chcui. [2], ii. 706). 


Vyrofulphurlo Chloride, S=O^Gl* or C10=S- 0— S0*G1. This comi^und is pro- 
duced on warming together phosphoric chlorido and sulphuric anhydride : 


POP + 2SO» . S*0»CP + POOP; 


nnd by tho action of phosphoric chloride on sulphuric chlorhydratc (Michiielis, Zeiischr, 
/. Chem. [2], vii. 149): 

PCI* + 2]o?r^ - 

It is also formed by tho action of sulphuric anhydride on sulphur sulphodiehloride and 
sulphur totrnchloride (Michaclis), and on silicon tetrachloride (Gustavson), and by 
boating sulphuric anhydride with phosphoric oxychloride to ICO® (Michaclis): 

6SO* -I- 2PC1*0 * 3S20»C1® + FO». 

^Pyrosulphuric chloride is a colourless, oily liquid of sp. gr. P819 at 18®, boiling 
nt 146® (coiT.) (Michaclis). In contact with water it decomposes slowly and 
noiselessly, and is thus distinguished from sulphuric chlorhydratc, wliich is rapidly 
decomposed with aLmo.st explosive violence when thrown into W'ater. When heated 
above its boiling point, it is resolved into chlorine and siilpliupous and sulphuric 
anhydrides (Armstrong, I*roc. Hoy. 8uc. xviii. 511): 

S=0»C1* = SO» + SO> + Cl®. 


When submitted to the action of phosphoric chlorido, it furnishes chlorine, sulphurous 
auhydride, and phosphoric oxychloride (Armstrong ; Micliaolis) : 

S®0®S1» + PC1» = POCl® + 2SO® + 2C1®, 

The hydrocarbons of the benzene series and their derivatives, the phenols, &e., 
readily acted upon by pyrosulphuric chloride ; the mode of action is ropresonted by 
the following general equations : 

<!)• ®liw + " ^°ici + “"o- 

®llo‘»Cl + 8BH - SO'jg' + 80>{^' + H'O + HCl. 

(8), o|80*a + - so* + Cl* + KB0*H 


Chlcnrine, Iiowever, awais l^ver to be evolved as such, but produces chlorinaJJ^ 
isomponnds ; ^ehol, for example, A mixture of ^lorophendl and chl<tfojpK®>l®jj 
flulpWie acids. The cJitebtJiQ VfikE&^o r^ioni^above formidntcd occur 
to yaiy with the conditions of oxbiMdweit and ^ nature of the substance actod^apw- 
Bensene, for yields alt irMUt with the^^te^ 

dib«jihobewei»(|.t^^^ reide^tfid by ths Jwt equatiouXAmwong 

a. ^ke, . 

ir&idi l^jhe Mtion of moirt chtooM ^ 

of S 4^. o£«f^pb^dtkirii 7 dnvto 
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and the cumnt of cWorino conSnned nnril th„ ^T. “ ‘ “ «>W8en.Ung raUtiiK,, 

IS fncihtotod by frequent shaking Tho l^ccomes colourless. This 

rent of dry carbonic anhydride ?nd fhA i . ^ »s fcl>on tlisphwed by a cur- 

lx,tble8. Any required quantiVof a Wards transferred to stoppered 

coloured yellow ^wlww P’*”’ ” 'uwally 

in appearance. It d^S, vJSlU 1 ^ phosphoric chloride 

and hydrochloric acids befne nrodiicwl Li? « ®^U>liurou.s sulphuric, 

and^tcri.omplo,c.l.tw®eC:t:lu3;L*"^^^^^ “ >nixturf of ici 

S*0*CI< + 4H»0 » S0*IP + so»H» + 4HC1. 

Sinasr ^ 

4S*0>Cl^ - S*0»C1* + 5S0CP + 2C1* + SO*. 

I?® in scaled tubes, into a yellow liquid ; this boils at 

73 , and appears to bo a mixture of sulphurous and sulphuric chlorides : 

S*0*C1* = S0*C1* + SOCl* 

.Sulphuric acid decomposes sulphur oxytotrachloride as follows : 

.S»0*CH + 2SO<H* « 3SO»HCl + SO* + HCl. 

Sulphur oxytctrachlorido acts most violently upon carbon bisulphide : 

7S*0*0l* + 6C.S* « 3C0CI* + 200 + 6S0* + 7S=C1* + 4S0C1* 

Alcohol also acts violently upon the chloride, ethyl chloride and siilphizrous acid beiaff 
^jvoivoci, but the nature of the remaining products has not been ascertained. 

Salpburlo Cblorbydratev S0*HC1 « product obtained by the 

artion of 1 mol. phosphoric clilorido on 1 mol. sulphuric acid is a mixture of pyrosul- 
pnuric chloride and sulphuric chlorhydrato. Pure sulphuric chlorhyrlrnto can be ob- 
tained by using the proportions recommended by Williams (Is/ Sn/f/jl. 1009), and by 
the action of phosphoric oxychloride on sulphuric acid : 

2POC1* + 4S0*(0H)* = 4S0*(0H)01 + 3P0*II + 2II01. 

Also by warming a mixture of phosphorous chloride and sulphuric acid (Michaelis, 

/. Ckem. [2], vii. l.-JO) : 

3SO*(Ofl)* + 2PC1* - SO*(OH)Cl + 2S0* + 6HC1 + P*0\ 

It is advanta^ously prepared by slowly adding 1 mob of phosphorous chloride to 3 
mols. sulphuric through which a current of diy chlorine is passed ; the llask contain- 
o J? the acid should be surrounded by cold water (Michaelis, A«». Ch. Pharm, clxx. 
^4). 

Sulphuric chlorhydrato is a colourless liquid, of sp. gr. 1-776 at 18°; it boils at 

158-4 (copr.)(Michielis). 


aoe^ u. ix. 17a ; ovieiB. 
place as represented by . the following equations 

S0*.CI1.01t +^ R'H w HCl 

S0*C1.0H + BIT -.•S'.S0»*C1 '+ H*0 
S0»C1.0H + 2^11 *i^’ll'.SO*.B' 


H*0 + HCl. 



of th# two 
E. A. 
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svuiilm. OXIBS8- jur» ovtobit-jloibb or. i. anipiiwoiif 

OztdOv JLoldt aod Balts; .On Uio tfnsion of Bulphnrous oxide at different tem- 
peratures, and its deviation froiu Boyle's law, see Gasks (p. 547). 

On its reaction with phosphoroiia cMoride^ see pp. 959, 960. 

On its combination with tricalGio phoaphatCt see Phosphates (p. 971); also Chem. 
Soe. J. [2], X. 39. 

The action of sulphurous acid on certain metals has been studied by P. Schweizer 
(Cheni. Abtiis, xxiii. 293). With zinc the products are hyposulphurous and trithionic 
iteids and zinc sulphite, with separation of sulphur (compare Isd SuppL 1063). With 
cadmium the products are sulphate, thiosulphate, dithionate, and sulphide, together 
with free sulphuric acid and sulphur: 

2Cd + 3SO* - CdSO* + CdS*0» (or CdO.SW) 

2S-0* + 3SO* = 2SW + 3S 

Cd + S « CdS 

CdSO* + S * CdS + SO» 

According to the last equation, sulphur in the n-ascont state should have the power 
of converting cadmium sulphite into cadmium sulphide and sulphuric anhydride. The 
tiction on nickel is similar, tlie first products being sulphite and thiosulph<’itc of nickel, 
witli a little free sulphur, afterwards sulphide and sulphate. Oii aluminium nt ordi- 
nary temperatures and on magnesium at higher temperatures, sulphurous acid acts 
according to the following independent equations : 

IVIg -H H®0 + SO* =» MgSO» -I- H* 

2Mg + 3SO* » MgSO* + MgS=0* 

4Mg + 7SO* » MgSO^ + lVIgS«0« + MgS*0».MgO. 

On the action of sulphurous acid on ^tinic chloride, see Piatintim (p. 986). 

On the use of sulphurous acid in Bleaching, soe F. Frosenius {Chem. Cenir. 1871, 
174; Chem. Soc. J. [2], ix. 452); in the Sugar manufacture; F. Schulze {DingLpol-. 
J, ce. 231 ; Jahresh.f. Chem. 1871» 1082); in Brewing: Beanos {Dingl. poL J. exevi. 
268 ; Jahresb, 1870, 1209). 

Metallic Sulphites. Sponiancoua Decomposition, — C. Saint Fierro {Coinpt. 

Ixii. 460 ; Ixxiii. 740) iluaa that a dilute solution of acid potassium sulpliito 
(prepared by treating 30 grams of car1x)nate with sulphurous acid, and diluting 
to 200 C.C.), heated in sealed tubes to 100°, and then left to ilsolf for a long time (4 
years), is resolved into sulphate, trithionic acid, and free sulphur : 

lOKHSO* * 6K»SO* + 2S + 4H*0. 

A solution of acid lead sulphite kept for somewhat more than a year in scaled tubes 
at the atmospheric temperaturo was found to be completely decoihposed, the whole of 
the lead being precipitited ns sulphate, tc^ther with a little sulphur, while the solu- 
tion contained free sulphuric acid, and another acid which gave a precipitate when 
warned with a solution of cupric sulphate. From a solution of acid barium sidphite 
. enclosed in sealed gloss tubes, the whole of the barium was precipitated as sulphate 
^ after 10-12 hours heatii^ in the water-bath. The solution still contained sulphurous 
acid^" together with sulphuric acid, and an acid which formed black precipitates with 
mercury and silver salts. Liquid sulphurous oxide and thq concentrated aqueous tola- 
tion enclosed in glass tubes underwent no alteration either when heated in the water- 
bath for a month, or when kept at the atmospheric temperatnre for three yesr» 
(Saint Fierro, Compt. rend, Ixxiv. 62). At 170°-200°, however, aqueous sulphurous 
acid is resolved into sulphuric acid and free sulphur (Geitner, Ann, Ch, Dharm, czxiv. 
128; exxix. 350; «7<i6fvs6. 1862, 69; 1864, 140). 4 

Copper Sulphites,— ■Hksae salts have been examined IjN. Svenssen {DmU Chm* 
Oes^Iler, iv. 713). The ordinary red salt is, as stated by Bammelsbcrg, a cuprow- 
! enj^e -snlpbito, Cti*SO".Cu^* -t- 6H*0. The simple enprons sulphite, * 

^ described by Bdgojski (v. 644), Svonseon was unable to obtom. T)io fSoUoerlDg double 
-.'ifalts . 

3S?SO« . Cu’SO* . 4KHS0» + 6aq. 

iwao* . cu?so» . 

3 +' 

ITrfSO; ; . OirtW + ilSi; 

»NaW0‘ . «Cta*SO* » 8 m; ^ 

tsime . On’S©* + 19lq/ ^ 

-VCaWO* 
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Indium Sulphite, 2ln*0*. 3SO* + 8H*0 (p. 669). * 

Accorcling to G. Archbold (Pharm. J. Trans. [3], ii.844). 
the Balt obtained by passing sulphurous oxide into water in which magnesium carbon- 
ate IS BUBpendcd, crystallises in tetrsihedrons, 1ms the composition Mg(SO“)“ + GH’O, 
and gives off all its water at 100® (compare v. 640 and Gtnelin^s Handbook, iii, 235). 

On tlio Sulphites of Platinum-bases, see pp. 993, 995, 996. 

Potaesium 8%ilphite . — On the sponUneoiis decomposition of ncid potassium 
sulphite, seep. 1134. 

The a<^ion of potassium sulphite on compounds containing the group CCl* has been 
studied by Hathke {Ann. Ch. Pharm. clxi. 140). 1. When trichloroformcnesulphonio 

chloride, CCl*.SO*CJ, is treated irith a solution of neutral solution of potassium sul- 
phite, the mixture becomes hot, sulphurous oxide is given off, andtlie following rejiction 
takes place : 

C01*.S0*Cl + IPO + IPSO* =s HCl + K=SO* + CCl».SO=II. 

Tlie easily decomposed potassium salt of the ncid CCl*.SO*H, formed on neutralisa- 
tion, cannot be separated out, but the presence of the acid is demonstrated by its peculiar 
penetrating odour, and by the immediate precipitation of trichlorosiilphonic chloride 
on passing chlorine through the mixture. On boiling the solution of tho potassium 
salt, it is converted into Kolbe’s dichloroformencsiilphonate of potassium : 

CCl>.SO*K + n*0 = HCl + CHCl*.SO»K. 


Potassium irichloroformenesulphonate, CCl*.SO*K, mixed in solution with potassium 
sulphite, is first converted into the dichloroformonesulplionatc, thus : 


CCl*.SO*K + H*0 + K*SO* - HCl + K*SO« + CHC1».S0*K. 


and then at temperatures above 100° into potassium formenedisulphonate(mcthionate), 
some potassium dithionate being also formed. 

2. ChloTopicrin, CCl*NO*, digested at a gentlo heat with a solution of pobissium 
sulphite, soon dissolves, producing potassium nitroformenodisulphquate, 
CH(NO*)^SO*K)^ This salt dissolves easily in hot, slowly in cold water; crystallises 
in spheroidal groups of microscopic plates, bears a tolerably high temperature without 
change, but detonates ratlier smartly at a stronger heat ; gives precipitates with 
baryta-water and basic lead acetate, nose witli barium chloride, neutral lead acetate, 
silver nitrate, or mercurous nitrate. 

3. Tho reactions of potassium sulphito witli trichloracetic acid and chloral hydrate 
Imre already been described (pp. 10, 309). 

Silver Sulphites. — Tho following doublo sulphites of silver hare been prepared 
by Svenssen (£c. dt ^ : 


Na*SO» . Ag-SO* + 4aq. 

(NH*)*SO* . Ag»SO» 

8(NH*)*SO» . Ag*SO» + 4[(NH^)HSO*] + 18 aq. 

6(NH«)*SO* . AgSO* + 19 aq. 


Sodium Sulphites. — ^According to Schultz-Sellack(*7’.pr. 6Aew.’[2],ii.459), neutral 
sodium sulphite, Ha*SO\ crystallises with 7 mols, H*0; the decn-hydratod salt 
described by Musprattfv. 560), Schults-Sellack was unable to obtain. A supersaturated 
solution likewise yields the salt Na*SO* -f- 7H*0. Sodium sulphite has, like the 
sulphate, a maximum of solubility, and separates from warm solutions in tho anliydrous 
state, as observed by Xtammelsbeig. Tliis anhydrous salt is perfectly unalterable in 
tho air, and when moistenid With water cakes together, and is converted into the 
hydrate. JBVom a solution containing a laxge excess of caustic soda it Mpnrates by 
evaporation in a vacuum at ordinary temperatures, in somewhat more distinct crystals. 
The anhikrosii^hUe, Na*SO*.SO», formed by supereaturating a concentrated solution 
of sodium carbonate with sulphurous acid, crystallises on cooling, and gradually gives 
off sulphurous oxide on exposure to the air. 

n. Snlpbnrte Odd*, Asid, and Oxidk .op As- 

htdbis^ so*. Tba ezirtenca dT two aodiflcahona of tins body, BP»t notitcd by 
Mnrignac (t. 560) hM boon oontatted by Sdmlti-SeUwk (Agy. A»n. cxmib. 480). 

“-i9Wj»ittrfo(Mf4f»;f(»n,^«»cooUMtboUq!«Wl,o:ttd«,«>Hdiflo»*t+16 >?'™8Wl0ttriciis 

^«ni8 wbwh melt at tteiama tMWKatate; at 

*00 mm. tt-Suhhuio wiit is irtteoed from tba o-modiflcation at ^petatutes Moj 
26». abota l7»WteajXpiSMniow noti go on. It forma ®=*toemely ftim w^ 
teaq^tarss Bbtfn 60® it 5^naUy 

modifldUim; at fampopatiiiXa It g^ually fiwms ,j, 
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.A ▼acuuni, at 20^, have a tension of 30-40^ mm. The vapour, both of the solid and of 
the liquid oxide, exhibits the norhial density, \nz. 2*74 to 2*76 (calc, for SO* a* 2*76). 
The liquid oxide under^^ies very gfreat expansion by heat, its mean coefficient of ex- 
pansion between 25® and 46® being 0*0027 for 1®, that is to sny, more than two-thuds 
us great as that of gases. The two niodihcations also differ greatly in their relations 
to solvents. Jjiquid sulphuric oxide mixes in all proportions with hydrogen snlphnfo, 
lI"SO^ ; the jS-oxide dissolves in sulphuric acid with extreme slowness, and gradually 
separntes from a mixture of 10 pts. SO* and 1-2 pts. With a larger pro- 

portion of the acid, no solid oxide separates, oven on cooling to a low temperature ; if 
the proportion of acid, amounts to 6 pts. for 10 pts. of oxide, the mixture 

may deposit crystals of pyroaulphuric acid, or IPSO^.SO*. 

Liquid sulphuric oxide likewise mixes in all proportions with sulphurous oxide ; if 
tho latter is in excess, the mixture does. not deposit anything solid, even when cooled 
to a low temperature. A mixture of equal parts of tho two deposits on cooling 
jS-sulphuric oxide, which rodissolves at orclinary temperatures; if, on tho other hand, 
tho sulphuric oxide is in excess, part of tho mixture solidifies even at ordinary tempera- 
tures. Sulphuric and sulphurous oxides do not appear to form a definite compound, 
us supposed by II. lloso {Pogg. Ann. xxxix. 173); neverlhcless, tho oxistcnCic of a strong 
.attraction between them may bo inferred from the raising of tho boiling point of tho 
mixture. A mixture of the two oxides in equal parts boils at + 6®. 

Carlmi Sulphido mixes perfectly with liquid sulphuric oxido at 30® ; at lo® cacli of 
theso liquids takes up only about -J of tho other. A mixture of the two in equal parfs 
boils at 34®. They act chemically on one another, csspecially in presence of .simill 
quantities of sulphuric acid, the mixture after a while depositing a brown viscid 
mass. (Compare \st. Suppl. p. 1067.) 



Reactions . — Selenium exposed to the vapour of sulphuric oxido at ordinary tempera- 
tures is converted, first into a pasty mass, then into a yellow granular powder, SeSO* 
which, when gently heated, gives off sulphurous oxido and leaves selenium ; itdissolves 
with yellow colour in sulphuric acid, tho selenium being precipitated on dilution witli 
water. Tellurium is almost completely oxidised by sulphuric oxide even at ordinary 
temperatures. Iodine oxpo.sod to tho vapour of sulphuric oxide forms laminar crystals 
having nearly tho composition FSO*. Partial oxidation takes place, however, perhaps 
to periodic acid, aud sulphurous oxide is evolved. 

On the reaction of sulphuric oxido with phosphorous chloride^ see p. 960. 

Tho cMorides of the alkalUmetals oxpo.sed to the long-continued action of sulphuric 
oxido vapour are converted into griinulo-crystallino masses, having tho composition 
Na01(SO*)* and KCl(SO*)*. With silver chloride^ a compound is formed having nearly 
the composition AgCl(SO»)<. Barium chloride yields tho compound BaCi“(S0’)^ 
which, when heated, first gives off SO*, then chlorine and SO'-*, leaving barium sulpliatc. 

Sulphuric oxitle is likewise absorbed b^ metallic fiwmdes^ bromides^ and imidcs^ 
but in tho two latter cases with decomposition, and separation of bromine or iodine. 
Mercuric eganide absorbs sulphuric oxide, but likowiso with partial decomposition. 
J’otassiitm nitrite appears to form with it the compound KNOSO*, which, however, is 
more cosily obtainocl by tho action of liq^uid sulphurous oxido on potassium nitrate, 
with careful exclusion of water. The action of sulphuric oxido on saltpetre does not 
yield any compound analogous to the lead-chamber crystals, HNO*SO*. 

When vapour of sulphuric oxide is passed slowly and witli frequent notation into 
strong nitric acid well cooled by water or ice, a thickish oily mass is obtained, whicli 
at a certain degree of concentration either deposits crystals or crjjrstollises alt^thcr. 
On dissolving this crystalline product in gently wanned dilute nitric acid, and drain- 
ing the crystals which separate on cooling on a porous tile, they are obtained tolow- 
less and dry. Their analysis gives numbers leading to the empincal 
48()*.N*0*.8H*0 ; whence may be deduced the rational rormuln, N*0*.SO* + ‘ 

The crystals are very deliquescent, and decompose when heated, giving off , 
fames and yielding a sublimate which exhibits the properties of tho compoun 
N*0*.SO* (R. Weber, Ann. cxliii. 602). 

On.BorufAnhgdrosSpnate,befi'BofLOv{y^20S). 


Action of Wetter on the Jjead-Chamber Bammelsbeig 

ir, 310) reports axporimonts by Philipp, from whidi it appears that theproducts or tn 
reactiort are riilpogon dioxide, nitrio acid and nitrous acid: The crystals 
11*02 p.t!. nitrogen; the decomposition by water gars 11’76 p.e.; 
iioxido, 1*66 as nftric acid, and 7*64 as nitrons acid. ^ The nitrogen dio%i<m ano nim 
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Ob the nt^phmio oxid6 and fui»ittg sul^kurie acid with bai-ie oxide, see 

j30BON (p* divafo 

Sulphwc Acid, ^SO\ Occurrence in Nature.^ln several localities near 
the Qulf of Mexico, small fltapant pools of water are found containing free sulphuric 
acid (1‘0Z9 grim in a litre). These waters likewise contain a largo qiiantitv of 
aluminium Bulphate, together with iron sulphate, and most of them give off bubbles of 
hydrogen sulphide, marsh gas, and carbon dioxide. A petroleum spring occurs in the 
neighbourhood (J. W. Mallet, Chem. Atftcs, xxvi. 117). 

On tho Formation of Sulphuric acid in the Animal body, see E, SalkowskI (Deui 
Chem. Gea, Ser. v. 637 ; Chem, Soc, i7. [2], x. 1033). ^ 

Manv/actura . — On tho Preparation of Sulphuric acid by the Boasting of Sulphuretted 
ores, see Hasenclovor a. Hclbig {JDingl. poL j. exeix. 284; Chem, Centr, 1871. 267* 
Jahre»b.J\ Chem. 1871, 981). ' 

On the Concentration of Sulphuric acid, Stoddart {Chem. Newst xxiii. 167 ; JHngl. cc. 
419; Jahreah. 101(^; Bode {Dingl. cci. 45; Chem. JVJnsj?, xxiv. 82; Jahresh. 1871, 
1010); Qalletly {Chem. News, xxiv. 106; Dingh cci. 638; Jahresh. 1871, 1010); 
Hasonclevor Chem. Ges. Jler. v. 502; Dhigf.. ccv. 125; Jahresh. 1872, 973; 

Chem, News, xxvi. 174 ; Chem. Soc. J, [2], x. 929) ; Do Hemptinno {Dingl. ccv. 419; 
pcvi. 155; Jahresh. 1872, 973). 

On the recovery of Nitrous acid in Sulphuric acid works by the use of Glover's 
Towers, see G. Lunge (DiiwZ. cci. 341 ; ccii. 632; Chnn. Centr. 1871, 618; Jahresh. 
1871, 1011, 1014); F. Bode {Oingl. ccii. 448 ; Jahreah. 1871, 1013 ; Chem. Soc. J. [2], 
X. 1013). 

'Thermic Belationa , — On tho Specific Heat of Sulphuric acid and Sulphates in solu- 
tion, see Heat (pp. 697, 599, 601). 

On tho Density and Expansibility of the same solutions, p. 603. 

On tho Heat of Formation of Sulphuric acid and the otlier Oxygen^acids of Sulphur, 
pp. 609-811. 

On the Heat of Combination of Sulphuric acid with Bases : Thomsen ( IsiS Suppl. 683, 
684, 1086); also Andrews {Chem. Soc. J. [2], vhi. 432; Jahresh. 1870, 129); 
Bertliolot (pp. 628-631 of this volume). 

On the Heat of Combination of Sulphuric acid with Water, see p. C33 of this volume ; 
also Thomsen {Ceut. Chem. Gea. Ber. iii. 496; Jahresh. 1870, 127-129). 

Elrctrolgaia. — According to H. Highton {Chem. News, xxvi. 117), when dilute 
sulphuric acid is electrolysed, with zinc for the positive and charcoal for the negative 
electrode, hydrogen sulphide is evolved at the latter. That this gas does not proceed 
from pyrites mixed with the carbon is shown by tho fact that its evolution ceases as 
soon as tho circuit is broken. 

On the Beduction of Sulphuric acid to Hydrogen Sulphide by tlie action of Nascent 
Hydrogen, see p. 658. 

On the action of Sulphurio acid on Alcohol and Ether at high temperatures, see 
Ethyi. Alcohol (p. 473^ 

Metallic Sulphates. — On the Decomposition (dissociation) of sulphates in 
solution, see Chemical Action (pp. 292-304). On tho Heat evolved or absorbed in 
their dissolution in water, pp. 292-298. On tho Contraction nttouding dissolution, 
pp. 298-304. On the Freezing of sulphate solutions, p. 1070. 

On the Electrolysis of sulphates, p. 460. 

Antimonioua Sulphate, Sb*(SO«)*. is obtained by e^rating a rolution of 
antimonious oxide in m^erately concentrated sulphuric acid, in long noodles Mving 
a silky lustre. It is permanent in dry air, is decomposed by water, and mves on sul- 
phuric oxide at a red heat (Schultz-Sellack, Beat. Chem. Ges. Ber. iv. 13)* 

Barium Sulphate, BaSO*.— H. Struve {Zeitschr. anal. Chem ix. 34) corfobMates 
the fhet obseireS by Schulte-SoUack {1st Buppl. 107(^1 073)' th*t 

BbSO* . . . 6-69]^ . • • • 

Sr80» . w . . e-68 . . . • 

OaSO* . . . .8-08 . . • • *®J' 

PbSO* .... 018 . . • r 




1 water and hydrochlorio add, and: on its 
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Bismuth Sulphates , — Aceoiding to Schultz-Sollack {Ikut, Chem. Gee, Ber, iv. 
13), the normal Balt, Bi’(SO*)*, ia easuy obtained by evaporating a solution of bismuth 
oxide in moderately strong sulphuric acid, and forms slender noodles 'which may be 
heated nearly to redness without decomposition. According to A. Leist, on tlio other 
hand (Ann. Ch, Pharjn. clx. 20), the salt formed by dissolving bismuth oxide in sul- 
phuric acid is not a neutral, but a mixture of^ an acid salt, £i^O*.4SO* + 71PO (or 
+ 9H*0, according to the concentration of the sulphuric acid, from which the salt has 
crystallised) « BiH(SO<)» + 3H*0. with a basic salt, Bi=0>.2S0» + 2H»0. agreeing with 
Heintz's sesquibasic sulphate (v. 684), excepting that it contains 1 mol. water less. 
The acid salt is obtained by dissolving bismuth oxide in moderately dilute sulphuric 
acid (1 pt. H*SO* to 2 or 3 pts. H*0), rodissolving the basic salt which separates in a 
large quantity of sulphuric acid (about 1 pound of strong sulphuric acid to 16 grams 
of bismuth oxide), then filtering and evaxxirutiug. The acid salt then separates in 
long shining needles which may bo freed from mother-liquor by spreading them on a 
tile and pressing them between bibulous paper. It is insoluble in water, but dissolvos 
in acids, ospecifdly in hydrochloric and nitric acids. When 'washed for several days 
with hot water, and then carefully dried by pressure for a week between bibulous 
paper, it was converted into a salt having the composition 4Bi^O*,3SO’' + 1611-0, 
The basio satt, Bi*0*.2S0* + 211*0, is obtained by dissolving bismuth oxide in sul- 
phuric acid diluted as above, filtering from separated salt, and evaporating. The 
crystals are likewise needle-shaped, but not so long as those of the acid salt (Leist). 

Cadmium Sulphate , — This salt, subjected for several hours to the action of a 
stream of ammonia gas, falls to powder and is converted into the ammonio-salt, 
CdS0*.6NIP, the ammonia in which exhibits tho following tensions : 

Temperature 48-5° 615® 100® 100® 100® 100® 100® 100® 

Tension in) 

millimeters \ 368 439 1374 1364 1366 1364 1361 1365 

of mercury j 

The compound left after heating to 100° is Cd90*.2NIP. These ammonia-compounds, 
like all others of tho same class in the pulverulent form, absorb ammonia mechani- 
cally like charcoal, the tension of tho gas at an^ given temperature being variable up 
to the point at which tho salt retains only combined ammonia (Isambort, Compt. rend, 
Ixx. 456). Compare let Suppl, p. 426. 

Cerium Sulphates. Soo Cbbittm (p. 276). 

Glucinum Sulphate, GSO^ + 4U*0, crystallises in thequadratic system. Axes 
a : c S3 1 : 0'0461. Observed forms, 011 (110), or X’oo • odF. Bp. gr. of the crystals 
n 1'725 (Topsoe, Wien. Acad. Ber, [2 abth.] Ixvi. 6). 


Gold Sulphates (p. 676). 


Iron Sulphates. — H. Bhcinock (Bingl. pol. J. ccii. 268; Chsm. Soc, J. [2], x. 
226) infers from experiments of his own that ammonio-ferrous sulphato and potussio- 
ferrous sulphate crystallise, not with 6 mole, water, as commonly supposed, but with 
5 mols. According to £. Fleischer, on tho other hand (J. pr, Chem, [2], v. 437 i 
Ch&m, Soo, J. [2], X. 1079), the ammonio-ferrous salt has the formula commonly 
asBignod to it, vii,: Fe(NH*h30*)* + 6H*0. 

Lead Sulphate, FbSO*. — On tho solubility of this salt in strong sulphuric acid, 
aoe p. 1137. On its solubility in various salts of organic acids in presence of alcohol, 
see F. H. Storer (Chem, News, xxi. 17 ; Jahresb. 1870, 366). 


Hiaanesium Sulphates. — Anmonium-magnesium sulphate, (J , 

+ 6H*0, hap been found by O. Popp (Ann, Ch. Pharm., Suppl.^ viii. 1) in the bono 
acid lagunes of Tuscany, especially in those at Basso and Acquaviva, which are poorest 
in boric acid. In tie salt from Aese two localities, not purified by recrystallisatton, 
the magnesia is replaced in variable proportions by manganous and ferrous oxidos, 
and lime appears also to bo present as an amorphous constituent. The mother-liquors 
which rmain after the crySttillisation of the boric acid contain small quantities ol 
'Dotassium-maenesinm sulphato. Popp designates all the isomorphous double sm- 

' * J— — Kd ^ ^0fbollte8. 

deposits, 
• feths 

quautity of water not sufficient to dissolve it completely, l^ves a residue of 
potassium sulphate, while the solution deposits first the double salt above 
and then the Mlt Ii?SO*.’2MgiSO* -l- 14li*0. The mother-liquor decanted 
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The following o^ystalliiatioiu eoniitt chiefly of potaenam.niagneeinm clllorid^ and 
iho last mother-liquors contain almost pure magnesium chlorido. 

Moljfhdenum 8ulphateg,—2fewtral molybdic sulyhaie, (MoO)®SO*, separates, 
according to Schultsfi-Sellnck {Lent. Chem. Ges. Bar, ir. 13), from a solution of the 
trioxide in moderately strong sulphuric ncid, in colouplesa shining crystals which 
deliquesce on exposure to tho air, and turn Lluo in consequence of the reducing action 
of particles of dust. When ho/ited they easily deconmose, and give off sulphuric oxide. 
Tho aqueous solution dries up to a horny mass. The salt, Mo'-(SO*)*, described by 
Anderson (v. 606), Schultz-Solhick was unable to obtain. 

Blatinum Sulphates^ Ammoniaoal (pp. 994-1003). 

Potassium Sulphate, JpSO<.— II. Griineborg {Chem, Centr, 1870, 623) prepares 
this salt decomposing nativo potassium-magnesium sulphate (schdnite) with potas- 
sium chloride. The reaction would proceed according to the equation ; 

MgKs(SO<)2 + 3KC1 « 2K®SO* + KCl.MgCl*, 


were it not that the cnrnallito (or miignesium chloride) produced interferes with the 
complete action of the salts on one another. Tho saturated solution (27° il.) of 2 mols. 
schduito is added at tho boiling heat to 3 mols. of finely powdered crystallised potas- 
sium chlorido. T'he latter is quickly converted into sulphate, but as. soon as. the tem- 
perature of tho solution falls below 40°, chloride of potissium again separates out. To 
prevent this, the lye must bo decanted from tho pobissium sulphate while at 40°. On 
evaporating this liquid, potassium sulphato crysiiillisos out first, then schonite, and 
lastly carnal] ito. The potassium sulphate may bo easily brought to 95 p.c. by centri- 
fugalising and covering it witli a small quantity of water. 

Schdnite may also bo decomposed by macerating it several times with a cold satu- 
ratod solution of puro potassium chloride (21° B.) 

To purify tho crude commercial potassium sulphate {plats sulphate ofpotash\ which 
usually has tho composition 3K-SO^Na*SO< (vi. 609), Sonsbidt {Che/m, News, xxvi. 
195) boils tho aqueous solution with potassium chloride. Tho hot solution on cooling 
deposits pure chlorido of potassium, tho sodium chlorido romaining dissolved. This 
* plate sulphato * does not appear to bo a true double salt, as its composition is not con- 
stant. A wcll-crystallised sample was found by J. Mahony {Und, xiii. 217) to con- 
tain 77’60 p.c. (calc. 78-56). 

On tho reaction of potassium sulphate wiGi gypsum, see p. 689. 


Silver Sulphate,-^On the reactions of this salt with iodoform, chloracetie acid, 
chlorobenffoic add, and ethyl iodide, soo Kfimmerer {Petit, Chem, Ges, Bar, iv, 210 ; 
Jahresh, 1871* 654 ; Chem, Soo, J, [2], 552). 

Sodium Sulphate, Na*SO^---6Vys#a«/saimM.--'AccopdingtoSchultz-SBllock(j:|^. 
Chem. [2J, ii. 469) a section of this Kilt mixed with a large quantity of caustic soda 
deposits it at ordinary temperatures in the anhydrous state. , w 

Tho spontaneous crystallisation of sodium sulphato from supersatumted solutions 
has been studied by De Coppet {Bull, Soc. Chitn. [2], xvii. 146-155). His exponmoi^ 
confirm the statement of Lo6wel(v. 613), that the crj’stallising temperature of the 
hoptuhydrato, Na*SO<.7lI*0, is for the most part higher as tho solution is more con- 
centrated; there is. however, no definite relation between the coneentration and the 
depression of tlie crystallising point below the temperature of normal saturation, ior 
a solution of given strength the crystallising point may vary by ^ 

cording to existing observation, the lowering of the crystalliBing ^ 

to at least 7“, ani mostly to aboot 120 for solnUons containing from 20 to 36 pta. 
nnhydrons salt to 100 pts. water. With regarf to the 

drato, Na^SOMOIFO, De Ooppet infers from his oipOTments “ h'Sh^ who 

tlie solution is quickly cooled. The presence 

perceptible influence on the crystallising temperatiue ’ crvstallisa^ 

once of concentration is likewise almost impereeptible. At all events, ^e "y^"^ 
tioTi of the docahydrate does not always take place exactly at -8 to -7 , m sto^ oy 
Violotte and Baumhauer. Thepoint at which ^me^ 

any definite law^ The first crystal forms sometimes on • solution crys- 

tmies at tho surllce or in the interior of the liquid. In general a sa j 

tallises moro readily the larger its quantity. ^ aolntions (m. 1068-1071) 

From his numerous observations on the freezing of , Tomlinson (Proo, 

Dc Coppet infs»^ tiie • new hydrate ' of sodium sulphsto «d b^^msou 1^ 

^oy. $ 00 . XT. 109 ; Chem. Soc, J, 12]» nothing but a mixtmra 

Violotte (6tudea aur la ^siaUisation, aodiim sulphate is at 

of ice ana the hydrate, 7^- ^ wKu/salt. on. 

preecnt known in flour states, vis.; tw Jnodiflci^ns tM ^ 

•opMating and the other dwre #*“. »nd *e two hydro*.# wim t » 

• 4-B2. 
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H*0 rend. Ixxiii. 1324; Chem, Nms, «iii. 266 ; xxv. 102; €hem. 8oe. J. [2], 

jn. 284, 465\ See also Liversidge {Proc. Roi/. 8oc. xx. 497-507). 

On tho Heat, and Density, and Eaepansion-coefficient of aqueous sodium sul- 

phate, see HxikT (pp. 599, 601, 603). 

Strontium Sulphate, CrSO\— On the solubility of this salt in sulphuric acUl, 
seep. 1137. 

ITrentum Normal uranic sulphate, (UO«)"SO\ [U = 240], separates 

6q evaporation from solution in strong sulphuric acid, in honey-yellow, non-fluorosccnt 
crystals. It is not decomposed at a low rod heat. It dissolvos abundantly, though 
slowly, in water, and gradually absorbs water from the air. By dissolving it in not 
Quite concentrated sulphuric acid aud slowly evaporating tho solution in an opnn 
dish at 200°, an acid sulphate, H*(UO*))(SO^)*, analogous in composition to the loud- 
chamber crystals, is obtained in fluorescent crystals of a fine yollow-groon colour, 
which quickly deliquesce on exposure to the air. On mixing tho solution of the 
normal sulphate in strong sulphuric acid with liquid sulphuric anhydride, the anhy- 
drosulphato, (UO*)SO^SO*, separates gradually in small yellow crystals. On heating 
tho solution the salt separates ‘immediately, but it is then genonilly mixed with tho 
ordinary acid salt. It hisses when thrown into water (Schultz-Sellack, Deut. Chm 
Gee. Ber. ir. 13), 


Anliydroralplmrio Acid, 

Nordhausen Sulphuric acid (v. 574).— Several salts of this acid 


III. Dtanlplmrio, PTrosnlptaiurle, 

SO»(OH) 

H«S‘0» » i 

io*(OH) 

have been examined by Schultz-Sellack (Deut. Chem. Gee. Ber. iv. 109). Tlio 
acid itself is easily obtained of definite composition by mixing sulphuric acid with tlio 
liquid anhydride, using a slight excess of the latter, and spreading tho resulting 
c^stals under a boll-jar over not quite concentrated sulpluirio acid, which then takes 
up the excess of tho anhydride. If the mixture contains a large excess of the anhy- 
dndo, it remains fluid fora long time, and on cooling yields a deposit partly consisting 
of the i5-anhydrido (p. 1136). Tho dry crystals molt at 36®, and exhibit no vapour- 
tension. The acid mixes with sulphurous anhydride, which can then be expelled only 
by prolonged boiling. , , , « *• 

Tho pvroBulphates of potassium and sodium have boon known for some time 

(v. 608, 612). Tho neutral potaeaium salt. K*S’'P^ prepared by tlioaction of sulphuric 
anhydride on tho heated normal sulphate, molts, according to Jacquelain, at 210 , 
according to Schultz-Sellack at 300°, and cannot be rccrystallisod. By dissolving it 
in strong, fuming sulphuric acid, it is converted into hydropoiassic pyr^pUU, 
yUft apT, which crystallises in transparent prisms molting at 168°. The salts, 
Na*S^O^, and BaS*0’, prepared like tho potassium salt, form colourless 

crystals. Tho barium salt hisses when thrown into water ; it does not melt when 
heated, but decomposes at an incipient red heat (Schultz-Sellack). 

Potassium pyrosulphate in fine powder, boated with an alcoholic solution of potas- 
sium Bulphydrate, yields a cousiderablo quantity of potassium thiosulphate: 
SO»(OK) 




Fyrosnl 




+ 2KBH - + SO»^^ + H«. 

Sulphate Thiosul- 
phate 


!> 


The aime salt, hmled with alcoholic sodium ethylate, yields potaisium elhyl- 
imlphate : 

SO*(OK) 

+ C*H*ONa - SO*gf^ + SO*g§Bv 

feO‘(OK) 

irhieh noy pnhfipa b« 
80»-0-S0^-0(X.0) 

i 


ilo«-()-r«ov-o(^yv 
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sej^atos from a Bolution of arsoniouB oxide in fuming sulphuric acid, in slender 

shining needles, which are decomposed by water. The corresponding 

pound, first obtained by Poligot (y. 684), may bo prepared in a similar manner 

(SchulbE-Sollaok). 

IV. XodOBttlpburic Acid, H>SO>P (p. 684). 

V. Tblosnlphurio Acid, 

esmmined by E. A. Letts {Che'm, Soe, J, [2], viii. 424), who infers that they do 
not contain hydrogen .is an essential constituent. He finds that the sodium salt, 
Na*S*0*.6H*0, gives off the whole of its water at 100®, or in a vacuum over sulphuric 
acid; whereas, according to P,ipo (lai Sup^. 1073), a temperature of Hi 5® is rociuired 
to expel the last molecule of water. The barium salt crystallises with only one 
molecule of water, which is likewise expelled at 100°. The lead salt, PbS’O", is 
anhydrous, as previously shown by Pape. The strontium salt .ippears to contain 
6 mols. water, four of which are given off at 100° ; whereas at 200° only 4 mol. H“0 
is expelled: hence Letts infers that the formuhi of the salt is ‘dSrS'^O^.lOlPO, and that 
only 9 mols. of the water can bo driven off witliout decomposition. .The magnesium 
salt, MgS*0*.6H*0, gives off only 3 mols. water at 100°, the other tliroe appearing to 
bo retained till decomposition begins. The thiosulphates of cobalt and nichel contain 
G mols. water, and ore easily decomposed. 

Lead thiosulphate (1 mol.), treate<l with pliosphonis pentachloride, yields, together 
with lead chloride, hydrogen chloride and sulphurous oxide, a distillate containing 
thionyl chloride, SOCP, phosphorus oxychloride, and probably also phosphoriw 
Bulphocliloride. Tlio re.ictioii begins spontaneously, but requires heat to complete it 
(J. y. Buchanan, Dcut, Chem. Ges, Bcr. iii. 485). 

VI. Sltblonlo Aoid« On tlie crystalline form of lead thionatc, see Brozina 
{Jakrbiich. f. Mineralogie, iv. 642). 

VII. Trltliloiilo Acldf H*S*0*. Ammonium trithionate is formed, with evolution 
of hydrogen sulphide and ammonia, by the action ofamraonium sulphate on manganous 
sulphido : 

Mn8 + 2(NH^)»SO^ « (NHO'S’O* + MriO + 2NH* + IPO. 

Tlio hvdroffon sulphido probably results from the decomposition of part of the 
trithionate : « 280^ + (NH*)2S. (F. Muck, Chem, Ges, Itr. 

Vutassium Scfcuio-lnthionaic, Jv=SeS-0«, forms monoclinic crystals cxliibiting the 
faces cop, coP«, + P, + Poo, oP. Angle ool> : «P' ^ 

» 142° 6'; + F ; + P « 98° 22 (B. Batlikc, J. pr. Chem. [2] i. 33). 

VIII. Tetratbionlo Aoid, H'S^O*. When a mixed solution of a thiosulpliate 
.lud iodato is treated with an acid, tetrathionato and iodato are produced, as shown by 
the equation : 

eNa*S»0* + KIO* + 8I1C1 = SNa'S'O* + KI + 

6Na-S*0* + KIO* + 2C‘'H"0' =■ 3Na*S*0* + KI + 2C•H*^a 0 +3110. 

BVPEXVBOSraATBS, ABAXiTSXS OFt Soe Phosphatbs (p. 970). 
SVPXBSATIIAATaB BOEUWOBBe Soe Salikk Soltjtioss (p. 1070). 
SintFAOB^BBrBZOB OP MQUIPB- See CAniJiAliiTT (p. 247). 

feTttCTnrOK. Th# prickly comfroy (& Th« nUntuSSSi 

IB cnltivated in gome parts of Iroland as food for xhe 

is easily propsgatedV cuttings from the root, and yiel^ JlSi, bee2 

ordinary pttHkico is about 30 tons per acre, 3ii poveral 
reached. Analysis of plants grown in Oxfordshire gave the followi t ■ 

^ ^ Natural state Dried at 100« 

Water .... 00-66 


Oil and chlorophyll . • • 

jSolilble nitrogenous compounds . 
Insoluble nitrogenous compounds 
Gum, mucilage, and a little sugar 
Woody fibre . . • 

Soluble miiieral matters . 
Inaoluhlo luinoral matters . 


Total aitEOgeu 


0-20 

l-io 

1-62 

1-28 

S-30 

1-25 

0-69 

100-00 
, 0-434 


100-00 

4*66 
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Judging f^m its compositioDi the plant will have about the same feeding value as 
green mustard, turnip-tops, 'or Italian rye-grass grown on irrigated land (A. Voelckor, 
Jbtfrn. Boy. Ayr. Soe. [2], vii. 387). 

smANTBlfcOSSi A sugar isomeric with cane-sugar, occurring, 

together with inulin, in the tuber-bearing Compotita (see Suoabs (p. 1109). 

SraO&mTB* Potasslo-calcic sulphate from the salt-bods of Kalusz in Qalicia, 
Zepharovich {Jahrh. f. Min, 1872, 636) gave the name gyngenite to a minoral of 
this composition, which he supposed to be rhombic, and J. Iturapf {Min. Milth, 1872, 
120) designated a monoclinic mineral of the same composition as kduaeiie, Sub- 
sequent investigation {ibid, 1873, 88, 638) having shown, liowevor, that both minerals 
are monoclinic, and identical in form and composition with artificially prepared 
potassio-calcic sulphate, K^'SO'.CaSO^ + the name kalussite has been dropped. 

The first four of the following analyses (made on specimens originally called 
kaluszite) are by Ullik {Min, Mitth, 1872, 120), the fifth by 0. Volker («7aAr6./. Min, 
1873, 88). No. VI. gives the values calculated from the formula above given : 



I. 

II. 

ni. 

IV. 

V. 

VI. (CBIC.) 

OiO 

. 17*24 

17*09 

16*67 

16*62 

16*97 

17-06 

MgO 

. — 

— 

— 

— 

0*16 

— 

K^'O 

. 28-67 

28*63 

28-40 

28*72 

28*03 

28-70 

SO*. 

. — 

48*63 

48*33 

48-35 

40-04 

48-75 

H*0 

. 6-60 

6*46 

6-46 

6-45 

5-81 

6*48 

Sp. gr. . 

. 

• 2*63 to 2*66 


22-5 



The axial elements are : 

Clinodiagonol Orthodiagonal Princiiml axis 

1-3801 : 1 : 0-8667 Aumpf 

1*3600 : 1 : 0-8738 Zepharovich. 

Angle of inclined axes 76° 9' (Bumpf) ; 76° 0' (Zepharovich). 


T 


TACBYZiYTB. On the tachylyte and dolerito of the Sababerg in Hesse, see 
OOLERITB (p. 439). 

TADJBBZTa. The name given by Mounior to the rock composing the meteorite 
which fell at Tadj^ra, near Setif, on June 0, 1867. On the blaqh colouring matter of 
this rock, sec Mounior {Compt. rend, Ixii. 393 ; Chem, Soc, J. [2\ ix. 320). On the 
conversion of seipentino into to^jerite : Compt, rend, Ixxii. 641 \ Chem, Soe, J, [2], ix. 
606. 

TAZiCOBCTBi A mineral from Victoria, where it occurs in thin laminar vei^ 
tmversing sclwynite. It feels like talc, lias a silver-white colour, wildi a tinge of 
green or yellow and a nacreous lustre. The lamine are flexible and unelastic. Before 
the blow-pipe it becomes quite white, exfoliates, gives off water, ;and melts to a 
blistered enamel. Hardness « 1 ; at right angles to the lamination, m 1*6 to 2*Q. 
Sp. gr. 2-46 to 2-6 (Ulrich. SUl, Am. J. [2], 1. .272). 0. Newbory found, as the 
mean of two analyses, 49*04 p.c. SiO*, 46'98 Al*0*, and 4*80 H*0, with traoW w 
diromic, ferrous, and manganous oxides. 

T AIIIMECTBt This name is proposed by Crookes for a mineral of unknown 
analysed by H. Tamm (Chem. JVetw, xxvi. 13). It has a apod& gravity of 8^ 
contains 88*06 p.c. tungsten, 6*60 iron, 0*16 manganese, and 6*20 undetenikiaw 
stance, said to contain nei^er oxygen nor sulphur. 

VAmnnr, (Spirgntl., m. dx. 452}./ A 

substance resembling convcilVuliu, existing in Tam^^ Map. The tuberi ^ 
exhausted with water, the lesm is extracted witli alcohol, pyirified by 
water, and dmlorised in aiot^lio solution wiUi animal charcoal. 
bIa^I and in cthB, and wh tzaated with strong boiw takeiii iip 'aH*Qr ^ 
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vertod into tampicic acid, This acid is amorphous, hygroscopic, 

solnhle in water and in alcohol ; neutral lend acetate and mercuric chloride, ad 
its solution, produce white clouds ; basic load acetate, a bulky precipitate. 

Tampicin is resolved, by digestion with dilute acids, into sugar and tampicolicacid, 
QKiQa^O*, which crystallises in slender needles, melts when heated to a faintly 
yellowish liquid, forms soluble salts with alkalis, insoluble salts with the earths aud 
heavy metallic oxides. 

The medicinal action of tunpicin resembles that of convolvulin. 

TAlWXC ACID and TASnrXir. The nature aud constitution of tannic 
acid from nut-galls (gallotaniiic acid) have been invMtigatod by H. vScliifl’ {Deut, 
CJtem. Ges, JJer. iv. 231, 967; further, SitU. Soc. i|2], xviii. 23). ^ There is no 

doubt that crude tannic acid contains glucose, and that this substance is not merely 
iiioclianically rotoined in it ; the percontago of sugar, however, has been very variously 
estimated by different observers, and it has been found possible, by appropriate treat-^ 
ment, to reduce the amount to a small percontago, the tannic acid thus purified 
exhibiting precisely the same properties as before, It has, therefora, long been a 
matter of dispute whether tsuinic acid was to be considered as a glucoside or not. The 
following experiments throw important light on the subject. 

Wcll-puriflcd crystJilliscd tannic acid, dried at 110®, was mixed with phosphorus 
oxyclilondo to the consistoiico of an emulsion, aud the mixture heated, first at 100®, 
affc( 5 rwai*ds at 120®, wlieroupon much hydrochloric acid was evolved, and the tannic 
acid was finally converted into a yellow powder which was washed several times by 
dccantJition with dry ether, and the residue, freed from ether by gentle warming, was 
dissolved in a small quantity of water. At the end of twelve hours a crystallisation 
of unchanged tannic acid (about 10 per cent) was obtained. •On saturating the yellow- 
rod mother-liquor with salt, the whole solidified ; and on the addition of more salt, 
the precipitate caked together to a resinou-s mass, from which the greater part of the 
salt-solution could bo poured off. After twice washing with salt-solution, the resinous 
cake was dried in a vacuum, dissolved in absolute alcohol, and a considomble vmume 
of ether was fld<lcd to the solution, which was then filtered; after distilhug off the 
ether, the mass was dried in a vacuum. The varnish-liko slightly coloured residue 
thus obUinod exhibits the reactions, ^lubility, ph>;sical properties taste &c.. 
characteristic of tannic acid. It is the first tannic acid which. IXted 

nerfecUi/ free from straar. By heating with hydrochloric acid it was cnitrefy converh-d 
mto cr^telliio gaUic acid, aL this again into tannic acid. 
tionsgavo 61-7 to 62-3 per cent. C, and 3-4 to 4-1 m-r 

formula which is that of an anhydndo of digallu. acid .0 HO H 

•* 0“I1*"0* The tannic acid thus prepared is convertal, by the achon of a 7 
dnWinto an acetyl-dorivatiro winch Schiff formerly suw^ to ho 
add. ’whence he we led to reganl tannic acid as nn“^hohc anhydride of digallic 
acid containing four OH group*, and lopresentod hy the formula . 

(COOH 

C'ffSoH 




OH 

OOOII 


Subsequent experiments, howoTor, have molcc^ of tannic 

is reaUy a pontacetyltannic acid, whence it fouowt^t™^ 

acid muiit coitainjive Kydxoxyh and must be represented by the formula. 

TTrtN 


C«H« 


COOH 
HO 
HO 
lo 


HO 

HO 

110 

-CO 


C-H* 


which is that of an etheratod anhydride of digallic , - eft.), by 

BUocto Aold. C’‘HK)*.— Thm acid is formed, according to Grie smay ( 
the action of iodine on tannic acid : 

0i4j£ioo* + I* • 2H1 + C^*H*0*i 

It is also formed in small quantity to acid is boiled with 

add, or of the pentachlori* on Ju^ Vir (Schiff) : moreover, as 

magnesia and wten and tha produrt la 

obslrved by L5we, when tannic acid w heated „™o, 

2CW 4- Aa-O* - Aa*^-,f^."Ji“«Ution to iannio 
EUagio add dried at HO® be* ^ compceiUon OHO, 
acid may be rejpimnied aa follows 
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CO.OH 

OH 

OH 


lOH 

Tannio acid 


fCO.OH, 

\0 \ 
(TO) 

8 h 

lOH 

fiUagic acid 


'XlUIUlU uviu — 

Air-driod ellagic acid, C**H*0» + H;*0, loses its water at 100®, hwt re-absorbs it 
from moist air. When it is tested to 200®-210®. tlio compound C'^H-O" is obtained, 
and this compound does not recover its water from moist air, but ebullition with 
water slowly reconverts it into ellagic acid. Cons^uontly it is an anliydiuue of cllagic 
add, and may be represented by one of the following formula): — 

I. II- 

CO.OH (CO 

1 O'HMg” 

!° fco i| 


The action of acetic anhydrido on ellagic acid (dried at 100°) gives rise to tho 
formation of Ulracetyl-dlagie anhydride. This compound forms a yellow crystalliiio 
nowder, slightly soluhlo in water, alcohol or ether, and dissolving in snlphnrie acid 
^rith the plsinrtion of a yellow colour. Its constitution may, perhaps, bo represented 
by the formuLa : 

fCO 

0C*H«0 
1 00*H*0 
lO-( 
rco ( 

iwvs. OC*H“0 
00*H»0 
lO 

Wataval Tannin. The above investigations prove that natiiral tonnin is not a 
fflucosido of gallic acid, and Scliifffinds that pure pentacetyltannic acid 
tainod by the action of acetic anhydride on natural tannin, any glucoso *; 

acetvlis^ and subsequently removed by tlio action of water. That the ^ 

in imperfectly purified natural tannin docs not exist in the free state, 
fact tUlt ether-alcohol and anhydrous alcohol dissolve such tannin freely. Unaltered 
natural tannin is probably a glucosido of digallic acid : 

C**H**0** = C*H'*0* •¥ 2C*^n*®0* — 2H’*0. 

This formula corresponds with 23 p.c. of glucose, and tlio amount of 
obtefoodTiim natunS tannin Tariw ftoin 0 to 22 p.c., f ^ 

to which tho tannin has boon purified. Schiff proposes to '“".S™ 
to the glncoside, and to use tho t^ diyaaic acid instead of tannic acid for indicating 

pure gi^otannic acid is not a glucoside, and that when dual at 140 -146 it hastu 

**'*GR?£tanuic ^d^is not found in oak-bark, ent^u, or 

tenping Even tho tannin of tho sumach exhibits different properties, and its annly 

Hiitian is i^zed with a «lrtiie centimeter of X nomiM lodine-solutioo, , 

agitation immediately beeomea colourless (wito formation of 
USdif to this minturJ there he added 1 of a spriu 

toaemallbulk exhiMtt <mly a ^nt alkMine reaction, a bBllwnM^Mlotaw 

vimrIueaA vhich for B long timo (Gnessmayer, Zei^kr, anal, Ch^nu 

the reieitioxi of Tannio i^d /with /odws and see &kucB (p. ; 
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of Tannin. — ^An elaborate memoir on the estimation of oak-bark tannin 
(quercitaiinin) has been publislied by C. Naubauer {Zeiischr. anal. Cltcm. 1871, 10; 
1-40 ; Ckem. Soc. J, [2], ix. 594-600 ; Jahreah, 1871» 954). Of the various motborls in 
use, he gives the profcronco to that of Lowenthal, -which is Ixised on the use of n. solu- 
tion of potassium sulphindylnto (indigo-carmine) standardised with permanganate. 
Wagner's method, founded on the precipitation of the tannin by cinchonine, Neiibaiier 
regards as unsound, inasmuch as even when the cinchonine solution is added in large 
excess, llio filtrate still contains tannin. 

A discussion of the different mctliods in use for the cstinuition of tannin in catcdni, 
rataiihia, kino, and otlier tanning materials is given by Giinther {Jittss. Zcitschr. 
Vharm. ix. 161, 194, 225 ; Vieridjahraachr. ^r. Tkarm. xx. 214-238 ; Chem. Cailr. 
1871, 395). 

On the uso of tannin for the preservation of Wine, see Dhigl. jyol. J. cci. 37 G. 
Contributions to the technology of the tannins: R. Wagner {ibid. ccv. 137 141 ). 
Endeavours to establish the art of tauning on a scientific foundation : A. licimer 
{ibid. ccv. 143, 248, 358, 457 ; Jahreab.f. Chem. 1872, 1016). 

Alder Tannin. The coloured tannin of alder-wood has been examined by E. 
Dreykorn a. E. Eoichardt {Di^igl. yd. J. cxcv. 157). The fresh sawdust of the wood of 
Mnus glutinosa wtis oxliaustcd in an extraction-cylinder with boiling water ; tlie dark 
red-bro-wn filtrate precipitated with lead acetate ; and the w'ell-washed precipitate de- 
composed by hydrogen sulphide, the bulk of the colouring matter being tlius thrown 
dow'ii together with the lead suliihido. The precipitate was washed with cold uater, 
and the colouring matter cxtrjicted with boiling alcohol of 00 p.c. On distilling off the 
alcohol and drying the residue in tho wator-liath, there remained a brown resinous 
muss rcduciblo by trituration to a red-brown poavder. , 

Tho analysis of this body dried at 130® loads to tho formula It is- 

filmost insoliiblo in ether, benzene, and carbon sulpbido, dissolves with difficulty m 
absolute alcohol, more easily in boiling wiitcr, in all proportions of dilute alcohol. 
It precipitates golalin, and produces a dirt-y green coloration with ferric chloride. 
Rv precipitatinff its hot aqueous solution with lead acetate, a load compound is 
obtained having the composition, rbO.C-^'Il"0^« ; tho coppor-compouud contains 
3Gu0.H-0.4C«ir®0»«. 

Alder Alder tannin treated with dilute sulphuric acid (1 : 10) foi‘ 24 hours 

Bt tho hoot of tho wotor-hath is rooolTcd into sugar ^18 to 1® p.c. ; ii |®.' 

iwriment- gavo only 16 p.c.), and a rod-brown resinous de^itofnldci rod, 

when drie?^ at 130® has tho composilioii and when .dned 

acid, This substance is insoluble in watoi* and in ctnei, 

soluble in alcohol; caustic soda and ammonia dissolve 

1 , , « I- in flnpIrH na nciaulatioii : on exposure 


is formed 

Bolutiou 

tion: 


»id acet;do to a strongly a.nmoniacal soMit.on oi Th 

1 which, aftor drying at 130°, has the composition JPbO.C 11 0.1 
of oldo; tannin into alder rod and sugar may bo reprosonted by tao 


6{IP0.0*’H’‘0") + H*0 = 3(2IP0.C"II’*0”) + 4C*1I"0’, 
and acetic acid; and by dry distillation, 

ferments, it is conceivable that the rod colour fipfomuoaition-product of alder 

jmsuro to the air may be prodncod by older rod, tho decomposiUon-p^lMt oi aa.^ 
taauin ; at all events, the Sitensity of tho colomr agrees well ^th this supposition. 

TAHTA&A.TSS and WXOBAWS. Thefollowng formnltcfor^es^nendti. 

deduced from numerous. anahsos, oro given by Bi^n^s j98_204).' 

137, 406, 684 ; Deut. Chun. Sts. Ber. iv. 874 ! Soc. J. [2], «• 196 

. . v*a \ /whoTa 0 1 with isomorphons admixtuws of 
. 1. Tanfalite and Niobits (colurobite) ^ ™ 

tho salts, FsSnO*, PeTiO*, FoWO*. 

1; »! -.f* "-J - 

Crystallised polycrase contains 4 p-c. tantnlio acid. f 2 RT' 0 * 1 

Bnsonite(jjin;.0-| 

11 = y, Eb, Ce, U, Fe. 

Water is prsaent oowtdoMUjT.l*’^ not as ah essential cMtstitnent, 
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4. FergusonUtt Yttrotantalite^ Bragite, — K combination of the same metals 

according to the formula R*Nb*0*, or 8R0.Nb*0*. CiystaUised forgusonite from 
Greenland contains iTa : 12Nb. In these minerals also the water (sometimes 
amounting to 6 p.c.) is only a secondary constituent. 

6. PyrocKtore , — Specimens from different localities show groat diversity of com^ 
position, the only constant constituents being R==Cn and Ce, as also NaF. The 
analyses lead to the following formuls : 1. Miask ; II. Brevig, containing uranium ; 
III. Frederiksvarn, free from Th. and U., rich in Fe ; IV. Kaiserstuhl. 


I. II. III. 


f5RNb*0* ) 

f5RNb«0« ) 

• 2R(Ti,Th)0»l 
4RaF j 

fJl*Nb'OM 

J4R(Ti,Th)0»l 

J BTiO* 1 

l4NaF J 

iNaP J 

r9BSiO> \ 

JVoehleriie 3RZrO 
(Rlib»0«. 

R « (2Na,C5a). 



IV. 


3R*Nb«0^ 

6(Na,K)F 


For the analyses, see the paper above cited in the Journal of the Chemicdl Sociclg; 
also the article Tantalum in this dictionary, vol. v. pp. 667-669. 

There are two tantalum and niobium minerals not included in tlicso analyses, viz. : 
samarshite and asckgniie, Stmiarskito is n niobato of uranium, yttrium, and iron (iy. 
55); ffischynitc, a mixture X)f uiobates, titanates, and thorates of Co, La, Ca, and Fo, 
( RNb-0« ) 

represented by the formula \ 2R(Ti,Th)0* [■ (li^ SuppL 58). 

[ (Ti,Th)0* J 

A comparison of the composition of the natural tantalatos and niobates, with their 
crystalline forms, exhibits several interesting series of isomorphous and hotcromorphoiis 
b^ies. 


A, Immorpkotu Groups of the Bhomhic 
^stem. 


Ratio of the axes 


Tantalite, Kiobite 
Wolfram . • 

Tantalic acid • 

Tungstic acid 
Titanic acid (Brookite) 
Polycrase (Euxonite) • 
iEschynite . • • 

Woehlerite . . • 

Broncite (MgSiO*) • 


a. c. 
0-82 : 0-82 
0’83 : 0*87 
0‘83 : 0‘82 
0*83 : 0-87 
0-84 : 0’94 
0*94 : 0-91 
0-49 : 0-67 
0-99 : 0-75 
1*03 : 1*18 


R. Isomorphous Groups of the 
Quadratic System. 

Ratio of the axes 

c. 

Tapiolite .... 0*64 
Titanic acid (Rutile) . . 0*64 

Zircon ((Zr.Si)O*) . . 9*64 

Tinaro(SnO*) . . . 0-67 

ZircoTiic acid . . .1*00 

Thoric acid . . . 0*16 

Xeuotimo (y*P*0®) . . 0*62 

Fergusonite . . .1*50 

Scheolite (CaWO^ . . 163 

ScheeLbleiorz (PbWO*) . 1*57 

Gelbbleierz • • • l'^3 


Hence it may be infened : 

1. The molecules RTa*0*, RWO*, RTiO* aro isomorphous with the anhydrides Ta*0 

WO»,TiO*. . , 

2. All these molecules are dimorphous. Tlie regular form of pyrochloro is also con- 
nected with the forms of its component minerals. KFl and NaFl, like CaTiO* 
i6tite) are regular, and the same crystaUine form is to be found in BaN*0*, SrN 
PbN’O*. 

The tantalatos and niobates hitherto found in minerals are RNb*0*, R*Nb*0^ 
R*Kb’0'', corresponding with the phosphates and arsenates. 

TAlTTAliiiniK. On the separation of this metal (and of niohinm) from Ub> 
titanium, and tungsten, see Rammelsberg {Chem» Soc, J* [2], x. 193, 194).^ 

TAmVASXO AOZB9 G«H*0*. Formation from Oxalic Aoid,---Y\i\s acid is formed| 
together with glycollic and glyoxylic acids, hy the action of sodium-amalgam 
ethylic oxalate in alcoholic solution ; 

2C»(C»H»)*6« + 8H* - 2(C*H»;H.0) + 

Btbylcxaiato Atoohol Bibyttortrats 

(Debus, Chem, She, J, [2], x. 376) ; see also p. 569 of this volmna. ‘ - ^ ^ 

On the Recovery of TartBrieand Oxalic adds from the residuMof the Hischaig* pw" 
m, see p. 861. , ^ 

On the Heat of KentraHiatioB (p* 621). 
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SemtuM iBi<* ^UuHtm iVn)uiMana2«.— Thin reaction takes place diflbrentlr 
aocordinely. os a mmerol a«d is nddoS or not. To prodnce a permanent red colomSm 
when no nuneral acid » ^ded, requires only half the quantity of penhanganato solu- 
tion that IS n^si^when an add is added. In the former ease a niaiVnese tar- 
trato, C H MnO + 2H 0, is formed, -which is rose-coloured while moist, birt liecomes 
paler when diy, and is nearly colourless at 100® and higher temperatures. 1000 nts 
of water dissolve 2‘17 pts. of this salt. The boiling solution mixed with alcohol de- 
posits small hard crystals. No acid salt is formed in the reaction fW. A. Fleischer. 
J)euL Chem. Gea. Ber. v. 360). ^ ^iowener, 

On the Detection of Tartaric acid crystals in Citric acid, see p. 346. 

Cbitwfston of Dexirotartaric acid into Rcutentic acid and Inactive Tartaric aciW.— 
This transformation may bo effected by heating the acid in sealed tubes. 30 grains 
of doxtrotartaric acid are sealed up with 3 to 4 grams of water in strong tubes, and 
heated in an oil-bath to 176® for thirty hours. On opening the tubes a large quantity 
of gas escapes. The product is token up by boiling water, and the solution is fdtered 
and evaporated. If the concentration has not been carried too far, the crystals which 
separate consist entirely of racemic acid. The mother-liquor, which contains .un- 
altered dextpotortoric acid, the inactive acid, and products of decomposition, yields, 
when again heated in sealed tubes, a further quantity of racemic acid. The tempera- 
ture must bo maintained exactly at 175®, since at higher temporsitures the tartaric 
acid is decomposed, and at lower temperatures the transformation is very slow. The 
Micomic acid thus obtained exhibits all the properties of that which is prop:irod from 
tartar. ‘When the tartaric acid is heated without addition of water, the quantity of 
racemic acid obtained is smaller. For operations on a largo scale, the materials may 
bo heated in a wrought-iron autoclave. 660 grams of dextrotartaric acid and 100 
grams of water thus heated to 180® yielded more than 100 grams of racemic acid. If 
the heat bo continued long enough, the dextrotartaric acid disappears completely, while 
the quantities of racemic and inactive tartaric acid in the product bear to one another 
n certain fixed relation, To reconvert the inactive tartaric acid into racemic acid, it is 
necessary first to remove the racemic acid already formed. Consequently, pure in- 
active tartaric acid cannot be completely transformed into racemic acid by one treat- 
ment in the manner above described. Both the d^ce of heat and the quantity of 
water added have an influence on the state of equilibrium of the two acids in tlie 
mixture. Inactive tartaric acid may be obtained in considerable quantity by heating 
dextrotartaric acid with the aboTo-mentioned quantity of water in the autoclave for two 
days to only 166®. After the small quantity of raceihic acid formed at the same time 
IniK been removed by a first crystallisation, tho mother-liquor is divided into two equal 
parts, one of which is neutralised with potassium carbonate, and then added to tho 
other half. By this means the remainder of the racemic add and tho unaltered doxtro- 
tartaric acid may be removed in the form of thin, sparingly soluble, acid potossiuni 
salts. The mother-liquor of these salts yields the oeid potassium salt of inactive tar- 
taric acid, and on converting this irito the calcium salt by precipitation, decomposing 
tile latter with sulphuric acid, and filtering, tho filtrato deposits free inactive tartanc 
ncid in crystals (Jungfloisch, Bidl, 8oc. Chim, [2], xviii. 201). 

TAAT&OWrXO ACXSa On tho formation of this acid by tho action of cupric 
oxide iu alkaline solution on dextroglucose, see buoAus (p. 1104). 

TA&TROVBVBAXiXO ACXD. CW*(OH)"-0^ An acid formed by heating 
bromomalophthalic acid, C»H»»Br(OH)OS with baiyta-water. See Tutrahydro- 
PUtHALIO AcilJ (p. 1149). 

tfAinRX3Nra« BehavUm in the Animal Orgixmvii , — Schultzen considers the oiipn 
of tt»ea and of sulphates in tho urino to be due to the ^mposition of 
Into cholic add (exetetsd in the fieces). 

sulphates in the urhoTwas noticeable, but almost all the taurine was 
changed in the urine, no ptodnetion of thiosulphates being 
15 grams of taurine wore riven in throe days; when, however, vegetable 
as wS^morimoS^^^^ only about * or less of the taurine was unat^k^. 

about 1 belnn ^Mted as mi alkaline thiosulphate, and mow tlum t w a sulpha^, 

C^b^ng^hShiTaSJto • ^ thiomlpWe bwam. 


oxidised. 
It 


in the urine are at any rate 


thht in 'thi^d^Smpodtion of hile; the Vhole 
dettyed hem teimne pro^“g»^ “ Inasmuch m the relative qnsnti. 
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be present on Schultsen's supposition, the nitrogen being greatly in excess. liCoie- 
over, it is found that the normal urine of dogs fed on bres^ and milk contains only 
f of its sulphur as sulphates, the rest being in the form of sulphurized organic sub- 
stances, so that the ^hole of the sulphur of the taurine formed is not oxidised to 
sulphate (E. Sedkowski, Bmt, Chem, Ges, Ber^ v. 637). 

• TAmOOKOUO ACZSa On the estimation of this acid in bile, see Kills; 
{Zeitachr, anal, Chem, 1872, 353 ; Jahresb.f. Chem. 1872, 939 ; Chem. Soc. J. [21, xi. 
636). 

TB.Aa The difforonce in the quality of different samples of tea arises, not from 
their being the loaves of difforont species of tea-plant, but partly from the nature of 
the soil and manner of cultivation, and chiefly from the ago of tho loaves, the youngest 
leaves, other things being the same, yielding tho best tea. Tho constituents of the 
ash of tea-leaves vury with thoir growth, the quantity of lime and silica incrojisiug both 
absolutely and relatively with their age, whilst tho potash and phosphoric Jicid decrease ; 
and, 118 the best tea is prepared from llio youngest leaves, an analysis of tho ash would 
appear to bo tho simplest method of determining tho quality of a tea. To test tho 
truth of this inference, Pli. Zbller (Ann. Ch. Pkarm. clviii. 180) examined a specimen 
of very fine and carefully made Himalaya tea, of a line black colour, and consisting 
of very young lancet-shaped leaves. It contained 4‘05 p.o. water, and 5‘63 of ash, 
100 pts. of which contained 39*22 of potash, 11*55 of phosphoric acid and only 4-24 
of lime. As the tea consisted of very young loaves, and its. ash was so rich in 
potash and phosphoric acid, it might bo expected to 3 Mcld a largo amount of nitro- 
genous matter aud of tlicine, and also of total extract. The nitrogen amounted to 
6*38 p.c., and tho extract, obtained by infusing 100 grams in three litres of boiling 
water t'wice successively, was 36*20 grams. To dotormino tho theino, tho tea was 
heated to 100° wnth slightly diluted sulphuric acid, treated with lead h^'drato to ro- 
movo tho acid, and exhausted with 86 p.c. alcohol. The palo-coloured solution, on 
standing, deposited crystals which appeared to bo thcobromitic, and the inothor-liquur 
from these was found to contain 4*94 p.c. theiiie. No thoobroniiiio could bo detected 
in two samples of tho best tea of commerce used for comparison. Peligot's aiialysus 
(ibid, xlvii. 360) are the ouly published ones giving such high numbers for nitrogen 
and theine. 

The extract gave 3*56 p.c. nitrogen, and 4*04 of ash, tlie Litter containing 55'15 p.c. 
of its weight of potash, 7*89 phosphoric acid, and only 0*05 lime. The exlmustod 
leaves gave 2*26 p.c. nitrogen and 1*80 of .isli, containing only 7*34 of pobuh, but 
25*41 phosphoric acid, and 10*7(7 of lime. It remains undetermined whether HiiuHlaya 
tea is distinguished from Chinese tea by containing theobromine, but it would iippoar 
that tho specimen examined was equal to the best Chinese tea. 

The numbers above given show how easy it is, by an analysis of tho ash, to detect a 
tea consisting of exhausted leaves which have boon rc-dried, since tliey become com- 
paratively poor in potash salts and rich in lime. Zuller believes that the value of ton 
as a beverage is due, not only to tho theine it contdins, but also to tho other nitrogenous 
substaucos present, and to the largo amount of potassium salts. 

Aiibort (Dingl. pol. J. cevi. 500) flnds that a cup of good Pekoe tea, prepared from 
5 to 6 grams of the loaves, contains from 0*1 to 0*12 gram of theino, which is about 
the same amount as that contained in the infusion of half an ounce of good coffee. 

TB&KVJUXUM. Preparation. — According to F. Stolba (Dingl. ped. J, cxcviii. 
262), tellurium is completely precipitated from a solution of tollurous acid in excess of 
caustic potash or soda boilmg with grape-sugar ; he recommends this method for 
tho working of tellurium ores. Selenious acid is not reduced under the same circum- 
stances. 

Spectra, — On the spectrum of tollurium vhjmmt, see Salot (Compt, rend, Ixxiil. hovt 
74^; Ditto (ibid. 622) ; also Chem. See. J. [2], ix. 1146, 1146. . ^ a 

Tejlurous chloride may be obtained by the action of dry chlorine on tollun'f® Jj* * 
harrow tube, as a black mass which liquefies at a red heat» and volatiliM 
vapours. A stratum of the vapour oniy a centimeter thidc gives a peeuli^ 
particularly well developed in the orange and green. TOMur&us dromidis B ^no 
vapour, having its principal spectral lines in thared and yellow (Oenea, 

Ixxiv. 406). 

On the Heat of Cpmbnstion of Tollurium, see Hisat (p. 613). . . . 

On the React ion of Tellurium with Sulphuric anhydride, see STOTttflE (S- 1 

Hjfdrogen, TeUwide^ TeH^ is decomposed by heat' in the BA>me mauhim^ 
selonide (p. 1079). By enclosing Irilnrium in a tube filled with 
only the part of the tube where the tolluriam is placed, it w dbpowteii 0tt:*W,^^“;P^ 
of the tube in prisms 20 nmu hnig C^itte),^ 
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VjHUUWTBAUO Aon. Seo VtCtBUJO Acid (p. 979). 

9 BRPBini 8 f On the plwsical chainctor of terpeneSi soe Oils VoiATiUB 

(p. 872) ; o» their refractive indices, LiaHT (pp. 740, 741). 

On the formation of Oymeno from terpen es, see Cymeke (p. 410). 

TfiRTZASV AXCOBOZiSa Oxidation ^ — ^The oxidation of tertiary alcohols 

takes place according to a law similar to that which rules the oxidation of ketones 
(p. 711 )i the most simple alcohol-radiclo remaining combined with the, csirbon-atom by 
which the whole group is kept together, whilst the two other radicles are oxidised 
separately. Tlie only exception to this mlo appeared to bo made by trimethyl- 
carbiiiol, which, as Butlerow formerly found, yielded acetone, acetic acid, and propionic 
'acid. Hut oil studying the oxidation-products of this alcohol more closely, he now 
finds {Zdtschr.f, Chem, [2], vii. 484) that they consist chiefly of acetone (being an 
intermediate product) and acetic acid, besides a smaller quantity of isobulyric acid. 
Tho formation of Uiis latter compound is not in contradiction to the above law ; it is 
formed by a molecular change, corresponding with that by which Linncmann has 
found that derivatives of tri'motbyl-carbinol are obbiined &om isobutyl alcohol (p. 
210 ). 


TBTBABmiOPBTRAUC ACID, (Baoyer, l)eut. Chem. Ges. Tier, 

iii. 61 ; iv. 273). This acid is formed, with cox>ious evolution of carbon dioxide, when 
hydropyiomollitic acid (Is^ Suppl. 812) is lieated. Tetrahydrophtlmlic anhydride, 
then distils over in tho form of an oil, which solidifies in large laminm on 
cooling. This anhydride melts at 68® and distils in comparatively small quantities 
without alteration ; it is insoluble in water, easily soluble in ether, and crystallises 
therefrom by spontaneous evaporation in hard shining laminin. It dissolves at a 
moderate heat in strong sulphuric acid, and is precipitated by water in large lamims. 
At a stronger heat gas is evolved, and tho anhydride gradually undergoes comx>leto 
decomposition without formation of phtlmlic or benzoic acid. The anhydride, when 
boiled with water, is converted into the easily soluble acid, which crystallises 

ill lamina*, melts at 96®, and is at the same time reconverted into the anhydride. 

Tctrahydrophthalic acid is bibasic. When heated with distilled hydriodic acid it 
takes up 2 at. hydrogen and is converted into hoxhydrophthalic acid, 

The samo compound is formed by the action of sodium -amalgam on totrahydrophthalic 
acid, 2 at. of hydrogen appearing to ho tho largest amount that this acid is capable 
of taking up. This behaviour indicates that tetrahydrophtlmlic acid belongs to tho 
series of benzocarbonic acids {let Suppl. 809) ; Baeyer represents it by the constitu- 
tional formula : 

IP 


HaC— C5— 0— C0*H: 


j[20— C— C— C0*H 
H* 

This view of its.Btractuve is perfectljr in accorfonco with its hebsvionr to ^in^ 
When 2 at bromine are added to its aqueous solution, a liquid “ 
when ovnwratod over sulphuric acid, yields hard crusto of iWi 

aci d, C*rf*Br(OH)0'. This acid dissolves freely in water, and is very Mwly 
posed. When heatod with baryta-water it forms hanum bromide nnd the Unnm 

lA ™oShthalTe aoidVc-H>WO‘. Thie last 

water, and orys^lises therefrom in very large, finely deveteed Kf *• ’!“!? ^to 

what strongly heated it distils, leaving only a small ^^tli^nn- 

has a pecnliw odour like that of the less ^ “ Ite 

altered tartrophtlialio acid, together With Other Bubstoces. , 

l^Hum salt separates in the cold in thin laminWi froiu w ninn/in^fifldlco 

prisms. The C«H>WPb. crystallises in concentncally-united slender needles, 

Mother add much mwe soluble in water, and melting at 168«-167 , also oy mat « 

▼My small quantity of a hydrocerbbn (MisMski); 
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ranUkVBBWOft. This name is giveti by Limpricht to a compound, 

pirodueed by distilling barium pyromucate irith soda-lime (p. 1082). 

TBTItAVBinrnaTmiBn, G*(C*H*)^ (A. Behr, Dent. Chem, Gea, Ber. 
iii. 701 ; v. 277). This hydrocarbon is formed by tho action of finely divided silver 
on the chloride, C(G*H^)-C1\ obtained by treating bonzophenone -with phosphorus 
peutiichloride (p. 176), and separates from solution in hot benzene in spicular crystals 
melting at 221^, On mixing its solution in glacial acetic acid 'with half its weight of 
chromic acid, likewise dissolved in glacial acetic ucid, and boiling till the liquid turns 
green, the solution, on cooling, becomes filled with green needles of totraphenyl- 
ethylene oxide, C*(C'‘H*)^0, which, after several recrystnllisations jfrom glacial 
acetic acid, is obtained pure and melting at 193^-194^. Tho oxide dissolves in benzene 
and in ether, volatilises without residue when strongly heated, and is converted by 
chromic acid in excess — as also the hydrocarbon itself — into bonzophenone : 

C“(C«H»)^0 + O « 2CO(C*H*)*. 


Strong sulphuric acid converts tetraphenylethylene or its oxide into tetraphonyl- 
ethylono-totrasulphonic acid, whidi, however, has not boon obtained pure; its 
salts are easily soluble and uncrystallisablo. On fusing tho barium salt with three 
times its weight of potassium hydrate, totroxyphoxiyl-otliyleiie, C'-(C“H^01l)\ 
is produced. This compound crystallises from acetic acid and molts above 800*'. 
Ferric chloride dissolved in glacial acetic acid oxidises it. to a crystalline body, 
(janiIiaOV 'H^O, which gives off* its water at ISO'^. Tho crystals are green, with metallic 
lustre, and yield a red powder. They are insoluble in water, etiior, chloroform, and 
benzene, slightly soluble in alcohol. Alkalis dissolve them with doop-bluo groon 
colour, and tho concentrated solution yields, with acids, light or dark red precipitates. 
With alum the alkaline solution forms a dingy-red olumitia-compound. Thu idknlino 
solution is cosily reduced by zinc-dust. Bchr regards this colouring matter as analo- 
gous in constitution to quinhydrone : 




OH 


.O'' 

'^OH 

Quinhydrone 




C* 


/cm*on 

OK'O'' 

IC'H’OH 


Colouring matter from 
Tetroxyphenylothyleno 


TnBAVBBirr&-MBTKJm, C(G*H*)*, appears to be formed, together uitli 
bonzophenone, by the dry distillation of barium benzoate, passing over chiefly in the 
higher boiling portions of tho distillate (Behr, Deut, Cheni, Gea. Ber. vi. 071). 

TanUkSA&XCmZBB. Soo Salicylic Amixtdrides (p. 1067). 

TBntOXiXO J1013>, C‘II*0*. A solid acid, said by Qouther to bo formed 
the action of melting potash on tho less volatile modification of monoohlorocrotonic 
acid (p. 300). 

A colouring matter obtained from the rod spots over 
tho eyes of tho black-codK and pheasant; also from tho reddish parts of the trout, the 
crab, and the fruit of Phialopais rubra. It is soluble in chloroform, 
caustic potash ; concentrated sulphuric acid turns it indigo-blue, then^ black, it « 
soluble in carbon sulphido and ether. It differs from tho coloqnng matter oi 
blood (Wurm, Pcy^. cxlv. 170). 

VBA&lkZVMt Tl. Atomic twr^Af.^Crookes lias rodoterminod the atomic iwight 
of this metal by ascortoiDiDg tho quantity of thalUous nitrate, TlNO*, obtamoa y 
treating a known weight of thallium 'witn nitric acid in a bulb-apparatus oxnaiw 
of air, with elaborate precautions to prevent access of atmosphOTO oxyg^Oj^Oj. 
eliminate any sources of error arising fifom inaccuracy in tiie weights empioyea, ee 
The mean of ten closely agreeing determinations gave : 


Tl « 208-642, 

the minimum and maximum values being 208*628 and 203'660 (i%W. iffl**^* W72i 
JfVioc. Poy. iSbe..xx. 476). .a . t. t dta 

OMiirrsiics.— Thallium hss been found in* sphalerite friwn Germdsecit in 
Bfrii«aa(v. Kobril.t3^1>r. Caw^ . 

PraparaHon^^Var the reduction of thalUum ftom the cWoride, ■ ' 

PAcmTdziv, 74) reconttnends the fhsion of an i>timiMn 

m I pt » toir *ed tow 
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loBB that may anae from yolatilisation of the chlorido at the commencement of the 
operation, may porhapi be avoided by making the mass into a paste vith water, and 
drying it before fusion. 

Tfc&BTvaUon , — Bottgor {Dingl. pol, J, cxcvii. 379.) recommends the keeping of thal- 
lium in distilled water freed from air. Thallium thus preserved was found to be 
quite unaltered after throe years. 


cmorlAefli Bromldea, and XoAldes (Bammelsberg, Ann. cxlvi. 592). 

J'haUium^ sesquiohloridet Tl'-ICl* (or rather T1^G1“), formed by molting thallious 
chlorido in a stream of chlorine, is obtained in yellow scales. The same compound is 
formed when the brown oxide is dissolved in hydrochlorio acid, and the solution 
evaporated. r i 

PotassMhaUic Chloride^ 3KCi.TlCl* + 2H^O, obtained by adding potassium chloride 
to u solution of the brown oxide in hydrochloric acid, forms large tninsparent crystals 
belonging to the quadratic or dimotric system. Almost similar c^stals are obtained 
of the corresponding ammonium salt by using ammonium chlorido in the place of 

S otassium chloride. These salts are not decomposed by boiling with water, but are 
ocomposed by alkalis, with separation of brown oxide of thallium. 


Pctassio-thallio Bromide, 3KBr.2T]Br’ + 3H”0, is obtained by first precipitating 
the bromide of thallium, which is then dissolved by digestion with bromine- water, 
and, on the addition of potassium bromide, the double salt is formed. It is obtained 
in slightly yellow crystals, which appear to belong to the roguldt system. 

Potasgio4haUio Iodide, 3KI.2T11’ + 3H^O, is obtained by digesting thallious iodide 
with solution of potassium iodide and Arce iodine. By evaporation over sulpliuric acid, 
the solution gives dark crystals which, when powdered, are of an intense dark red 
colour. The crystals belong to tlie wgular system ; on slight heating they lose 
iodine, and are converted into a mixture of potassium iodide and thallious iodide. 


ThaUoso-ihalUc Iodide, T1*I* or 6T1I.T1I*, is prepared by heating thallious iodide 
with strong hydriodic acid and iodine, and evaporating to dryness (at TO'*); by digest- 
ing thallious iodide witli excess of iodine in etlioroal solution ; by dissolvii^ thallious 
iodide in a solution of iodine in absolute alcohol, evaporating over sulphuric acid and 
washing the residue with absolute alcohol, or by precipitating a solublo thallic salt 
with potassio-tludlious iodide. The lost method, however, does not easily yield it 
pure (Jorgenson, Chem. [2], vi. 82). ^ ^ ^ u i 

When a solution of thallious iodide in hydriodic acid mixed with iodine is slightly 
Buporsatnratod with ammonia, and this solution is added by portions to a mwierately 
dilute and gently warmed solution of cuprammonitim eulphato, the double salt, 
4NH* Cul'-.2T1P, is precipitated inshimng needles, which mavbe quickly washed with 
cold water and dri^ in the pressed state over calcium chloride. It is decoraposed by 
prolonged washing, also by ammonia, in which it partly dissolves. Alcohol diBsolvus 
it with greenish-yellow colour. Heated to 120® it leaves a mixture of thallious and 
cuprous iodides, and when it is heated with zinc, all the iodine papes into solution, 
while thallium and copper remain behind in the metallic state together with the zinc. • 


OxjreB-Balts (Rammelsberg, loc. cU.) Thallio acetate is easily obtained in rather 
large crystals by dissolving freshly precipitated thallm oxide m strong acetic ac^. 
The crj-Jtals belong to the rhombic system, and, according to Wilm, have the com- 
position T1®C«H*0», which is that of a basic salt 

Thallifm nitrate, T1N0», is isomorphous with the rhombic nitrates of the monatomic 
metals, such as potassium, ammonium, and silver nitrates, 

Thallime perchh^^te, TICIO*, belongs to the rhombic system, and is isomorphous 
with potassium perc^orate. 

TrUhalUone phoephtUe, like the corresponding lithium salt, is 
DitMlioM VM obtainwl by i« the anhydrous stain, 

form is nninZirthe hydmto, 8HTl*PO' + I*®!®"*?-!*®'®”'; + m 

.TW. very d^ly 


imcqual h^ration of the sodium salts disguises me ;”i 

Thallium Sd potassidin sulphates are also completely Isomorphous, belonging to 

iron, am .1..^ hJony to the monoclime syatwn. ibsuinm lunm w » 

^ .buM. 
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Normal ^late and Uozalate of thallium are ^stalline, and belong to the mono- 
elinio aystem ; the quadromlate is tridini(^ and isomorphous vith tlio corresponding 
potassium and ammonium salts. 

' Acid thallium tartrate is isomorphous with the potassium salt, and belongs to tlio 
rhombic system. 

The double tartrates of thallium and sodium, and of thallium and antimony, are 
isomorphous with tho potassium double salts. The picratos of thallium and of potas- 
sium and ammonium are, however, not isomorphous. 

The ferrocyanides of thallium and rubidium are isomorphous, belonging to the triclinic 
system, and crystallising with 2 mols. of water. 

On the lodates and Periodates of thallium, seo p. 683. 

Tkallious uranaie is formed as a yellow precipitate resembling the iiranates of tho 
alkali metals, on adding thallious oxide to a solution of uranium (0. Bolton, American 
Ckemut^ 1872, ii. 466). 

Double Salt containing Thallium and Platinum, — B. J. Friswoll {Chem. Soc, J, [2], 
ix. 461) has obtained a salt having tho composition PtCL'^Cy^C0(T10)^ by mixing 
liot solutions of potassio-pbitinous cyanide, PtK-Cy* + 3H-0 (4‘334 grams), and tluil- 
lious carbonate (9‘360 grams), whereupon tho following reaction takes place : 

PtK^Cy* + 2C0(T10)« « CO(OK)» + PtCl*Cy\C0(T10)% 

It may also be formed directly by mixing 7*091 grams of potassio-platinous cyanide 
with 4*680 grams of thnllious carbonate (and tlio corresponding barium salt by mixing 
4*384 grams of bario-platinous cyanide with 0*360 grams of thallious aurbonato). 

Tho potassic double salt forms rectangular prisms, exhibiting a splendid crimson 
colour by transmitted light and by reflection, a deep bronze-green colour with strong 
metallic lustre. It is sparingly soliiblo in hot, irisr>lublo in cold wator. Tho nqueous 
solution is absolutely colourless, and does not deposit the salt on cooling, unless it is 
very concentrated ; it yields, however, white crysUila which are either a hydrate or a 
mixture of the two component salts simultaneously sepamtod. It is best rccrystallisud 
from a solution of thallium carljouiito too diluto to deposit that salt on cooling. The 
aqueous solution does not exhibit absorption-bands. Tlio salt healed with nitric acid 
gives off carbon dioxide and leaves a red residue of tlmllium plutinocyanido. fly 
potassium iodide it is decomposed in the following manner ; 

PtTi*Cy‘CO(T10)2 + 4KI « 4T1I -f PtK-Cy* + CO(KO)*. 


TBBBAZCZVE. An alkaloid, probably isomeric with tliebaino and thebonino 
(iq/ra), produced from tho latter under the influence of strong acids, especially of 
hydrochloric acid. From tho resulting solutions it is thrown down by ammonia, as nu 
amorphous yellow precipitate, insoluble in ether, boiizin, water, and ammonia, slightly 
soluble in hot alcohol, and separating again tliorefrom in the amorphous state. It dis- 
solves in potash-ley, forming a solution which absorbs oxygon. Strong nitric acid 
dissolves it With dark red, strong sulphuric acid with dark blue colour. Its salts fire 
mostly resinous (Hesse). 


C**H*‘NO* (Hesso, Ann. Ch, Pharm, cliii. 47 ; BvU, 6oc„ Chim, [2], 
xiv. 73 ; Gmelin'e Handbook, xviii, 208). This base, discovered by Thiboumery (v. 
768), is one the constituents of tho precipitate obtained by treating tlio aqueous ex- 
tract of opium with excess of sodium carbonate or lime, exhausting the filtered liquid 
with etiior, agitating the ethereal solution with acetic acid, and pourmg the acid liquid 
into an excess of ra^eratoly dilute potash- or soda-ley, taking care "that the precipi- 
tate does not agglutinate. By dissolving this precipitate in aoetid Ifibld, treatiug it 
with animal chwoal, combining it with tartaric acid, reciystaUisin^^^e tartrate fru^ 
a small quantity of boiling water, and separating it with ammbsiiat the thebaiue is 
pbtained perfectly pure. In this state it crystallises from hot dilUto alcohol in bufiu* 
tifal, colourless, crystalline leaflets ; from strong alcohol in prisms." It melts ^ 
and may be sublimed. It is tasteless ; ita salts have ait alkaline rmtioh. . It uis^ 
solres eanly in alcohol, benzene, and chloroform, sparingly in either (1 : 
nearly insoluble in water. From the solutions of its salts it is pneimta^ by 
ammonia, lime and bicarbonate of sodium; ammonia and lima dissaLviB it to o 
extent. ■ ■ 

Thebaino, though a strong base, is easily decomposible ; a solution .cootBimM ^ 
COM <rf hydioAlcwio- acid decompo^ in a few hours. Streng hitrie:. 
adds deempose it, ptodudflg a deep rod coloratioa ; dilute sulphiiri^llicia oouTfP 
into thebeniiie and thebaXOiae. 

BnlU MfdroehMda, 

rbomto pifci^ 



1153 


THEBBNUTB— THIOALDEHYDE. 

Ilf changes to beautiful prisms; the water 

to Anderson) is given off at 100®. The hydrio- 
ihd^ obtaned by ^ding mtassium iodide to tho tsrtrato, forms colourloss Sms 

tauM^r-Iiko masses, soluble in 07 pts. of water at 10®, easily soluble also in 
alcohol, insoluble in ether. Tho acid saii, C»H’«N0>.C«H“0' + U»0, forms large 

20° The . acid tartJe, 
pnsms, easily soluble in hot aloohcl and hot 
uater, slightly soluble in cold water(l : 130 at 20®), having an acid rciction. Tho 
amo^hous neutral torf^c is obtained by saturating the acid salt with thebaiiio, re- 
moving the excess of other, and evaporating. 


^ cliii. 47; BuU, Soc. Chim. 

isomonc With thobaine, is obtained by hcwiting tho latter (10 
pts.) to boilmg with hydroc ilonc acid (200 pte. of sp. pr. 1-04), and immediately mix- 
ing the liquid with an equal volume of cold water. The crj’stals of tho salt, which 
separate after sovoral days, are recrystallisod from hot water, and the base is separated 
by treating the solution with sodium thiosulphate. 

^ Ihcbenine is amorphous, insoluble in ether and in benzin, slightly soluble in boil- 
ing alcohol, insoluble in ammonia, soluble in potash, precipitated therefrom by sal- 
amraoniac, neutralises hydrochloric and sulphuric acids. It absorbs oxygen rapidh', 
Gspeciuly when in contact with basic substances. AVitli acids it is more permanent; 
iievorUioless, its hydrochloride, heated for a few minutes to 100° with liydi-ochloric 
acid, 18 converted into the baicine. Strong sulphuric acid dissolves thebonino with 
splendid blue colour, which disappears on addition of water, but is restored by further 
addition of sulphuric acid. 

Th^enine hydrochloridet C*"iI®*NO®.HCl + 31l"0, forms large crystalline lamins, 
easily soluble in boiling water c'lnd alcohol, sparingly in cold water (1 I 100), appa- 
routly not poisonous. Tho platinochlorUle is a brownish-yellow precipiuto which 
quickly assumes a darker colour. The mtrcurockloride, 2(C»“H-“NO».H01).lIgCl^ 
+ 2H^O, crystallises in long colourless prisma mostly arranged in fan-shaped groups ; 
efflorescoB in dry air. The (C'®H®*NO*)^SO^H® + 211*0, separiites on mixing 

the aqueous solution of the hydrochloride with sulphuric acid, as a white crystalline 
powder mode up of prisms ; it is nearly insoluble in cold and only slightly soluble 
m boiling water. The ^ oxalate, C'*H«NO».C*IPO' + H*0, separates on adding 
oxalic acid to a hot solution of the hydrochloride, either as a crystalline jirccipitatoor 
111 satiny crystalline laminae, according to tho degree of concentration. It is somewhat 
Hohiblo in boiling water and crystallises tlierofrom in prisms. 

TBBBOXu&GTIO AOXB* This supposed isomeride of lactic acid, obtained by 
T. ^d II. Smith from the mother-liquors of morphine (v. 75!)), has boon examined by 
J. Y. Buchanan {Deut, CJtem. G*cs. Ber. iii. 182). By distilling 1 mol. of the ciilciuni 
salt with 2 mols. POl*, treating the portion of the distillate boiling above 111° with 
alcohol, and that which boil^ below 111® with water, he obtained from tlio first 
portion chloroproprionic ether, and from the second chloropropionic acid, botli of which 
M’er© found to be identical with tho bodies similarly prepared from ordinary lactic 
acid. Hence Biidianan regards it as in the highest degree probiiblo that the so-called 
thebolactic add is nothing but ordinary lactic acid. It is optically inactive, and its 
^pper salt (contrary to the statement of T. and H. Smith) does not differ in any 
J^spect from ^at of ordinary lactic acid. 


tb: 


OAFmi7B (p. 280). 


silicato of yttrium, from S, Paolo, Brazil, called by 

- ftl-* / •KT 1 t 0\ nA.nA ... Blli.in 


name, coiulato;‘;9e^ toPhipson 0hem. News, xxi. 13), of OO'OO p.c._ silica, 
f '56 ferric oxidcii al^ina aim gludna, and 4'54 water, without a trace of yttria. It 
w porhaps an inipiite quarto. 

VHia8liO>4UiainBUk90M« An automatic thermo-regulator for use in the 
prapMtion of nit^iiiS oxide and qthdr ^es, is described by F. Clowes (Cfecw. Soc. J. 
cxI* '.AnoUiof thermo-regulator is described by E« Reichert {Boyy. Aim. 

*Ul»A«,igVA3lneblil«. See TRioumwa 

ot •UWBASOBHTiDll, (C*H<S)*. The moleealM 
<rf thili hWh««n determiped by Hofeiaan {JDeut. 6et. Ber.M. 

OoSyin thei ^same inaniDSK' lui thBt. of' the thioaldehyde of tho methyl Berms (p. 1155) 
vi» - of Two detertoiimtiqns^^^ 


viz. by 


atittlyfW fcoiid bdog 00*(b while calculation for 

■■ AE- 
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gives 90. Henco it would appear that the so-called thioaldehyde is really 
thiqpanUdehyde, analogous to paraldehyde, (C*H^O)*. 

THXOjAJHmZG ACXBp C^H**SO*. An isomeride of amylsulphuric acid, said by 
Commaille rend, Izxv. ,1630; Jakrub, f. Chcm, iii. 081) to bo obtained, 

together ^th * parathionic acid,* from the mother-liquors of corallin (p. 391). On 
concentrating the mother-liquor, and heating it several times, till water no longez 
throws^ down any colouring matter, then boiling it with litharge, pouring tlie not 
liquid into cold water, and filtering, the filtrate yields on concentration, first ^ystals 
of paxa^ionate, and then of tliioamylate of lead. Thioamylic acid is described as 
, crystallising more readily than amylsuiphuric acid, and its salts as more permanent, tlio 
barium salt as crystallising in needles containing 1 mol. water, whereas the amylsul- 
phate contains 2H^O (y. 620). The ammonium, potassium and load salts, as described 
by Commaille, difier more or less in crystalline form from the corresponding amylsul 
raates. As, howeyer, the so-called paratliionic acid has been shown to be not isomeric, 
but identical with ethylsulphuric acid (p. 897), it is not improbable that the slight 
difibrenoes between thioamylic and amylsulphnric acids may be due to different degrees 
of purity. 


TnOAJrxxnrB, C»H»>N^S « (C«H<NH*)*3 * (Mors a. Weitb, Beitt, Chcm, Ges, 
Ber, iy. 384). Wlien 2 mols. aniline and 1 mol. sulphur are boiled together in :i 
retort with reversed condenser as long as hydrogen sulphide continues to escape, ii 
thick oil is obtained consistliig of thioaniline and unaltered aniline, together with a 
large quantity of resin, probably containing more highly 8u1x)hnrotted anilines. To 
purify the product, the aniline is distilled off with vapour of water, the residue 
is boiled with dilute hydrochloric acid, the solution evaporated to dryness, the residue 
dissolved in water ; a small quantity of alkali added to precipitate impurities, and 
then a larger quantity, which throws down the thioaniline as a yellowish oil, 
which solidifies to a crystalline mass. It is further purified by solution in ethor- 
alcohol, and precipitation as sulphate witli sulphuric acid. Better results are, how- 
ever, obtained when litharge is added to the boiling mixture of sulpliur and aniline; 
the reaction then takes place as follows : 

2C5«H»N -h S» + PbO - PbS + IPO + C«H»N’-»S 


and only a small quantity of resin is formed. The product is exhausted with boiling 
alcohol, and the residue, which contains the thioaniline, treated as before. 

Thioaniline is sparingly soluble in cold, more ejssily in hot water, voiy easily in 
alcohol and ether. ^ Prom Hot water it crystallises, with previous turbidity, in long thin 
satiny needles, which melt in boiling water, and at 104^-105^ when dry ; it dooom- 
poses when distilled, yielding aniline, hydrogen sulphide, and a coaly residue. 

The salts ofthloaniline hare an acid reaction; their solutions, even when very dilute, 
stain a deal shaving with a fine orange colour. Chlorine-tffater colours the solutions 
btownish-red, and then Mparates brovr nish flocks. Potassium dichromate forms a 
violet precipitate soluble in alcohol. Platinic chloride separates black flocks padu- 
ally at ordinary tomperaturca immedmtely ' on heating. Thioaniline heated with 
strag sulphuric acid forma a red to blue or blue-violet elution, which when poured 
into water produces a flno rod colour. 

Thioaniline hydrochloride, C*=H**N*S.2H01 + H*0, forms long oolourless ne^les or 
shorter prisms easily soluble in water, lefw in alcohol, nearly insoluble in ether. Tb® 
sfdpltale, + H*0, crystallises from hot water in coloiurless riiininfi 

Xvismsor spicule,^ slightly soluble in cold water, nearly insoluble in ether and 
alcohol. Ammonia added to tlio *aqneoua solution throws down, vjifll. 
position, white nacreous scales of a basic wit, (C**H**N*S)*H*to* + BTO 

resin obtained in the preparation of thioaniline from snlphtiraiiidimiline.^^^^ 
boiling with dilute hydrochloric acid, treatment vrarm concentrate 
acid, and precipitation with water, the composition + " 

Tkieacet anilide, (C®H*NH,(>H®p)*S, U lormod by the actiofl 
cf glacial acetic add pn thioaniliae dissolved iii b^Bene, as a 
soluble in hot, lessiMly in cold alebliol, slighli]^ sDluble id ether andfln^l^^ 
resolved by bmltng litvte sulphtirio acid into acetic add and thioahiUnO^^!^ 
The prodnet obtained Hith acetyl chloride mdts at 218 * 6 ^, that prepoyM^^ith 
aOdiblim ] . V , ; 

thioa is heated 

alpohd^ solud^ evolved, apd yeliowihh ■ 

dio^ which af^ and eihcrr^^ad &nin 
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Tho mixture is inicroczjstalline, and melta with deoomTOsition at a hig^i temperature. 
I^oilingr concentrated eulpburic acid acta rather slo-my on' it, producing hydrogen 
eulpliide, carbon dioxide, and thioaniline^ but apparently no product analogoue to 
mustard oil. 


TBIoasnoXO AC», 0'HoO*S » C«H«(SHiGOOH. Thiohi/drobengoio acid 
(Hubner a. Upmann, Zeitschr.f. Chem. iii. 291).‘»This add is produced by the action 
of nascent hy^gen (from tin and hydrochloric acid) on sulphobenzoic chloride (ob- 
tained by heating 1 pt. sodium sulphobenzoate urith 2 pts. POP) : 


+ 3H« - HCl + 2IPO + C*n*(SH).COOH. 

The crystalline mass which separates is washed with hydrochloric acid, dissolved in 
ammonia, precipitated by hydrochloric acid, and recrystalliscd from hot alcohol. 

Thiobenzoic acid is nearly insoluble in water, slightly soluble in alcohol, and 
ciystalliscs from tbo latter in faintly yellowish needles, melting at 242^-244°. 

Ammonium ihiobencoaic, C®H^(SH)CO*NH^ + H*0, is a granulo-crystallino mass 
soluble in water and alcohol. The barium salt^ [C*H^(SH)00®]*Ba + 2JH*0, ^ is 
obtained by precipitating a boiling, vo^ dilate solution of the ammonium salt with 
barium chloride, in small, white, prismatic needles. Tlio cedcium salU 
[C’H^^SlI^CO^J^Ga + 3H*0, and the lead and einc salts, aro likewise obtained by 
precipitation. ... 

When thiobenzoic acid is shaken up with 1 mol. bromine, hydrobromic acid is given 
off, and an acid is formed, probably dithiobenzoic acid, (C“H*)*iS*(CO*H)*. 

Metabromothiobenzoie acid, C*H*Br(gH)COOH, is obtained, similarly to the preced- 
ing, from bromoBulphobenzoic acid. The crystalline mass separated by the action of 
tin and hydrochloric acid on hromosulphobonzoic chloride, dissolves for the most port 
ill alcohol, and the solution when left to evaporate deposits the acid in small colourless 
needles molting at 264®-266®, insoluble in water, easily soluble in alcohol. 


TBXOFOBMA&BIIBYBBy (CH^S)’. Methylene Sulphide . — This body, first 
obtained by Girard by the action of nascent hydrogen on carbon sulphide (iii. 1007), 
is also produced by tne action of sodium sulphide on motliylone iodide (Huseman, 
loc. cit), and by that of hydrogen sulphide on formaldehyde (Hoftnann, ls« Suppl. 622). 
Its alcoholic solution mixed with silver nitrate yields a precipitate which, when wash^ 
with alcohol and dissolved in hot water, crystallises on cooling in thick rhombic 
laiiiin® having the composition (GH*S)».AgNO* + H*0, and of /heir watw 

100®. A solution of this salt in excess of silver nitrate yields (CH*S)*.2AgIH O» + 
whi<i also becomes anhydrous at JOO® (Hofmann, Chem, Q^. Ser. ii. 162 ; iiir 
684 ; Girard, Ootnpt. rend. Ixx. 6?5). The solutidn of the thionldehy^ ^iled with 
platinic chloride yields a crystalline precipitate 

composition 2G»H*S».PtCl^ according to Girard 2C»H*S».PtCl=> + 2(2C»H«S .PtCl ). 

Hofmann also finds that the precipitate sometimes contains platmons chlonrte, 
arising from partial reduction of the platinic chloride, but not in constant proj^rtion. 
By mixinga relutioh of platinoue chloride in hy^hlonc amd vnth ajeohohe 
solution of thiofonnaldehyds, he obtained a light yellow precipitate having the 

Hoftnann infer, that the moloeular fcmuUof thioform- 


Syn. with Tuiosusnsoic Acre. 
qH(OH*)*SH, Syn. with Isopkopyl Sul- 


I aosb. 

THIOIMiniBftSi ilAdOBO)^ 

, ^ CHLOMlMia. 

Sm TaioAtDteVDB (pk 1163). 




a nddidilw^ hating tit, ' 

Hi, acid « 



ilSfi THIOEBSORCQi— THYllOQtlNONB. 

f»ulphiirottali}^ride (v. 664 ; 8uppl 276)» from 'which, howevor, it differs greatly ih 
its properties (Bruhner, Jkut. Chem, Gta, B'er. irl 984). 

On the formation of Phenyl Bisulphite, fram thiophenol, see PiufiNTL Sulphides 
(pp. 041, 942). 


SlBIOMIBOKOIiri C*H*S’. This compound is formed by 'the action of tin and 
hydrochloric acid on benzene-disulphonic chloride, C*H^(80'C1)^ (produced by 
trying the sodium salt of benzone-disalphonio acid [la^ Suppl, 276] with phosphorus 
^ntachloride). Thioresorchi melts at 27^ and boils at 243**. Its alcoholic solution 
xbrms with lead acetate an orange-coloured precipitate, with copper salts a green, and 
with silver salts a light yellow precipitate (0. Passchke, J, Ckcm, [2], ii. 418). 

TnOBVUBOOAUAVIUllB. See TfilOAinLiHB (p. 1164). 


TBIOTUUnTe A sulphuretted compound obtained as a secondary product in the 

preparation of leucinitril by Thudichum’s method (p. 736). 

TBZOTO&VlBXirB, ^ rG^H«Nl^)^S (Merz a. Weith, CJmi. 

Get* Ber, iv. 384). This base is prepared, like thioanilino, by heating toluLdino and 
sulphur together, with addition of litharge. It crysUdliscs from alcohol in largo 
(Kilourless laminae resembling naphthalene, dissolves easily in ethor and in alcohol, 
sparingly in water, whether cola or hot, melts at 103*^ to 103‘o**. It unites easily 
with^adds, forming well-crystallised salts which are decomposed by a large quantity 
of water, still retaining a strong acid reaction. The hydrochloride^ C^^H*”N^S.2HCl, 
cxystallises in long, colourless, nighly lustrous, anhydrous prisms. Blatinio cMoridc 
throws down from its concentrated solutions slender yellow needles of the salt, 
C“H**N*S.2HCl.PtCP. The evlphate, C*^II'•N*S.H,®SO^ is thrown down by sulphuric 
acid from alcoholic solutions of the base, as a dazzling, white, anhydrous pi^ipitate. 
It is decomposed by boiling water, with separation of the base, but crystallises from 
water addulated with sulphuric acid, in wavellitic groups of needles containing 
2 mOls. water of crystallisation. 

Hot concentrated sulphuric acid dissolves thiotoluidine, forming a solution ‘which is 
nearly colourless at first, but afterwards becomes malaga-browii. Acid solutions of 
the base heated vrith oxidising agents (as ferric chloride, potassium dichromato, 
potassium dilorate, and hydrocliloric acid, &c.) are coloured first yellow, then brown- 
red, then raspberry-red, and finally deposit dork coloured floexs. Chlorine-water, 
even in the cold, colours them deep yellow-red. 


nrrMOQVZnroarSv C'«H'*(02)''. See Ththol, under Puibnols (p. 036). Lalle* 
]iwd*s ((P^H*^0*), produced by mixing tho alcoholic solutions of th 3 rmoqui- 

none (thymml) and thymohydroquinono (tbymoilol), is in reality thymoqninhydrone, 
(thymoquinono) + C^^H**(OH)* (thymohydxoquinone). See 
further, €^m,SQe. J. [2j, ix. 360-354. 


I (Carstaigen, J. jpr. Chem, [2], iii. 60]. When thymo- 
quinone is heated with two molecules of bromine under water till tho smell of bromine 
m no longer perceptible, a clear dark red oil is formed, which, after repeated washing 
with cold water, speedily solidifies to a bard yello'v^h-zed crystalline moss, consisting 
a mixture of mono- and di-brominated thymochinone. 

Bihromothymoquinone, C*®H‘«Bi»(0“y'.— The crystalline mass dissolvee with toler- 
able facility in boiling alcohol, the solution depositing, as it cools, an abundance of 
fine, lustrous, pale yellow Umiiue, which are obtained p^ectlp pure b;|^ wadiiog with 
cold alcohol. In the diw state this substance forms extremely light, shim&gi'pale yelluw 
iMHitua resembling chfpranil. It melts to a pale yellow liquid at 73'‘6f« Pn espnare 
to Ught it gradnally assumes a reddish colour. When it is treated ^th tin and hy^ 
chbno aicia, the group (0*)'' is oonverted into (0^)** the bromine being . at the, ssise 


Dinone is pi 


time diiplaoed by hydrogen, so that norma 
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Ozythyn^uSsono ctystalliteg from hot alcohol, in which it is eanW Mluble, in per- 
fectly rognlnr rhombic tables, the angle* of which approximate to those of the imbe. 
and from ether in ipregiilar crystals having curved faces. It molts at 187® (uncozr.) 
in tube, and sublimes without decomposition in splendid glittering scarlet 

A? the accumulation of clectrouogative groups, the hydrogen 

of the hydroxyl is not displaceable by acetyl, the substance being unacted upon by 
acetyl chlondfl.^ On the other hand, this hydrogen is readily Ssplaccd by basic 
rocUcals. Os^thymoquinono is converted by ethyl iodide at 100® into ethoxythyme^ 
jMWiww, C*®H**(C*H*0)(0®)", which sublimes completely in golden-yellow laminm. 
Aniline in alcoholic solutiou also^ acts immediately on a solution of oxythyraoquinone ; 
the liquid assumes a dark piu'plish-browu colour, and* after evaporation tlie residue 
yields, by sublimation, beautiful violet needles having a brilliant metallic lustre, 
melting to a piirplo liquid above 200® and dissolving very freely in alcohol. 

Ox 3 dihymoquiiiono is not easily acted on by reducing agt^nts. On warming it with 
tin and hydrochloric acid, oxythymohydroquiuono, C'®li"(OH)», is produced. This 
body is a white crystalline mass, esisily soluble in water, forming a solution whidi 
instantly turns yellow and deposits oxythymoquinono on exposure to air, 

JHoxythynwquinone, C‘®II»>(H0)®(0®)", is formed wlmn dibromothymoquinone, 
moistened with alcohol, is dissolved in warm potash- ley, andthe dark-brown solution is 
decomposed by dilute acids. The brownish-yellow flocks thereby thrown down, after 
being washed witli hot water, dissolve in warm alcohol, which deposits crystals on 
evaporation, always cont^iminated, however, with a brown resinous substauco, 
difficult to separate. The pure substance has not yet been analysed (Carstanjen). 

TZOZiZO ACZDf An acid obtained. from croton oil (p. 395). 

TXXr. JDUaggregathn hy Cold. — Blocks of Banka tin, exposed to the air at St. 
Petersburg in the cold winter of 18G7-68, swelled up, and acquired a Abro-crystalline 
structure, and were partly broken up into fragments of the same structure, partly 
crumbled to a granulo-erystolline powder. The cavities in the interior were lined 
with a metallically lustrous film, while the crystalline fragments themselves appeared 
dull (Pritzscho, Pogg. Ann. exxvi. 17G). A similardisintcgration was observed in nearly 
pure block tin, containing only 0’3 p.c. foreign metals (lead and iron), which was sent 
from Botterdam to St. Petersburg by rail during very cold weather in 1371 (Oudemans, 
Imiit. 1872, 142). 

Accoiding to P. Lewald {DingL poL J. exevi. 369} it is only block tin that disinte- 
grates at low temperatures, the effect being due to the strong tension of . the eirternal 
parts produced by the previous casting and sadden cooling, this tension increasing as 
the temperature falls, and finally leading to disruption. 

On a pemdiar state of the molecules of tin, see further, Fritzsche {Ann, Chm, Phyt, 
[4], XXVI. 321), 

Specific (7ravify.->-Bamtnel8herg {Deut, Chem. Get, Per, iii. 724) found the specific 
gravity of toe disintegrated tin described by Fritzsche to be 7*196 after fusion it 
rose to 7*310. The specific gravity of previously fused tin is, according to the accor- 
dant experiments of several observers, « 7*2906-7*299, whereas W, H. Miller (Berg, 
JaJireab, xxiv. 1 38) found, for tin deposited by electrolysis in quadratic crystals, a specific 
gravity 7*178, which, however, rose after fusion to 7*293. Bammelsberg also found 
the specific gravity of tin r^uced from stannous chloride by a feeble current to be 
7*143 to 7'188, whence ho ipfers that tin is dimorphous. After fusion it has a still unde- 
termined, psihm regular form, and in this form a spemfic gravity of 7*29 ; but 
exposure to form passes into a quadratic form, ivhich the tin likewise assumes 

when rodiwia^ia the wot way, and in this form it has a specific gravity of 7*14-7*18. 
The deoxsa8i^^f,^iqide of too last-mentioned form by hoot is hereby explained. 

The iM# of by toe ice-calorimetor (p. 696), is for cast-tin 

0*569, for aliotcopfc tin 0‘646 (Bunsen).; > 

^pscfni.~Tho oompoimds iff to a hydrogen-flame a blue colour 

which may be ascri b^ to stahuic oxidO; The nucleus of this flame consists, however, 
oftwoconeontriC cylindeis. The inner, which is nearly cold, is blue with chlonde, 
green with b^ide, yellcw with iodide of tin, and alimys givesacontinuqiujpec^m, 
It is SuiToffiided by a Somewhat whrmet carmine-red sheath, the spectrum of which >s 
reduced to e line and an indistinct band, the former bmiw am toe. 

^nd lithium lineW’ Bromicle of tin in a ock)IW flame prepuces m eAtaW 
tolour, with eontiniiQiiB spectriiin (Saleh Cowpt, tend, Ixxiii. 862 ; 
u,ii47)*- 

CfW/. ifffprCtl, XXX. 821>. 
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Aetton qf Xitiio Aeid,-^. Hay {Chm. ASriof,‘xxu. 298) obsems that pioaes of tin 
about the aize of pfau* faeada diaaolTO alow^y at 2^2*’ in pure nitric acid diluted mth an 
equal Yolttiue of vraterp ibmiing a perfectly clear yellow aolution which becomes colour- 
less when gently heated and deposits metastannic hydrate on boiling. W. L, 
Scott {0id, 322) states that he observed this fact some time ago, and adds that the 
separation of metastannic add takes place at temperatures above 6^ or oven lower, if 
the adution be exposed to a bright lighU 

Separation rf Tin fnm other Afstela.— To separate tin from arsenic an^ anti- 
mony, F. Vf. Clarke {Zeitschr. anal. Chm. ix. 487) boils the mixed solution with excess 
of oxalic acid, and passes h^rogen sulphide into the liquid to saturation. The 
arsenic and antimony are said to bo thereby completely precipitated, while the tin 
remains in solution. To separate tin from molybdenum, the solution is mixed wltli 
excess of alkaline sulphide, the resulting sulphur salts decomposed with hydrochloric 
acid, and the predpitated sulj^ides of tin and molybdenum boiled with aquooas oxalic 
acid, which dissolves only the tin. If the tin was originally present as stannous salt, 
the resulting stannous oxalate must be dissolved in dilute hydrochloric acid. 

To estimate the tin in the oxalic acid solution, ammonia is added in excess, then 
ammonium sulphide in sufficient quantity to rodissolve the precipitate first produced, 
and finally the liquid is supersaturated with acetic acid, and left in a warm place. 
The resulting piedpitate of stannic sulphide and oxide is washed with ammonium 
nitrate, ignited and weighed. According to G-. C. Wittstein {ZeUitGhr. anal. Ckem. ix. 
490), the mode of sepezation just described is worthless, at least as applied to the 
sepw^on of tin from arsenic and antimony, the precipitation of these two metals 
betng^eiy incomplete, and a considomble portion of the tin being precipitated with them. 

For the separation of tin from antimony, see also p. 97. 

The separation of tin from tungsten may be easily and completely effected by 
fusing a mixture of stannic and tungstic oxides with potassium cyanide in a porcelain 
crucible till the stannic oxide is reduced. The fused mass is lixiviated wiUi water, 
the liquid filtered to separate the tin from the potassium tungstate, and the tin is 
washed with hot water, oxidised with nitric acid, and weighed as stannic oxide. The 
tungstic acid is best determined directly, after the potassium cyanide has been decom- 
posed (J. H. Talbutt, Deuti Chem. Ges. Ber. iv. 279). 


Gbloiidasa When chlorine not perfectly dry is passed over heated metallic tin, 
there is formed, in addition to anhydrous stannic chloride, a small quantity of a white 
crystalline sublimate having the composition SnCL^.SH^O. If a very small quantity of 
water be added to this compound, or ft bo allowed to delii^ucsco, sulphuretted hydrogen 
pferipitates the ordinary yellow stannic sulphide ; but if it bo dissoWod in a 


entity of water, a yeuowish-browa precipitate is produced by the same reagent, 
'^is may be attributed to the formation, by the excess of water, of metastannic 
chloride, tiie solntioD of which the yellowish-brown metastannic sulphide is 
precipitated by sulphuretted hydrogen. Metastannic chloride is also produced 
when water is added to ordinary stannic chloride. This change is prevented 
by free acid, especially if water be not pi^iit in great excess. On ^ssriving 
several quantities of the same sample of tin in ntfro-murio^ act'd, and subsequently 
docomposing inth sulphuretted hydrogen, stannic sulphide differing in colour was 
produrod, probably in eonsequenoe of the formation of variable quantities of meta- 
stannic sulphide (H. Scheerer, J.fr. Chm. [2], iii. 47)* 

CA/crc6romtdcs.~When bromine is added by drops to stannouC chloride, fhe 
violence of the reaction being moderated ^ cooling, it is found that to convert the 
w^le of the stannous chloride into a stannic oompound, 1 mol. bromifihjjBl^} hlust be 
i^ded for each molecule of SnCl*. The product is a yrilow, strong^ fc^lanli^m 
likving a very high spedfle gravity and easily decomposed b/^ter. ' 
it bbjQpns to boil at 130**, the temperature slowly rising to 190^ ht whleli 
pass over. Products of constant boiling point have not been obtained^ {mt ahaly^ 
sbowed that the hij^er^boiling portions 1rttre .comparativoiy rich in broint^^ 
lower in dilotine^ the reaction perhaps taking ^e hs shown 1^ thn equntiOg f; ; ^ 
.2SnGl* +; 2Bi* m + -SnOPBr 

and JMiidn.. ^nUone front the' San JacbtO nl^/in:^ 


where it oocori in amaU f 
and qtt^^ has beeh. analysed 
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Twin crystals of tinstone from tho granite veins of S. Pieio, in Elba, are described 
by G-. vom Bath {Jahrb.f, Min, 1870, 890), who farther remarks that only one otlier 
occurronce of tinstone in sporadic crystals of this kind is known, viz. at- Chesterfield 
in Hassachnsetts. 

A block of so-oallcd * Jew’s tin,' or *Jews’>house tin,’ from Tromethack Moor in 
Cornwall, was found to bo partially covered with a hard, brittle, brown crust, con- 
taining^O p.o. stanuic oxide, with small quantities of metallic tiu, stannic chloride, 
ferric oxide, and silica. This crust somewhat resembles tlio native variety of stannic 
oxide called ‘ wood-tin,’ and has probably been formed by tho slow oxidation of the 
outer surface of tho block (J. 11. Collins, Ckeni, News. xxv. 271). 

On the supposed crystallisation of stannic oxide from fused inicrocosmic salt, see 
Phosphatbs (p. 97fi). 

On the reaction of stannic oxide with phosphorous chloride^ sec p. 976. 

Metastannic Acid , — According to A. H. Allen {Ch&m, Soc. J, [2], x. 274), tho 
properties of this acid are somewhat different from those ordinarily assigned to it 
(v. 820). When the mctastiinnic acid prepared by treating tin with nitric acid, and 
washing, is boiled for some minutes witli a moderate quantity of strong hydrocliloric 
acid (sp. gr. 1 '1 1 ), a certain quantity of tin is dissolved, and, on adding a li^or quantity 
of hydrochloric acid, almost compluto dissolution takes place. The residua exliibits 
tho propertioi? commonly assigned to metastannic acid, excepting tliat ite aqueous solu- 
tion is less inclined to be precipitated by an excess of hydrochloric acid, Tho liquid 
poured into cold water gave at first a prccipitato of stannic sulphate, but soon after- 
wards a precipitate of orthostannic acid. Commercial stannic acid (free &om lead) 
dissolves only partially in strong sulphuric acid. 

St annates. —-V. H. Vaughan (peut Clum. Ges. Ser. v. 396) prepares Uie stannates 
of tho alkali-metals on tlie largo scale by treating tin-clippings with caustic potash 
(or soda-ley) of sp. gr. 1-2, decanting tho liquid, pumping air (or oxygon) through the 
vessels containing the metal, pouring tho decanted solution again upon tho metal, and 
repeating this treatment till tho greater part of tlio alkalino liquid hius been converted 
into a tin-solution. The reaction may bo accelerated by gently warming tho liquid 
and hflciting the air which is passed over tho metol. 

Compound of Stannic oxide with Acetic ojriflfe,— -When 2 pts. of acetic oxide and 1 pU 
of motastannio acid, dried at lOO® ai-o heated together for two or three hours to 160® 
in sealed tubes, a syrupy liquid is obtained, which solidifies, on cooling, to long 
needles having, when pressed and dried in a vacuum over quicklime, the composition 


SnO* I ^ ]** washing with pure other and drying in a vacnnin, the 

crystals exhibit the composition SnO* 1 03^*0 When exposed to the air, they 
are converted Into an amorphous gliisay mass having the composition SnO».0*H»0*OH 
(Jjaurence, Compt, rend. lauv. 1624). 

VZir-KAJDZGU8. OBGASTIG. 1. BtwmotliyU (Lodenburg, Ann, Ch, 

Suma. Tiu. 60; ifeni, Oim. Get. Bar. iii, 853, 647). 

Sofe*!!*)*! is nrepared by acting on 100 grams of sodium stennate contaniing 14 p.c. 

5n a flask nrovided with a reversed condenser. 


water-bath and finally to 160® in an oil-bath, and after the fiask has ^led the con- 
teiita in^a «md-l>ath. In this irjy n ptMnet w ottainri coMWfa^ rf 


stattnotzietim iodide and stannotetrotnyi, waiuu — — t- 

tiiethvl id&is by A. aetibn of hydriodio mad, just “ 

Mtton of hydroeWiric (r. 882 ). 
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Stannodiethffl pAloridt, Sq( 0*H*)*01*, ift obtained by passing chlorine into a 
solution of stanhotriethylin chlpioformt or better in carbon tetrachloride, and remains, 
after evaporation of the solvent^ in beahtifhl silky crystals urhich, after drying over 
sulphuric acid, melt at 86^ (at 60° according to Cahours, v. 827). The iodide, 
formed ftom it by precipitating with ammonia and dissolving the precipi. 
tato in hydriodie add, melts, according to Ladonburg, at 44*6° (at 42° according to 
Frankland, y. 827). 

The formation of stannodiethyl chloride from stannotriethyl and chlorine lb repre* 
sented by the equation : 

- Sn«(C*H»)« + C1‘ - 2C®H'‘C1 + 2Sn(C*H*)»Cl«. 

To ascertain -what might be the first mode of action of the halogen, Ladenbnrg added 
1 mol.' iodino to 1 mol. Sn*(C*H*)*, avoiding rise of temperature, and found wat the 
action took place as shown by the equation : 

• Sn*(0*H»)« + P « 2Sn(C*H»)»I. 

The production of the compound, Sn(0*H*)^I, by decomposition of stannotriethyl with 
iodine (Cahours, y. 829), is regarded by Ladenbnrg as doubtftil. Stannotriethyl, 
treated with halogens, pitxlncea in fact only bodies of the type SnX*, the union between 
the two tin-atoms being first dissolyed, and then the ethyl group replaced by halogens, 
a mode of action by which tin is essentially distinguishtri from carbon and silicou. 
Stannotriethyl, heated with strong hydrochl<mc acid, giyes off inflammable gases, and 
an oil .'grhich solidifies, on cooling, to a mass which melts at 83°, and appears to bo a 
miafg^jof Sn(C*H*)^Cl* and Sn(C*H*)*Cl, the former being produced according to the 

” SB>(Cra*)» + 4HC1 - 2Sn(C»H«)»Cl» + 2C»H* + H». 
Stannotriethyl, treated with stannic chloride, yields stannotriethyl chloride and 
metallic tin : 

2Sn*(C>H»)« + SnCl* - Sn + 4Sn(C*H*)*Cl. 

Biannoiriti'hyl othylate^ SnfG^H‘)*(OG^H"]|, is foiled by the action of sodium 
ethylate on stannotriethyl iodide, the mixture being ultimately heated to 200° with 
leyenod condenser, and itien distilled out of contact with air. It is a colourless liquid 
haying a yeiy unpleasant odour, boiling at 190°->192°, Imrning with a bright flame 
and separation of Un, and separating fdlvor from an alcoholic solution of tlio nitrate. 
Sp. gr. si *2834 at 0°. Treated with iodine, it yields two compounds, one boiling at 
240°, the other at a higher temperatnre. With water it forms crystals having the 
properties of the stannotriethyl hydrate described by Lowig a. Cahours (v. 829). Thin 
nyorate boils at 269°-273°, melts at 43°, and changes when loft over sulphuric acid, 
the melting point rising by nearly 100° (Ladenburg). 

• gtannwmthjla. Ladenbnxg^s observations on the Btannmethvl-cqmpounds differ 
considerably from those gf Cahours (v. 832), according to which we action of methyl 
iodide on sMium stannide produces stann<^imetl^l or stannous methide, Sn(CU^^ 
and Btannototramethyl or stannic methide, Sn(uH*)*. Ladenburg, following too 
directions given by dahouzs, obtained, after distilling off the ether, only a few (^ps 
of residue (probably containing stanno-dimethyl), but found that the eWer distilled 


therefore altered the process so far as to heat s^ium stannate, con^ning 14 p.c. of 
tin, with three-fourths of its weight of methyl iodide, first in the water-lbath, then to 
120° in the oil^batb, and of^rwatds in the sand-bath, and subject the product to 
fractional distillation, whereupon it separated into stanq&tetrameWyL; sh4 
methyl iodide. - - 

Stannotetramethyl or St^annie Methide, Sn(CH*y, ioW^J ^7 

repeated fractional disUllarion over sodium) is a colourless liquid^ 
odour, insoluble in water, boiling at 78^ (at 140° Cahours), &yipg a 
at 0°, and vapour-density, obs. 6*00 ; ca^ V 6*16. \ 

StanHotrimethyl Iodide or 'Stannio lodotrimpthidei Sn(<^H*W.\ 
compound is obtained, more abundantly tlis[ii by' the process above ddmb^ by W 
action of 1 mol. iodine (I*) on 1 mol. stannous methide, SnCO*H*)*. ? It 
boiliugp jyo° iu^ ha4^ gr. of 2*1482 at .0°,; 24 W C 

Cafadtti^ it hiiijhi at 190° and has a sp. gr. of 2*I6,6 at 18^ Wto silT^ 
fiM. siiyelr lodidej afterwards metaUie-rilTer. . . 

according to the equation: ; 

■ ’4Sn(CH)»r.>^4«fa * 45al .+> +/8ai<C^ 

. jfe.is^vpoesibUi, ■.hhv«^>-'tha|. ;the::.oqm 

-•^nkahe^ and: iihe tbo:JBpri*i||p!^^ 

Bctko- of : scriit»i^.etl^dMie-htt'.'‘ctaimotrimc.tbyl>-lfldl^^ 
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quantity of gta»noiriu^h^l ethylaig, together with a large quantity of stannotetra- 
methyl, ftom which mixture only the latter can bo separam in tho pure state. 

mCTAVmxon ZROir> The following analyses of this mineral from 
Greensboroa^, North Carolina, have been collected by J. P. Lesley (iVoe. of the 
Afnerioan PhUoaopkical SooUty^ xii. 189): 1-3 by F. A. Couth ; 4 by J. ii. Britton ; 
6 and 6 by C. £. Buck ; 7 and 8 by A. A. Fesquet. 


Fb^)* 

46-91 

60*03 

TIO* 

2-63 

16-06 

Mu"0» 

Or-O* 

SIO* Al-O* CaO 
undetermined 

19 

MgO 

n-0 

X» 

79*78 

12-08 

0*28 

0-32 

0-75 

4-62 

0-13 

2-04 

— 

— 

84-27 

4-95 

— 

— 

— 

4-81 

0-24 

— 

1-66 

3-25 

82-68 

8-72 

0*42 

0-40 

1-89 

3-93 

0-17 

1-36 

— 

— 

81*30 

12-32 

trace 

trace 

1*04 

3-87 

0-64 

0-49 

0*34 

— 

83.42 

8-65 

0-12 

0-83 

1-50 

2-90 

0-76 

2-02 

— 

— 

79-14 

13*74 

0-69 

trace 

0-52 

4-60 

0-72 

0-54 

— 

— 


« InsolnUlo matter mixed with tho eeporated titanic odd. Traces o£ sulphur in 4 and G, of jdioa- 
phoroB In 7, of vanadlam in 8. 


Tho occurrence of titaniforous iron and magnetic iron oro in tho Senfzergriindel at 
Hinterhermsdorf in tlie Saxon Switzerland, is described by A. Stelznor {Jahrbuch, f. 
Mineralogies 1871* 630). The several localities of titaniferouB magnetite egnd are 
•enumerated by H. J. Buckart (t&frf. ix. 421). , 

TXTAXrznMC. On the Spectmm of titanium, see Troost a. Hantefeuille (Compim 
rend, Ixxiii. 620; Chem, 8oc. J, [2], 1147). 

On the separation of titanium from Niobium and Tantalum, see Bammelaberg 
{Chem, Soc, J, [2], x. 104). 

Titanio Oxide or Anhydrides TiO^. — On the isotrimorphism of this oxide with 
stannic oxide, see G. Wunder (J, pr, Chem. [2], ii. 206). 

Heated in an atmosphere of carbon monoxide, it ^ves up 4*7 P>c. oxygon, with 
separation of oavhon (J. L. Bell, Chem News, xxiii. 267). 

On Phoaphotitanic aeid^ see Phosfuatbs (p. 076). 

Cl*Ti— TiZiO 

TUanio OxyeKtorides Ti<0*CP | , is formed by the direct action of 

Cl*Ti— TinO 

oxygon on titanic chloride, TiGP (Troost a. Hautefeuille, J, pr. Chem, [2], 4, 208). 


TOBACCO* The physiological action of tobacco when used as a narcotic has 
been examined by Vohl a. Eulenberg {Areh. Pharm. [2], ^Ivii. 130 ; Chem, 8oo. J. 
[2], ix. 1075), with especial reference to tho constituents of tobacco smoke. From 
tho chemicM history m tobacco they conclude that its action cannot be attributed to 
the narcotine which it contains, and this conclusion they confirm by analyses and 
experiments of their own. , 

The amount of nicotine in snuff wfw found to be only front '0392 to *062 p.c.; in tho 
strongest tohaoco for chewing there was only a trace of nicotine, Md inothor B{^imonH 
of the same kind there was none at all, so Uiat nothing like nicotine-poisoning can 
result fiEom the use of these tobaccos. 

Tho gmfd re of strong tohaniso oontaining 4 •p.c. of nicotine was also analysed, part 
of it being bomed lU and part as cigars. The smoko was drawn hj an 

nspimtor, fixtt throu^ pSffim-solution to collect acids, and thon throiigh dilute 
sulphuric acid to collect bases. Besides this, the gases given off when cigars wore 
smok^ jjLitd These donsisted of oxygen, nitrogen, carbonic 

oxide, and mainih-gaa. , , , » , i ^ • 

The potash-solution Was found to have absorbed hydrocyanic, sulphydric, formic, 
acetic, prdpiouio. butyrie, valeric and carbolic acids ; the presence of caproic, camhc 
and Buccimo add wae doubtfiil, An <^y liquid coUected on 
potash^solurioh, solWiiled to a bu^ry mi«s^ and thu. ^hj“distdlod, at 


|inb a small qi^tity d 
benzene itself^and at hi 


uMw'bons of tho benzene-series, not, however, ihotuding 

Midi after pressure and serial reeiystalbsations ftom ether, had the form of nacreous 
icales melSng at 64 ^ 6 ® ; it boilS^above the range of the medial Aermmnetor, 

?ottnT>Hth and esamined 

V FdiUiia; ^ Ibi 1858/M9, 4«0). 

Tha Ainia ttf lia»B abaotlxtd tbs vhole 


series of bases of 
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the jpjridine series, vis. pyridine, C*H*N, picoline, C*H’N, luiidine, C’H'N, eoUidine 
C»BP »N, parvoUne, C»H»*N, coHdine, ntbidine, C»H»2r. and viridine, G^R»N. 

When the tobacco is- smoked in the form of cimis, the greater portion of the bases 
contained in the smoke consists of collidine, which appears to be identical with the 
base called aldeitydine by Baeyer Suppt. 82). The most minnto examination of 
the bases of totocco-smoke &iled to detect any trace of nicotine. All the volatile 
bases actually found, excepting ammonia and traces of ethylamine, belonged to 
the pyridine series ; but it is possible that pyrrhol bases may also be present. 

The fact that very strong tobacco, which can scarcely be smoked in pipes, may be 
used for making cigars, is explained by the abundant occurrence of the highly vomtilo 
and intoxicating pyridine in pipe-smoking, whereas cigar-smoking produces only a 
small quantity of pyridine, but a largo quantity of collidine. In general, pipe -smoking 
produces a larger proportion of the more volatile bases. 

To determine the physiological action of the bases contained in tobacco-smoke, 
Kulenborg a. Vohl made experiments with pigeons and rabbits on the action of the 
more and less volatile picolino or pyridino bases from tobacco-smoke, from Taraxacum 
officinale, willow wood, and Datura stramonium. From these experiments it appears 
that all picolino bases are very poisonous, and differ from one another only in tlio 
rapidity and intensity of their action. 

Vohl a. Eulenberg are of opinion that tlie disagreeable symptoms felt by persons 
beginning to smoke, and the chronic affections which occur in those who smoko t-o 
excesf^ as i^ell as the cases of poisbning from swallowing tobacco-juice, are due, not 
to nicotine, but to the pyridine and picolino bases. The idea that they were duo to 
nicotine originated in the fact that picolino bases having a high boiling point, such ns 
parvoline, resemble that alkaloid greatly both in smell and in physiological action. 

TOZhliini* (1«^ Suppl. 1090). This hydrocarbon is formed, together witli 

barium sulphate, by heating barium benzoate with sulphur : 

-f S - BaSO* + (C»H»)*. 


The tolane may bo purified by repeated distillation over finely divided lead, or by 
heating its ethereal solution with lend or copper, and rectifying. It is also produced 
by heating a mixture of benzoate and sulphocyanate of barium (Ffankuch, t/i pr. Chm. 
[21, iv. 36 ; vi. 113). 

Tolane dissolves with brown colour in fuming sulphuric acid, and when heated, 
likewise in ordinary sulphuric acid, forming tolane-sulphonic acid, the barium 
and calcium salts of whicli ore also brown, very soluble in water, and unciystallisiible. 
On heating either of these salts with potash, and adding hydrochloric acid to the 
fused mass, sulphurous oxide is evolved, and ether then extracts from the mass a brown 
oil containing benzoic acid and phenol (Liropricht a. Schwanert, Deut. Chem. Ges. Ber, 
iv. 879; Jamsh.f. Chem. 1871| 469). 


ToUui« iUeolioU is formed, together with benzilic, benzoic, and acetic 

acids, by the action of alcoholic potash on acetyl-^nzbin, C'^H"(C*H’0)0* (i. 659), 
(Jena a. Limprecht, Ann, €h. Dhami. civ. 89). It is not produced by fusing tolane- 
sulphonic acid with potash (Limpricht a. Schwanert). 

ToUum CbloiiAest Tciane tetrachloride, C‘*H>*C1*, is formed by the action of 
phosphorus^ pentachloride at 200° on chlorobenzile, G**H!^°0G1* (Isf iSi^pl, 306V Jn 
boiling alcoholic solution it is easily converted by sodinm-anudgam into tolane (Zinin, 


Skitachr.f. Chcin, 


, 74^. Tmtod in alcoh 


, [21, iv. 7m, 

two isomeric dichfondes, G**H**C1*, already described (p. 167)* one melting at 163°, 
the\other at 63° (Zinin). Limpricht a. Schwanert (too, eU,) state that they hava ob*^ 
mined the same two tolane dichlorides by heating 1 mol. toluylene (siilbena} to I7p° 
with 2 mols. phosphorus pentacbloride and a small quantity of the oa^ehtonao. 
Th^ confirm Zinin’s statement respecting the moltingjpoints and oolubilitaoB ol. these 
bodies and their reactions with sodium-amalgam, /nipy alsq find that bo^ ww 
. heated to 180° with alcoholic potash, yield tolane, together with potaMiun chlen^f 
that their ethereal solution when evaporated leaves the compound 
that each of these isomeric chlorides when distilled is partly- conveilmi into 
a tra^omatijon which likewise takes place on heating them ] 

iicetii(f ;idid and silver acetate, no acetylodorivatives tong thereby prodmw^ 

dth phosphorus pdntachloride yields yeUOwish nmleS malting at I 

* ... .... 


. malting at 160^, both of which aippeani; fir^ 
diteri^nati^^ £ata the domposltion C>*H*C1* (Limpricht a; B^wan^^ 

BrwmiaM. . T<dgiie; likewise foimt brdmino ^ 
C’OT»JJr*, one of which, mgwudliring iu scales and 
lieou descril;^ L^prieht A&hwan^ 
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liy Tm Baeh rf them, when heated to 170®-180® with water fat eeveml houie, is 
pertly emyerted into the other. By distillation the modification meltins at 64® is 
eonrerted into l^t which melts at 200®-20«®, whilst the latter, under the same oir- 
enm^iu^ undergoes scarcely any alteration. By alcoholic potash or sodinm- 
amlgam both modificabioos aro converted into tolane. When contiimouBly heated 
"WSiitT to 200® and above, both yield bdnzile, tolane, and hydrogen bromide. 
Heated to 120 with glacial acetic acid and silver acetate, they yield, together with 
bensnlo and tolane, white crystals of the compound C“H*®(C»H*0)Br, molting at 107® • 
but if the temperature is allowed to rise to 140®-160®, the only products aro bcnsile 
and tolane (Limpricht a. Schwbnert). 

TOUBUno, See next page. 

TOBVBBBp C^H* = This hydrocarbon is formed in small quantity, 

together with products of higher boiling point, by heating potassium phenato with 
potassium acetate (P&nkuch, J. pr. Chetti. [2], iv. 35). 

Oofiwysion %uto Cfcsol, — Toliieno treated with sulphuric acid yields two isomeric 
tolueno-Bulphonic acids, tho potassium salts of whicli, when decomposed by molting 
potash, yield the corresponding cresols, one liquid, the other solid at Quinary tem- 
peratures, melting at 34 '5®, and boiling at 202® ; 

C»H»SO*K + KOH s= SO»K* + C»H»(OH) 

(Wurte, Ann, Chim, PAya. [4], xxv. 108). 

Reaction with Iodine, — Tolueno heated with iodine to 250® yields hydriodie acid, 
benzene, a hydrocarbon boiling at about 140° (xylene?), benzyltoluene, 

(p. 183), and products boiling above 230°. The latter when distilled yield viscid 
hydrocarbons not yet examined, and a red solid residue, from which absolute alcohol 
extracts a red amorphous substance melting at about 100°, and having a composition 
represented by the formula (Schiitzcnbcrgcr, CompU rend. Ixxv. 1767). 

Axotoluenet This compound, discovered by Werigo a. Jaworsky 

(la^ Suppl. 285), has been further examined by F. Mclms {Deitt. Ckem, Gee, Her, iii. 
540), who confirms the previous statements respecting its melting point, solubility, &c. 
It dissolves easily in Aiming nitric acid, the solution after some time depositing small 
yellow crystals of a nitro-compound melting at 190'’5°. ^ It disrolves readily also in 
strong sulphuric acid, and is separated by water in its original state. It is soluble in 
water, alcohol, and dilute acids, but does not decompose carbonates. On mixing it 
with alkalis, the corresponding salts separate out, the sodium sidt in yellow leaflets, 
the ammonium salt in yellow needles. Azotoluono is easily dissolv^ by bromine. 
By ammonium sulphide or sodium-amalgam it is converted into hydrazotolueno. 

According to Petrieff (Zeitschr. /. Chem, vi. 264), nitric acid of sp. gr. 1‘5, added 
to azotolueno in a cooled vessel, converts it into mononitro-azotolueno, 
but if added, without cooling, it forms trinitro-azotolueno, 
C*«H»(NO*)»N and trinitro-azoxytolueno, C*‘H"(NO*)*N®0 (Is^. Sitffpl. 285). 


Axozytoluene, is formed in small quantity, together with azotblnone, 

by the action of sodium-amalgam on nitrotoluene in alcoholic solution. According to 


acids, and alkalis, easily soluble in alcohol and ether, decomposed by heat into azo- 
toluene and toluidine: W^ith strong nitric acid it forms nitro-denvatives. strong 
sulphuric add it is first dissolved, and aftorwdrds partially d^mposod. hrom its 
solution in Aiming sulphuric add, water throws down a red resinous mass. Bromine 
acts strongly on it, prancing bromazoxytoluene, C»«ir"BrN*0. which crystallises 
from ether in small light y^ow, tablets melting at 74® (Melms). 

lHydruotolytene^ is formed i^m hzotoluene or azoxy tolueno by the 

action of sodinm-amaltfain'Cfi! mnihOTiiiim sulphide. In contact with alcohol and nlr it 
is quickly reinddised to asotoluenoi and it is best propared by heating azotoluene to 
100° in sealed tubes ^th a saturated alcoholic solution of ammonium sulphide; it 
then Mpmtk hi crystifii iriiich h« pnnfl'd hy -rt* water (Melii^^ 

Hyd^otoluQne ifoms kiMei colourless plates or needles, which meltat 124 and 
uro tesolved at biidL temtioratures into azotolnene and toluidine. It is lutolublo in 
^t0F, eadly aoliilS^ in ether, and benzene; the solutions soon torn yellow 

fimm foitnatibu of sind on addition ci an acid this decompos^w tekea 

place imm^atelvfiielinaV S dw oxidation of an alcohpho solution of hyd^uu- 

toluene* 

^ ^ homdloftooa 
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with bensidinft, is formed by. the action of ealphnroiui ftoid on hydzaso* 

tolnene (Melme), or by dropping etrong hydrochloric or smphurie acid into an alco- 
holic eolntion of hjrdrazotoluene prepared with aodium-amalgam, the corresponding 
salt being then obtained ; hydrazotoluene prepared with ammonium sulphido does not 
meld it (Peirieff). The free base forms colonrless silvery lamines, easily solublo in 
boilinff water, alcoholi and ether; melting at 128^-120, and decomposing when strongly 
heatea (Fetrieff^. According to Melms, the crystals turn yellow or brownish on dry- 
ing and melt with brown coloration at 103°. 

with acid tolidine forms two salts, ono soluble in hot water and alcohol, 

the other insoluble ; the formula of the latter is The hudroehloride^ 

is easily soluble in water, insoluble in hydrochloric acid, ether, and 
fdeohoL Its aqueous solution forms, with platinic chloride, a yellow crystallino pre- 
cipitate (PetrieiF), dark rod according to Melms. The ^picraU forms reddish-yellow 
needles (Melms). 


BroBnotoluenen. 1. Monohromoioluenet 0*H^Br.CH*.-^Tho para- and ortho- 
modifications of this compound, which are formed simultaneously by the direct action 
of bromine on toluene (Is^ Suppl. 280), have boon further examined by Hiibner a. 
Betschy {ZeiUchr.f, Chem. [2], vii. 618). 

Parabromotoluene is obtained by repeated crystallisation from alcohol, and coreAil 
pressure, in splendid crystals melting at 28°-29°, and resolidifying at 28° ; it boils 
constantly at 185*2°. On dissolving it in 3 or 4 vols. of fuming sulphuric add at n 
temperature not exceeding 80°, it yields two isomeric bromotoluene-sulphonic acids, 
which may be separated in the form of barium salts. 

OrthohroTnotdlume. — To obtain this compound In the pure state, the crude liquid, 
forming about half of the total product of the action of bromine on toluene, was cooled 
down to —20°. On adding a few pieces of calcium chloride, some crystals of the para- 
compound separated. The liquid was poured off, and twice cool^ down for some 
hours to — when some more of the solid compound crystallised out. After seron 
fractional distillations, the liquid boiled at 183*2°, but it still contained a little of the 
para-compound, which was removed by acting on the liquid bromotolueno with a 
mixture of manganese dioxide, sulphuric acid, and glacial acetic acid, the pambromo- 
tolueno being oxidised to parabromobenzoic acid, whilst a part of the orthobromo- 
toluene was complete^ destroyed, resembling in this respect orthonitrotoluene, which, 
like the bromo-compounds, does not give on oxidation a substituted benzoic acid. 

Pure orthobromotoluene is a limpid liquid, boiling at 181°-182°, not acted u^n by 
sodium in the cold. On dissolving it at a gentle heat in Nordhausen sulphuric acid, 
it yields only one sulpho-acid. 

Dmochowsky {IkiU, Cheni, Geo. Ber. v. 338) separates liquid from solid bromo- 
toluene by repeatedly boiling the li<^uid expressed in the cold wiUi chromic Mid mix- 
ture as long as parabiomobonzoic acid is thereby formed. There then remains a con- 
siderable quantity of liquid bromotoluene, which is not oonvorted into an acid by 
oxidation. 


Metahromotoluene is prepared from motahromotpluidine by Griess*s method. The 
conversion of the metalaidino into diazotoluidine must be performed by small por- 
tions at a time, on account of the violence of the action. The liquid, perbromide de- 
composed with alcohol yields metahromotoluene in the form of a liquid of sp. gr. 
1*401 at 18°, boiling at 182°-183° and not solidifying at -20°. By oxidation with 
chromic add it is converted into a reun from which no acid can be extract^, ^miue 
convens it into liquid dibromotoluene. It yields three sulpho-acids, distinguished as 
a, i9, and 7 (WrobuTrify, jSdfscAr./. [2], vii. 609). 

Baralmmotolume dissolved in ether or in light petroleum oiUs cpnva 

■ . 896; Louguinin^ 


into ditolyl, (0*11’)* (Zincke, Ikwt. Ohm, Gee. Ber, iy. 8_^, . — „ 

Qrthobromotmuehe dissolved in light petroleum oil is not attaek^ by sodium 
ordinazy temperatures, but when a mizlure of equal volumes of orthobronv^umiom 
petroleum oil is heated with sodium to 50° for. about six dsyi» tidu^no is xto 
together wi& sn^er quantities of crystals^ and an oil distilling betwM 272* aim 
277*^ (Iib^inine). 

As sbdium acts strongly at 
not on the liqnld ortho-modiflcation, it may be 





altmd. Oj 
Orthobromotolueii^ 
orthoxylehe (JannuKsh A' 


J b«U at 

. _ Him 

neiri ZeiUfchr. M 
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JDiiromoiolitenet SeToral modifications of this compound 

have been obtained by Wroblevsky {Zeitschr J^ Chtni. [2], vi. 230 ; vii. 136, 209, 271). 
Bromotoluidine from solid (para-) toluidine iras converted into the aaoperbromido, 
C'H*BrN*Br*, and the latter was decomposed by alcohol. With alcohol of 80 p^j. 
orthobromotoluene was obtained ; with alcohol of 94 p.c. the product consisted of th^> 
fourths C'H*Br®, and one fourth C'H'Br. The dibromotoluene, C*H*BrpBr,OH*, tihus 
obtained is a liquid which does not solidify at -20® and boils at 238®-230®, Sp. gr. 
s 1’812 at 19®. By nitration, it yields a nitrodibiomotoluene, C’n‘(NO^)Br^Br„, 
which crystallises in beautiful needlra melting at 86®-87®, and when treated with tin 
and hydrochloric acid, is converted into a dibromotoluidino which crystallises in nacreous 
scales melting at 9d®» and does not combine with acids. 

Bihromotoluene, G’H'Br„Br,„, obtained by brominating orthobromotoluene, remains • 
fluid at —20®, boils at 236®, and has a sp. gr. of 1*8127 at 10® ; it is not oxidised bv 
chromic acid. The nitrodibromotolnene obtained from it crystallises in needles, which 
melt at 86®-87°i and yield a dibromotoluidino which separates in silky piismi^tic 
crystals molting at 83®. The same clibromotoiuone is obtained by the action of 
absolute alcohol on the perbromide, G'IPBr.N%-, from orthobromometatoluidine. 

When the dibremotoluidines prepared from metii- and para-toluidine are introduced 
into alcohol saturated in the cold with nitrous acid, they are converted into isomeric 
dibromotol nones. The reaction takes place in the cold, yielding nearly the theoretical 
quantity of dibibmotoluone, togeth er with aldehyde. The di bromotoluene thus prepared 
fiom motntoluidino is nearly insoluble in water and not very soluble in alcohol, molts at 
42-5® and boils at 239®. By nitration it yields a dibromonitrotoluono, C'H*Br®(NO*), 
crystallising from alcohol, in which it is not very soluble, in beautiful needles melting 
at dO®. The dibromotoluene propiired from i^ratoluiclino crystallises readily from 
alcohol in long needles, melts at 60® and boils at 241®. By nitration it yields a 
dibromonitrotoluene easily soluble in alcohol, and separating therefrom in prismatic 
needles which melt at 124®. These two dihrpmotolucncs arc isomeric with that which 
Fittig obtained by direct action of bromine on toluene at ordinary temperatures 
(Ifl^ SuppL 280), and with the two previously obtiiined by Wroblevsky (sttymx). 
Wroblevsky regains it as probable that the one obtained from paratoluidina has the 
orientation, 1:2:6; that from metatoluidine 1:2:5.^ 

Bibromorthotoluidine, C^H*Br'-^.(NH*)„, yields, by elimination of NH®, a. dibromo- 
toluene, G’II*Bi:*„, which has a sp. gr. of 1*812 at 22®, remains fluid at -20®, boils at 
246®, and smells like monobromotoluene. By nitration it is converted into 
C’II‘(NO®)Br*„„ whicli crystallisos from benzin in prisms melting at 79®. 

All the six isomeric dlbromotoluenes possible according to Kekule's orientation 
theory are Uieroforo known ; their properties are exhibited in tlio following table : 


Dihrom'otoluenes, 



C'H'Bt* 

MdUncr 

point 

Boiling 

point 

Spcxdac 

gravity 

0’H»Br"(N0*) 

m.p. 

C"H'Br»(NH“) 
m. p. 

From toluene: 

m— p 

1 ;8 :4 

107*— 108° 

246° 

— 

— 

— . 

From dibromo- 
paratoluidine : 

0—0 

1 : 2 : 6 (?) 

60* 

241° 

— 

124® 

■ 

73® (?) 

From dibromo- 
metatoluidino : 

0— m 

i:2:6(?) 

42-6° 

230® 


fiO® 

#0°(7) 

From orthobro- 
notoluene and 
orthobromometa- 
toluidine: 

o^m 

1 : 2 : 3 (?) 

liquid 

288°— 

289° 

1-812 
(fit 19°) 

86®~87® 

88* 

From dibio- 
morthof 
toluidine: 

1 : 8 : 6 

liquid 

240* 

1-812 
(at 22°) 

79® 

92*«°(7) 

From orthobro* 
looparatohildliie: 

1 ;2:4 

liquid 

287° 

1 

1-8127 
(a* 19°) 

86®— 87® 

96® 

fWim ortho* 




uehe wid decomposiDg the 
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TOLUENES (NITRO-)- 

latter vitb hydriodic acid. It is a light yellow liquid which boils at 200^, and has 
a sp. gr. of 1*607 at 20°. It is not converted into an ticid by boiling with chromic 
acia.^ By^ nitration it yields two nitrotproducts, one solid, the other liquid. The solid 
modification forms small, thin, yellow needles melting at 98°-90° (Beilstein a. Kuhl- 
be% Zeitschr, f. Chem. iii. 102). 

treating niercuiy-ditolyl with iodine, Dreher a. Otto {Ann. Ch,Pharm. cliv. 171) 
have obtained an iodotoluene different from the preceding and &om that which Komcr 
obtained W decomj^osing sulphate of diazotoluone (para-) with hydriodic acid (l5^ 
8upj^. 284). It boils between 200° and 210°, and solidifies in large rhombic plates 
smelling like anise, and melting a little above 20°. It dissolves easily in alcohol, 
ether, and carbon sulphide, and volatilises with vapour of water. 

(Moriidotoluenea , — Wroblevsky {Zdtachr, f. Chem. [2], vi. 164) has prepared two 
isomeric compounds, C’H"C1I, from the diazo-dcrivatives of the two chloiotohiidines. 
a-Chloriodotoliiono lioils at 242°-243°, has a sp. gr. of 1*716 at 17°, and does not 
solidify at —14°. /3-Chloriodotoluene boils at 240°, has a sp. gr. of 1*770 at 19*5° 
and solidifies at + 10°. 

Pai'a-wdo-orthobromotduenet C’H^I^Br., likewise prepared by Wroblevsky, by de- 
composing the diazo-compound of orthobromopamtolnidine, is a liquid which does not 
solidify at — 14°, boils at 265°, and has a sp. gr. of 2*044 at 20°. 

Ifitrotolnenea (Beilstein a. Euhlberg, Zeitschr.f, Chem. [2], v. 280, 521, 629; 
Bosonstichl, Ann. Chim. Phpe. [4], zxvii. 433-476). Para- and er^AenitrotoluGno are 
olttnined by the action of nitric acid (sp. gr. 1*475) on toluene. On submitting the 
prodxict to distillation, the whole of that which passes over nl)ovo 230° solidifies in tlio 
cold ; this is paraiiitrotoluono. When punfied by rocrystallisation from alcohol it 
molts at 51° and boils at 235°-236° (B. a. K.) ; melts at 62° and boils at 237°~238° 
(Roscu&tichl). It is almost insoluble in water, but dissolves readily in alcohol, ether, 
and liquid nitrotolueno. When pure it ]8 converted by the further action of nitric 
acid into diuitrotolueno, but when mixed with a large portion of tho liquid modificii- 
tion, it is oxidised by nitric acid (Itosenstiehl). 

Orthonitrotolmne .* — According to Beilstein a. Kuhlberg, this liquid modiflcii- 
tion may be completely separated from paranitrotoluone by repeated rectification ; ac- 
cord ing' to lloscnstiehl tho separation is never complete. Beilstein a. Kuhlberg also 
pTOpiro this modification from dinitrotoluene by converting this base into nitrotolui- 
clino, and the latter by treatment with nitrous acid in presence of alcohol (Gricss’s 
method) into mononitrotoluene. Orthonitrotoluene thus prepared boils at 222°-223°, 
has a sp. gr. of 1*163 at 23*5°, agreeing therein with the liquid nitrotolueno prepared 
directly from toluene. According to Xtoseusbiehl, when purified as fiir ns possible by 
fractional distillation, ;t still retains 8*76 p.c. of the solid modification, and the liquid 
so far [lurified boils at 219°-220°. It is nos oxidised bv chromic acid mixture. It is 
tho modification analogous in constitution to Bosonstiehl’s pseudotoluidiiie. 

Motanitrotoluene is prepared by Beilstein a. Kuhlberg ns follows: When tho 
ncetyl-compoundof solid tolaidine{acetotoliiido)iR added by small portions to well-cooled 
nltnc add of sp. gr. 1*476 as long as any action is perceptible, tno liquid poured into 
snow, and the precipitate, after wfishing with water, rm^eatcdly crystallisM from hot 
water, nitroacetotoluide, 0*H»(NO*XNH*.C*H»O)CH*, is obtained in splendid 
lemon-yellow, pla^ needles melting at 92°. By treating this compound with alcoholic 
potash, predpitating with water, and recrystallising from alcohol, 7-nitrotoluidlne, 
C'H”(KO*)K, is obtained in small red prisms melting at 1 14°. Lastly, drenching 
this romp^rand with strong nitric add, passing nitrous acid into the liquid, andfhrthtf 
treating it according to Griess’s process tnetanitrolu one is obtained as a liquid 
having a 8p.gr. of 1*168 at 22°, boiling at 24b°-331°, sdUdifying in a freeing mixture, 
and then melting at -1- 16°. By oxidation with chromic acid mixture it is Sadly con** 
verted into (ooEdinary) metanitrobenzoio acid. 

piUitrotoluene^ CTOWO*)*,— By prolonged adtation of metanitrotolusAA 
venr strong nitric add, 7-dxxiiteotoluene is obtunedTn long, slendei^ colourless wed]^ 
melting at 60°^ 100 pts. of carbon mlphide at 16° diasdve 219 pts. of thU 
Ordinary dinitrotoluene^ ibrmed by beating toluene vdth ibmiim nitde add pr 
it with a miztnre of str^ nitric and srdimnnc adds (i 6t6>i £aa the Sama 
butmelteatrO-6®.'^;; ' 

Trinitrotoiuene, is obtained by bd&iig toluene iritii * tthElw 

V fnming nitric and stdj^uric adds* It forms wh^ u much liKerdldh^ 

toluene* melting at easily soluble in dhmr ah^d^^^ 
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posed by hot ftlkalis than the dinitro-compound (Wilbrand, Aim, Ch. PAarm, cxxviii. 
178). 

The same compound (b. p. apj^ars to be obtained by boiling motanitro- 

toluene with fuming nitric and sulphuric acids; 100 ptB. of carbon sulphide at 19® dis- 
rolvG 0*236 pt. of it. By the action of ammonium sulphide it is converted into nitro- 
nitrotolylcne-diamine, C’H*(NO*)(NH*)*, and dinitiotoluidine, 
C’ffCNO^NH* (Beilstoin a. Kuhlborg). v a 7 . 

NiTnonaoMOTOLUHKBs, C*lI*Br(NO-).— Accordinp; to Wroblevsky a. Kurbatow 
(^tiwAr./. Ckm. [2], vii. 166), solid bromotolueno yields by nitration two isomeric 
nitrobromntoluenes. n-Nitrobronioioluene crystallises from alcohol in long needles, 
melts at 43®, boils at 266°-267°, and yields a liquid bromotoluidine solidifying at — 2®. 
P-NUrobromotoluene is liquid, boils at 256®-266®, does not solidify at —20®, has a 
Bp. gr. of 1*631 at 18°, and yields a solid biomotolmdine melting at 67®. 

Heynemann {Zdtsenr, /. Cimn. [2], vi. 402) obtains papabromometonitrotoluene, 
C’H*Br,,(NO*)*, by converting ordinary dinitrotoluone into nitrotoluidine, the nitrate 
of this base into diazotolueno by the action of nitrous acid, and decomposing the 
sulphate of diazotolncne with hydrobromic acid. It dissolves easily in ether and 
carbon sulphide, melts at 43®, boils at 2o6®-267®, agreeing therein with Wroblevsky’s 
a-nitrobromotoluene ; but the pambromomotatoluidine prepared from it diflS*rs from 
Wroblcvsky’s a-bromotolnidine in being solid at ordinary temperatures, and melting 
at 30®. This bromotoluidine dissolves in 11 1*1 pts. of water at 17°. 

NiTBoniCHLouoTOLxiKKK, C'H*(NO*)Cl*, prepared by nitration, of dichloro- 
tolueno (b. p. 196°-200°), solidifies completely at low temperatures like nitrobenzene, 
boils at 274°, and hiu a sp. gr. of 1*455 at 17°. By reduction it yields diehloro- 
toluidino, C^H*(SI1")C1*, in dazzling white elongated laminae melting at 88® and 
boiling at 260® (Wroblovsky a. Pirogow, Zdtichr.f. Chem. [2], vi. 164). 

Kitboiodotolukkk, C^H-^NO*). or C«(CH>)HHI(NO*)H, prepared like the 
corresponding bromine compound, is a faintly yellowish, well-crystallised compound, 
which dissolves easily in ether and curlmn sulphide, melts at 60*5° -61®, sublimes 
oven at this temperature in slender capillary cryshils, and be^ns to boil with decom- 
position at 286°. By reduction with tin and liydro^loric acid it is converted into 
paraiodorthotoluidinc, which forms colourless needle-shaped crystals, melts at 
48°-49®, and boils with rapid decomposition at 273® (Heynemann, he, dt.) 


TOXiinBNSSVXiPBOVXC AOXD, C^H*SO’ » (^"°?<^lhardt a, 

rjatschinofir, Zdtschr,Jf, Chem, y. 617 j AnnaWolkow, ibid, vi, 321 ; JaJiresh.f, Chem, 
1870, 741). Two of these ucids, the para or a. and tho ortho or $ modification, are 
formed by heating toluene on the water-bath w'ith au equal weight of fuming sulphuric 
acid. They are sopamtod by converting thorn into potassium salts, the a salt first 
crystallising out pure as tho solution cools, and the mother-liqnor on furtlier concen- 
tration yielding a second crop of tho a-salt mixed with nodulos of tho ^-salt Engel- 
Iktirdt a. lAtscmnoff separate theso salts by sifting, the more solublo ^-salt passing 
through with the mother-liquor. Wolkow picks out the crystals of the a-salt, 
reciystallises tlio remainder, again picks out the a-salt, &c., and finally reciystallises 
the nodular IB-sedt. 


The potaedium taU, 


Tolaenapanumlplioalo aoioi « 

C'H'KSO* + H*0, crystallises in large, long, six-sided tables and prisms, or by rapid 
cooling in long needles. It dissolves in hot alcohol and crystallises therefrom in 
needles ; the crystals efSorosce on exposure to tho uir (Bngolharat a. lAtschiuoff). On 
fusing it witli potassium hydrate, and decomposing tiie mass with hydrochloric acid, 
it yields paraoxybenzoio acid— as previously observed by Barth with crude tolueno- 
Bulphonato of potassium (Jkut, Chem, Ges, Ber, ii* 628)— together witli paracrcsol 
(■Wblkow). 


The ot£m salts are prepared by liberating the acid with sulphuric acid, dissolving 
in alcohol, and neutralising. The eoditm taU crystallises from alcohol in sinning 
leaflets. Tho hmum ult^ (0^’SO')*Ba, is soluble in botiing ideohol, andc^stallises 
tberofrwn in shining leaflets. The oaldum oak crysteUiaes fiteai alcohol in needles. 
The lead sott dis^ves easily in water, and c 

(Bngrihudt a. liS^inofi)* 


lystauises XTOm wcoaoi in Hwuiw. 

Uisei in nodular groups of needles 
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Tolueneparaaulphainide, C’HVSO^NH,)-. is formed by gently heating tlio chlo- 
ride with BtiDDg aqueous ammonia. It crystalUses from water and alcohol in shininp 
laminae, melting at 137*^. It possesses acid properties, dissolves in aqueous ammoniii 
and potosh more easily than in water, and is not decomposed by strong aqueous oi 
alcoholic potash. When evaporated down with aqueous potash (1 mol. of the amide 
- to 1 mol. £HO} it forms a compound which may be dissolved out by alcohol, and 
crystallises on evaporation in silky needles (Wolkow). 

The voratoZtii^ of tho a-acid, C*H'[SO“(1 sHG’H0h],i» « formed by the action of the 
. parasnlphochloride on paratoluidine, these substances being heated together on the 
water-bath till the reaction is finished, tho product boiled with water containing 
hydfiochloric acid, and the residue crystallised from alcohol. It forms large shining 
crystals melting at 117^, and slightly soluble in water (Wolkow). 

Tolueneparaaulphobeugamidet C’n^[SO*NII(C’II*0)]y, is formed by tlie action 
of bensoyl chloride on toluenoporasulphamide at IdO'^-lfiO^. The product, purified by 
treatment with ether and recrystallisation from boiling alcohol, forms fonr-sidod 
transparent flat prisma or needles, melts at 147°-150°, dissolves ^sily in boiling 
alcohol, sparingly in cold alcohol, very sparingly in ctiier and in boiling water. Tho 
solutions have an acid reaction, and decompose carbonates. Silver nitrate and barium 
trhloride form white precipitates with tho ammoniacal solution. The potassium salt^ 
C^II'[SO*N]^C’H*0)Jp, crystallises from boiling alcohol in Inminm. The barium saltf 
(C'H.')*[S0‘'N(C’H*0)J*Ik4, is slightly soluble in water, and crystiillises therefrom in 
stellate groups of needles. The calcium salt, (C^H7-[SO'^N(C^H*0)]sCa + H=0, 
crystallises in nodules easily solnblo in water and in alcohol. The sUver salt, 
C'H'[SO*NAg(C'H*0)T, is a •white precipitate nearly insoluble in water, easily 
soluble in ammonia. The ammoniacal solution when left to evaporate yields needles 
of the argentammonium salt, C'lI’[SO=N(NH*Ag)(C'H*0)]^ (A. Wolkow, ZctVscAr./. 
Chem, [2], vi. 577). 

Tolucneparasiilphobonzamidc, treated with phospbonis pcntacJdoride, is converted 
(by exchange of IlOfor Cl)into the chlorinated amide, C’ir(SO-NC’H»Cl), which 
iriystjiUisos from ether and molts at 100°. This chlorinated amide is converted by 
water into tho original acid amivlo by exchange of Cl for HO, and by ammonium 
carbonate into the corresponding neutral amide, thus : 

C'H'.SO»NOWCl + (NH7*CO> « NH*Cl + CO* + n*0 + C*H*.SO*N(C*H'^NH»). 

This neutral amide ciystallises from alcohol, molts at 140°, is insoluble in water, 
aqueous ammonia, and alkaline carbonates ; caustic alkalis dissolve it slowly, with 
evolution cf ammonia (A. Wolkow). 

Tolueneparasulphosuocinamides, — Tolueneparasulphamide treated with sue- 
cinyl chloride yields two amides formed by the action of 1 mol. succinyl chloride on 
1 or 2 mols. tolueneparasulphamide : 


( 1 ) 

( 2 ) 


C*H*(SO*NH*), + C«H<0*CI» 
2C’HXSO*NH*)p + C*lPO*Cl* 


2HCI + C»IP[SO*N(C*H*OTl,. 

2IIC1 + (C'ir)*[(SO»NH)*(C»H<0*)'l. 

The first is an anhydride very slightly soluble iit other and crystallising there- 
from in four-sided prisms. It unites with ammonia, forming the monobasic 
^ ^NH-C'H*SO< 

sad. N*(C»H*SO*y(C«H«0*)''H» or C«H«0*C . wlioso salts have tho 

imposition N*(C>H»S05(CW0TH*M. It, unites also with fortning the 

N(C*H»SO*XC«H<0*)".H*d, wboB4 salts have tho cbmposition 

^6 soind aw^ is a bibasic add, which orystalUses from hot alcohol in 
nmM Its smution, in strong ammonia forms with siVwf' nitrate and 

«M«m«oirllMmlpliMUc MA (j»-acid). Th* pt^nm aMt of tW» «f 4 
W ths mannw alHody (p. 1.16?), ta fcr ttom paik A ety^ 

from alcohol in small laminm GontaiQii^.C*H*(SO*KH iiEH)k aid whd>-^ 
I^osphoniB pentaehlorido yiMn tha sdtd chloride oh^dy ^B(^bed and a 
heeted witii alcoholic po^wh, yid^^ 
latter the d-sdi. ciyda^ akdud la lamind, etu) ^ 
phorus pentaehlorido into tha^nid ddoride. Peifect&'pare 
ever, be prepi^ only by dmkxmpcMjig the d-ami«h^^ich cto be 6T 
from the Mmide^with mtibdi ^ ' * • 


fiom the Mmid^with nii^iki Jhp >acld ie theri^y 

may be prepared fioid it b^ 
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wiidifiei to a dj^talline mass on cooling. The following salte are extremely loluble 
in water and alcohol, and agree in their amounts of crystallisation-water with the cor- 
responding bromotolnenosulphonates : 


C’H'SO'K 

+ iH*0 

Highly lustrous laminee, resembling 
naphtlialone. 

C’H'SO^a 

+ iH*0 

Crystallises from alcohol in large, 
shining laminie. 

(CH’SC*)^ 

(0*H’SO*)«Ca 

+ 2H*0 

Non-crystalline powder. 

Separates from alcohol in small shining 
tablets. 

(C’m30»)»Pb 

-h 2H*0 

Separates from water in rosettes of 
Haminse; from .absolute alcohol in 
long needles, and is precipitated 
from the alcoholic solution by ether 
in small shining tablets. Gives oiF 
its water at 130°, and is then very 
hygroscopic. 


Metatoluenesulphochloridet G*H^SO*Gl, prepared from tlio potassium salt by 
the action of phosphorus pentachloridc, is a clear faiutJy-yollow liquid, having a pun- 
gent odour, not solidifying at —10°, insoluble in water, easily decomposed by heating 
It with water in a sealed tube to 130°. 

Meta toluene aulphydratCt C’H’SH, formed by the action of tin and hydrochloric 
acid on the 8ulphochlori<io, is a limpid, strongly refracting liquid, having a powerful 
odour, and exerting a caustic action on the skin. It docs not solidify at — 10°, is in- 
soluble in water, easily soluble in alcohol, dissolves slilphur and iodine, and forms 
sparingly soluble compounds with metals. 

Metatoliiene diaulphide, produced by boiling the snlphydrato for 

several days with strong nitric acid, is a yellowish oil which remains fluid at —12°, 
boils, with decomposition, at about 100°, is insoluble in water, but easily soluble in 
alcohol, ether, and xylene. Strong nitric acid converts it into a brown resinous 


Metatoluenesulphamide, C’H'SO*.NH*, obtained by boiling the chloride with 
aqueous ammonia, evajporating, and exhausting with ether, is a crystalline body inodo- 
xately 8(fluble in cold, easily in boiling water, very easily in .'ilcohol, other, and ammo- 
niacal water. From a slightly concentrated solution it crystallises nt low temperature 
in small threadlike forms, from a more concentrated solution at 30° in transparent, 
coSourless tables of the size of a square inch ; if the tempornture falls below 20°, the 
lint form appears. Melts at 01°-92°. 

The above-described characters of this sulpho-acid and its dcrirattves, especially of 
the (diloride and amide, show that it is quite distinct from para- and ortho-toluencsnl- 
]^iiie add, and must therefore he the m6ta-oompound> 


Vvla^iiadlaalpliAnle Acta. C’II*(SO'H)F » CH* 

(dim. CK Tharm, cxlir. 126) obtains an acid of this composition by heating toluene 
with Nordhausen sulphuric acid and phosphorus pentoxide for four or five hours to 
28Q°'. On opening tne tubes a large quantity of sulphur^ dioxide is evolved. The 
Rtolvn residue is Sssolved in water, and the solution is boiled and neutndised widi 
barium carbonate. By lading dc^hol to the concentrated filtmte, the barium salt la 
obtained as a white predpitate, having tha composition C*H*(OH*)(SO*)*Ba + 84H*0. 
The potassium salt is product by adding milk of lime to a solution of the crude 
acid and precipitating the calcium aalt with potassium carbonate. By rwrysUl- 
lisation, it 'is Obtained in short, weU-deflii^ prisms, having the oompdsibon 
C«IP(Cfl?i)(SO»)»K:* + H?0. ' . 

■By decomposing the barium salt with sulphuric acid, evaporatiug the filtmte, ftua 
eahahsting uie residue with a mixtfre of alcoltol atid ether, a solurion of 
is obtained, crystallising in a iracahm over sulphuric acid in soft microscQpm nae^es* 
The sUver salt, O^OH^SO^Ag^ + 2H*Q, is itomed by neutralising a bdiHng 
adtttioii of the add wjth diver P*lde ; it forms ycUpw crystalB. The cd^^itm 
a g^-like masa s ika mlt fonns vexy aolttWe needles. ^ 

By fiising the pbtasaihim mlt 'trith potoriiva^^ dtad Ishrcin, 

pRMtiioed. The letter melts at 8T®, bd'a at 2d6?* 

to a vadidto diyddlM ft ^ 

altohol, and ethdr. Isordn hm groat resmbl^o to ordui flrdu 
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diilen by |u reactions. Its solution does not assume a red colour when exposed to 
the air ; ferric chloride it yields a brownish-^en colour; it reduces ammoniacai 
silver solulions even in the cold, and gives, witli bleaching powder, a roirl colour 
changing gradually into yellow. In presence of ammonia and air it acquires a brown 
colour, but becomes colourless again on addition of acetic acid. 

Potassium toluencdisulphonate, fused with sodium formate, is converted into the 
potassium salt of isozylidic acid, C"H’(CH*)(CO^H)‘. This acid is almost insoluble 
in cold water, sparingly soluble in hot water, but readily in alcohol and ether, and 
forms microscopic cxystals. When heated, it begins to soften at 280^, but melts only 
completely at 878°. By sublimation it is obtained in yellowish well-defined needles. 
The barium salt, C*H^CCiI*)(CO^)*Ba + 211^0, is a yellowish crystalline mass ; the 
silver, lead, cadmium, and copper salts are nmorplious precipitates. 

'Two other toluenodisulphonic acids (a and $) have been obtained by P. Hakansson 
(Dent. Chem. Gee. Ber.v. 1084), by heating toluenemonosulphonic acid (which ?) with 
fuming sulphuric .acid to about 160^. Both appear to differ from Senhofer’s acid 
(y-acid). The following are the chief points of difference between the a- and jS-acids. 

a-Tolttencdieutphotiic chloride, G’H*(SO‘Cl)^, crystallises from ether in large four- 
sided prisms, which melt at 81°'-82^; the Achloridc is less soluble in ether, has 
apparently a different crystalline form, and molbsat 94°. Thea-a7atdc, 
crystallises in thin long prisms whi(^ melt at 186°; the jB-amide is less soluble in 
water and melte at 216°. The a-chloride, boiled with an alkaline sulphite, jdelds 
toluenedisulphinic acid, C’H«(SO*II)®. The a-acid, fused with potash, yields, 
together with salicylic acid and small quantities of paraoxybensoic acid, a body having 
the composition but differing in its properties both from ordinary orcin and 

from Senhofer’s isorcin. . « . , t 

The a-acid, fused with sodium formate, yields a small quantity of a toluene^^tcaro- 
oxylic acid, C’BL*(CO*II)*, in the form of white difficultly soluble flocculi, which 
exhibit signs of melting below 270°. but are at the same time carbonised. 

The potassium salt of the a-disulplm-acW, digested wth mixt^ w 

slowly wdised and converted into a-disulphobcnzoio acid, C*H*(CO>H'K^U) , 
which ia different from tho acid obtained by :^h a. Senhote ^eetty tom 
acid (Asm. Ch. Fharm. clix. 217) ; it idolds a highly characterii^i^ difficulUy soluble, 
add Imtaesium salt. C!*H*(CO«HXSO'K>' + H»0. which la 

of h^rochloric acid to a solution of the normal potassium salt, C»IP(CX)*KX8Q B-) 

+ 2ffO. „ , 

BromotoluenesmlplioBlb AMm. C'H*Br.SO»H. Hubner a. Betschy 
{Zeituchr./. Chem. [2], vii. 618 ; Jahmh.J. Chem. 1871, SOlX • „on r * Ji 

1876 746) doacribo three isomeric sulpho^acids obtained by dimlvi^ pnrabnOTO 
Se in fS ^Iphuric acid; but Uubner a^ BotsAy finJ that, as theory Teqmres, 

only two distinct eul^o-acide are thus produced, MS. ^ 3 4 6 6 

: S SS 1 i 

The diaractim of^^tB^ d^aWes w ^ (C'H*BTSO*)*Bn+7Hro, 

Sffo! 

the iuother4iquor, or by exposure repeated ciystaUisation, it is ob- 

rrff ShlSuow^^XSTombic myrt^tl. 

tamrf by alow ™ffid evenlfti i*olonged exposure over snlphurio 

w^ch pneem ^ir J^tre^aW^ w 7 HSO%iiis enmlf^or hard crystals 

nearly an in^ 1^, E«^7 polm-Uaf. It dissolves spann^y m 

Melts at 161T,162-.. , _ 


MAB XnaBB; but on OlSSOivinK i«w 
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186 pts. of water at 8 **. The Uad salt, (CP'H^rSO']^*Fb + 3IPO, separates gr^ually 
from its cold solution, after eovoral hours* standing, in stellate groups of small needles 
which, when once formed, rapidly grow into arborescent forms. At low temperatures 
the^ salt separates very quickly in larger groups of fine soft needles ; they have a 
satiny lustre, but when exposed to the air quickly lose part of their water and become 
dull. The calcium salt, (C’H”BrSO^)*Ca + 411^0, crystallises in thin luminse, or some- 
times in groups of three-sided tablets with truncated summits. The crystals are nithor 
hard and shining, and when left otot sulphuric ficid, give off port of their water iind 
become dull, 

fi’Parabromotoluenesulphamide, C’ll^r^(SO*NA^)», melts at 166 ^- 167^1 and crystal- 
lises firom water in long shining slender needles. 

II. Orthobromotoluenesulphonie acid . — Pure liquid bromotoluene was con- 

Torted, by agitation and careful warming with fuming sulphuric acid, into the sul- 
phonic acid, and this into the barium salt, (C’H*BrSO*)‘Ba + 2 H~ 0 , which crystallises 
in large soft elongated plates; no isomeric salts wore found in the mother-liquor. 
1 pt.of the barium salt dissolves in 253 pt 8 .Ht 17®. The calcium salt, (C’H'*BrSO*)*Ca, 
crystallises very slowly from a highly concentrated solution in thick rhombic tables, 
booming hexagonal by truncation of thoir acute angles, and grown together by their 
edges. It has an extraordinary lustre, is anhydrous, and remains perfectly trans- 
parent after being heated to 185° for six hours. It is very soluble in water. The 
lead salt, (C’H*BrSO*)*Pb + 2H*0, forms tufts of long narrow tables, and is much 
more soluble than the barium salt. The poUissium salt, C^IPBrSO’K -i- forms 

small, thick, rather hard, white needles, moderiitoly soluble in water. The sodium 
salt, G*H”BrSO*Na + ^IPO, crystallises in large thick rhomboidal tables witli trun- 
cated edges, and is very soluble in water. 

Orthobroniotoluenesulpboiiic acid is converted, by oxidation with potassium dichro- 
mate and dilute sulphuric acid, into orthobr^omoBulphobonzoic acid (Hiibner a. 
Retschy). 

Aocoraing to Dmoebowsky {Beut. Chem. Gcs. Bar. v. 333) pure orthobromotoluene, 
treated with fuming sulphuric add, yields two sulphonic acids which yield barium 
salts containing (0’H*BrS0”)^Ba + 2H*0, one sparingly soluble in water, the other 
easily soluble. Both acids, when fused with potash, yield salicylic acid. 

III. MetahTomotoluenesiilphonic acids (Wroblovsky, Zeitschr. f Chem. [2], 
rii. 6). — ^When fuming sulphuric acid is added to cooled motabromotolueno, the reac- 
tion completed by warming in the watcr-liath, and the product saturated with baryta, 
three barium salts (a, jS, y) are formed which may be separated by fractional crystal- 
lisation. The /3-salt forms tho largest portion of the product, next the a-salt (about 
25 p.c.) and of tho y-salt only a small quantity is obtained (3 p.c.) 

The aAmrium s^t, (C^H*BrSO”)’Ba + 11.^0, ciystalliseB in small prisms ; 1,000 pts. 
of water at 10® dissolve 5'28 pts. of it. The a-poiassium salt crystallises in small 
prisms. By fusion with potash it yields salicylic acid : hence thea-acid is metabromo- 
toluene'^rfAesulphonic acid, C’Il®Br„(SO*H)„. 

The fi-hariumsalt, (G’H*BrSO’)2Ba + STPO, crystallises in beautiful shining lamiusc. 
1,000 pts. of water at 19° dissolve 14*52 pts. of this salt. The fidead salt, 
(C’H*I&SO*)*Pb + 3H*0, fonns lar^ prisms. The ^-calcium salt, (G’H*BrSO*)*Ca + 
6H^0, czystallises easily in large prismatic laminse. The p-potassium salt crystallises 
in latM shining laminie. This salt also yields by ftision with potash, a coiisideroble 
quantity of salicylic acid, so that tho ^-8alpho-acid is likewise a metabromotolnenc- 
orthosiupbonic acid. 

^e y-barium salt, (G^H*BrSO”)% -I- 6H*0, crystallises in needles. 1,000 pts. of 
water at 19° dissolve 82*48 pts. of it. By ftising tho y-potassium salt with potash, 
an oxy-acid was obtained, which did not colour ferric salts: therefore either ozy* 
bensoio or pam-oxybenzoic acid. . u 

The f^lowing table, on p. 1178, gives a comparative view of the properties of the 
three brqmotoluenos and of their sulphonic derivatives.*^ 

eiilova*M««iia*alp]|iealo Aotd. . Tw» ocidt <• and 0) 

having this composition are produced by heating chlorotoluene with sulphurio, acid » 
their barium and potassium salts have been already described as chiozo-cxesylstawtes 
(p. 878). Olie 4- 2H’0, CzystalliseB in flat ascdlesr 

• 'Thfi taUe Is teto ftom Rttbnir a, Bol8ohy*iy»p^ rih 
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in cold| easily soluble in hot water, and separates in shining crystals which melt at 
1800-1310 (Wolkow). . 

MetanitrotoluenesulpLonic aeid^ preparedlike its isomerides, forms a barium 
salt^ [p'H*(N0')80*]*Ba* + 2H‘0, which crystallises in hckIuIos, and is more soluble 
than tile ortho-salt ; 100 pts. of water at IT'fiodissolro 1*140 pt. of it. The lead salt, 
[C^H*'(NO*)SO*]*rb -J- 2411*0, crystiillises in small grains, and easily takes up an 
additional qusuitity of load oxide, forming a basic salt which may bo precipitated by 
alcohol (Boilsteiu a, Kuhlberg). 

Sinltrotolaeneaulpl&oiile Aeld, C'H*^NO*)*SO*H, is produced, together with 
otber^cids, by treating a solution of toluene in fuming sulphuric acid for a epnsidor- 
able time \7ith very strong nitric acid, at first in the cold, afterwards at a higher 
ternporaturo. By saturating this mixture with load oxido and repeated crystallisation, 
a lead salt Was obtained in faintly-yellow shining scales, having the composition 
[C*H*(NO*)'-SO*]-'Pb + 3H®0. It gives off 2Ii‘-0 in a vacuum over sulphuric acid, the 
remainder when heated. 100 pts. water at 14*5^ dissolve 2‘64 pts. of this salt 
(Bcilstoin a. Kuhlberg, Zeitschr. f. Chem. [2], vi. 706). 

llltro1»romototueii«BiilphoBio AeidSt C’H‘Br(KO*)iSO*lI. I. Nitropara- 
htomotolnene-metasulphonic acid. The barium salt of this acid is prepared by 
adding dehydrated and pulverised barium parabromotoluene-inetasulplionuto (p. 1171) 
to warm fuming nitric ucid, decanting from precipitated barium nitrate, and ovnpora- 
ting. The free acid separated from it by sulphuric acid forms, when concentrated, 
a faintly yellow syrup which solidifies to a crystalline mass, easily soluble in water, 
alcohol, and ether, and crystallises by evaporation of its aqueous solution over sulphuric 
acid in stellate groups of small quickly deliquescing needles. 

Tho acid and its salts have an intensely bitter taste. Tho salts dissolve easily in 
water and in alcohol, and crystallise well from water, with the exception of tho 
calcium salt ; all however, excepting the sodium salt, in microscopic though very 
sharply defined crystals. 

C*H*(NO*)BrSO*K Shuttle- or whetstone- shaped crystals. 

C’H,*(NO*)BrSO*Na 211*0 Tufts of needles an inch long; less 

soluble than the other salts. 

[C*H»(N0«)BrS0*]*Ca Small needles. 

[C'H*(NO*)BrSO*]Ba -i- 2H*0 From dilute solutions in hard nodules ; 

from concentrated solution in stellate 
' groups of shoiTt flattened noodles. 

[C*H*(NO*)BrSO*]Pb 2H*0 Crystallises like tho potassium salt. 

JdicroBCopical examination of the load, barium, and potassium salts showed that 
only one nitro-acid was formed by tho process above described (Hubnor a. Muller, 
Zutachr.f. Chem, [2], vii. 14). It does not appear to have been decided whether the 
nitro-group in ^is acid occupies the ortho-position (2 or 6) or the meta-position (5). 

Niiro-fi^metahromotoiuaneBulphonic acid is easily obtained by nitrating 
i3-metabroxnotoluenesulphonic acid (p. 1172); only one nitro-acid appears to be thereby 
produced. The hanum Bolt, [C'H%NO*)BrSO»]*Ba -i- 7H*0, crystallises in needles 
more soluble in hot than in cold water. The calcium Balt, [C’II\NO*)BrSO*]*Ca 
-t- 9H*0, is very soluble in water and in alcohol, and cmtallises from alcohol in large 
priams. The lead Bolt, [0*H*Br(N0»)BrS0»l»Pb + 3H*0, dissolves easily in water 
and crystallises in prisms (Wroblevsky, ZaiteeKr, [2], vii. 6). 

VO&VM AOXBt G*HK)* - C*H*(CH*).COOH. SyntheBU o f Orikotoluie 
acid . — ^Ramsay a. Fittig (ZeUBchr,*/, Ckem, [2], vii. 584) have prepared this acid 
fiom toluene-orthoBulphonic acid (p. 1168),bjexchangiiig the group S0*H for GN and 
boiling resulting nitril with alcoholic potash. By distilling a mixture of the 
potaSMum salts of toluene-parasulphbnie acid and toluene-orthosnlphonie Mid With 
potassium cyanide, and treating the distillate of mixed nitrile with sicoholio potuh, 
ordinary paratoluic acid, mixed with another toluic add, was obtain^ The caleiuin 
salts could not be separated by reccystaUisatioQ from water, blit ftom: 25 p.c. idoohol 
the isomeric dalcium salt crystallised «Teadily, leaving the paratoluate in^rolotion. 
This isomeric toluate contained 2U*0, and gave ah acid which cmtallised in lohff 
ehinihg needles, melting at 102®, and iupreod in every respect with orthotolttieacld 
obtained oxidation of ortho^lene, Ibe nitvo-add was also propn^ m 
to be identical with that obUinod firoift v ; ^ ^ 

Jlfeiatoiuia nctA-^Thli formed when I mob ot the enld 

nvitic acid is inumately mixeid ^th 1 hloL caleihih.hydira8e,^s^ mixtihpe li hittw 
for several hours in a lekd-batik. The toloic add eaparahlS 4mm the^p^^ 
tion in an acid and distUbtibh with sl^ 
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acid, and separates in naedlo-shaped cxystala molting at 106^ (Fittig, Ikn^, Chem, Gea. 
Ber, V. 268). By the action, of sodium-amalgm on the moaifleation of bromotoluic 
acid which molts at 206^-206° (prepared by oxidising bromoxylene, m. p. 205°-208^, 
with, chromic acid), Ahrens {Zeitschr, /. Chem. [2], v. 102) obtained a tduic .acid 
which, when oxidised by chromic acid, gave isophthalic acid, nnd tlierofbre appeared 
to be metotoluic acid, but it melted at 00®-93®, that is to say, from 12® to 15® lower 
than Fittig's acid. To ascertain the cause of this difference, W. Bamsay prepared 
the acid according to Ahrens’ method, and found that on recrystallising it from 
alcohol, two Tory different crystallisations were obtained, riz. druses of dull needles, 
and transparent crystals, the former cousisting of pure paratoluic acid, the Jatter 
melting at 105°, just like the mcUtoluic acid prepared from uvitic acid {Ann, Ch. 
Vharvii. clxviii. 253). 

Bromotoluic Acid, F. Landolph, {JDeui. Chem, Gea. Ber. v. 

268) has obtained an acid of this composition by oxidising bromocymeno with chromic 
acid mixture. It is sparingly soluble in cold, more easily in hot water, fiwm which it 
crystallises in thin needles or laminie. It dissolves easily also in hot alcohol, in ether, 
niirl in chloroform. It is somewhat volatile with vapour of water, melts at 
203®-204®, and sublimes in broad shining needles. Sodium-amalgam easily removes 
all the bromine, nnd converts the acid into ordinary paratoluic acid, melting at 176®. 
Chromic acid mixture decomposes the bromiuatod acid but partially, even after long 
boiling, and docs not convert it into a bibasic acid. Tho calcium salt, (C41*BrO‘)’'Ca 
-t- crystallises from hot water in arborescent needles sparingly soluble in cold 

water. The barium salt, (C''H*BrO^)‘‘‘Ba + 4H‘0, is similar but less soluble. 

This bromotoluic acid diasolves slowly in warm concentrated nitric acid, and the 

solution diluted with water deposits bromonitrotoluicacid, C*H®(NO*)Br|^QQj£* 

wliich separates from water in needle-shaped crystals. It is soluble in alcohol, ether, 
and benzene, nnd docs not volatilise with water-vapour. During fusion at about 170®- 
180® it decomposes and turns brown. The barium salt, which crystallises from hot 
dilute alcohol in stellate groups of needles, has the composition (C"ll‘(NO')BrO^)*Ba 
+ ITO. 

The bromotoluic acid above described agrees nearly in its properties nnd those of its 
salts with that which was obtained by I^ttig, Ahrens a. Mattlieides from caal-tar 
xyleno \ut Suppl, 1100). Ncvortlieless tho two can scarcely bo identical, since tho 
last-mentioned acid was converted by reduction into isophthalic acid, whereas that 
prepared from bromocymene was converted by similar treatment into paratoluic acid. 

Alp1ia<oliiio or VhenjlMetlo Aold* CH^(C*H*).COOH. This acid, wlien 
nitrated, behaves like cinnamic acid (p. 348), forming para- and oriAopbenylacetic 
acid, which latter is converted by oxidation into ortlionitrobenzoic acid, shows by tho 
degree of solubility of its barium salt, and by the feet that when reduced by tin and 
hydrochloric acid, it yields anthranilic acid, which may be converted into salicylic ocid 
(PirogoiF, Deut, Chem, Ges, Ber. v. 332). 


TO&VEDIM Bi - C*H«(NIP).CII». Three modifleations of 

this base are known, para, meia, and ortbo, formed by reduction of the coxrenxindinjg 
nitrotoluenes. Their characteristic properties and reactions have been studied especi- 
ally by Beilstein a. Kuhlberg (Ann. Ch. Pkarm. clvi. 66; clviii. 341; ZmUehr. f. 
Chem. [21, V, 632; vi. 102, 417; vii. 99; Jahrb.f, Cheni. 1870, 764; 1871, 712; 
1878, 647), and W WroUevBky {Zattokr. [8], Tii. 186, 210, 271, 008; JaknA. 1871, 
718; 1873,649). 

Paratoluidine, C*H<(NH*)..CH*, is tho ordinary solid modification, discovo^ by 
Hofmann a. Muspratt, and produced by reduction of solid nitrotoluene. 

CH‘(NIP).,0H>. is obtuned^by tKe action rf tin hydro- 
cUotio atid OT tho metanitiotolume diseovered by Beilatan a. KnMbetg. 

OrikoioluiUnt, •C*H*(NHT.CH* IBos^ahl’a is 

from the liquid modification of nitrotoluene, foTO^, ^ther with solid 
toluene; by direct nitration of toluene (Beilstein a. Kuhlberg) ; apparently also by the 

3W“JSa5J!!^^ 

dMr«s6. I860, 6TY). . ft™ riMBaathrs of para- and orthoTaomotblnsna 

on MnsHe (p. 1164)(Hubn« a.WalIaeh, 
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See fUrtlior, Bosenstiehl, C&mpt. read. 


ZeitseArf. Chem, n. 630 ; JahreaK 1869| 678. 

Ixiz. 63, 469 ; Jahreab. 1869, 670. 680). 

The following table ezhibite the xaoet obaracteristic difbrences between'' the three 
isomeric tolai^nes and their derivatives : 

laovierio Thluidinca. 




rnni 


^Ic-fca 

Ortho 

Toluidine ' 

Isp. gr. . 


108® 


197° 

0-898 at 26® 

197® 

0*998 at 25*5® 

Of the nitrate, 100 pts. 






water dissolve . 

17‘7 pts. at 

23*5° 

20*1 pts. at 28*50 

10*01 pts. at 19*2° 

Of the nitrate, lOOpts. 




alcohol (89 p.G.) dis- 
solve 

42 


20° 


23*5 „ 16*5° 

Ofthehydrochloride, 






100 pts. water dis- 






solve ... 

Of thehydrochloride, 
100 pts. alcohol (89 

22-9 

I* 

11° 


37-4 „ 16-8® 

p.c.) dissolvo 

Of the oxalate, 100 

25 


17® 

— 

100 pts. . 

pts. water dissolve . 
Of the oxalate, 100 

0-87 

>, 

14° 

— 

2*38 pts. at 21® 

pts. alcohol (84 p. c.) 
dissolvo . 

0-48 

,» 

22° 

-- 

2-68 „ 21® 

Of the oxalate, 100 






pts. ether dissolve . 
Of the sulphate, 100 


0 


— 

0*65 „ 21° 

pts. water dissolve . 

506 

pts. at 22° 


7*8 „ 22° 

Of the sulphate, 100 
pts. alcohol (89 p. c.) 
dissolve • 





1*6 „ 21-5= 

IS 


23° 

— 

The acetyl -deriva- 






tive boUs at . 


306® 


303° 

296° 

The acetyl -deriva- 
tive melts at . 

] ,000 pts. water dissolve 


146® 


65*6° 

107° 

of it . . 

0-886 

pt. at 22° 

4*4 pts, at 13° 

8-5 pts. 19° 

Colour produced by to- 
luidine withchloride 

i 



of lime and hydro- | 
chloric acid . . j 

Colour produced by to- 
luidine with sul- 


nemo 


violet 

violet 

phuric and nitric acid j 

1 

blue 


none 

none 


Wroblersky a. Xurbatow (Zeiiaohr, /. CAem, [2J, vi. 166) 
have obtained two bromotoluidinefl, a and /S, by reduction of the two ni^bromo- 
toluenes formed by nitration of solid bromotoluene (p. 1167). €t'‘Brtniu>tblMine is a 
liquid which solidifies'at - 2^. Its nitrate forms nacreous crystals, of which 1,000 
of water at 1 1*6^ dissolve 8*27 pts, fi~Bromotoluidine forms prismatic czyetals mating 
at 67^. Its nitrate also ctystallises in prismario. forms ; 1,000 pts. of water at 11;6 
dissolve 4'6 pts. of it. Heynemann (ZeUscAr^ [21, vi. 402) has obtained a base whicu 
he designates as parahronumeiatoluidina, by reduction of the corres^hding' brem^ 
nitrotoluene ; it melts at 80**, but doea not easily resolidify. 9 pts. of the oitmte 
dissolve in 1,000 pts. water at IT**. 

jifeiabromottAotoluidine, C2H«Br,.( NH* )., either. 

(1 ; 2 : 8) or C«.CH*.NH».BC.|[.Br J["(l : 2 : 6). Wroblevrity (^Ar. ^rm m 
TuaeB this compound as follm. ; Crude toliudine is mixed with mm 
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toluido is Uius obtained as a solid body \ 7 hicb, however, molts not at 105^, but nt 98^. 
By suspending it in water and dropping bromine into the liquid, bromocetoluide, 
is produced, whi^, whon purified, crystallises in long shining 
needles melting at 166°-157®, and dissolving easily in alcohol and in boiling water. 
This acetyl-compound, decomposed by alcoholic ixjtash, yields nicbibromortliotoliiidiuo, 
whicl), after distillation with steam, is solid, and crystallises in fine large octohedrons. 
It melts at 57®, and boils, with complete decomposition, at about 240°; it dissolves 
easily in. alcohol, very sparingly in water. Its. hydrochloride, nitratb, and sulphate, 
(C^H®i3rNil“)“iSO* + 1 .JlI-0, are all soluble in water and crystallise well. The nitrate, 
decomposed with nitrous acid and alcohol, yields mctubromotolueno, which boils 
nt^ 182®, and is oxidised by chromic acid solution to iiieta- (ordinary) bromobenzoic 
acid, molting nt 163°. The perbromide, C^II''ilr.NH'-Jlr-, decomposed with absoliito 
alcohol, yields orthometiidi bromotolucne, (I ! 2 : 3) or (1 : 2 ! 5). 

Orthohromometatoluidine, C’H«Br„(Nlf).„ (1 : 2 : 3 or 1 ; 2 : 5), is obtained 
by the action of potash on orthobromomctocetoluide, whicJi is formed by treating 
metacetoluide with bromine. It is a liquid boiling ut 240°, and smelling yeiy inucli 
like ordinaiy toluidino. Its nitrate crystallises in small, reddish, sparingly soluble 
prisms. Wiien it is converted into the diazo-compound, and the corrcspoiiuing per- 
bromido is decomposed by absolute alcohol, dibromotoluone, C’H«Br..Br,„, is 
formed as a solid molting at 42'5® and boiling at 249° (Wroblovsky, Zeitschr, [2], vii. 
609). 

JHbromotoluidinea, — 1. Bihromm'tJtotduidme, C’H^Br®(NJP),„ is produced by 
passing bromine (4 at.) into an aqueous solution of the hydrochloride of orthotoluidine. 
The base separated by lime crystallises in beautiful nacreous needles easily soluble in 
alcohol, nearly insoluble in water, melting at 50°. It does not combine with acids 
(Wroblovsky, Zeitachr.f. C?iem. [2], vii. 210). 

2. Acotometatoluide, treated with bromine in presence of water, yields dibrom- 

acetomotatoluide, C'H‘Br''*.NH.C®II*0, which forms flat needles melting at 164°, 
and converted, by decomposition with alkali, into dibromoinctatoluidinc, 
C'H*Br*.(NH*),„. This compound crystallises in silky needles melting at 92*6° ; does 
not unite with acids. By removing the ainidogon groups from this dibromotoluidino, 
a dibromotolnene, is obtained liaviug the constitution 1:3:6 (see table, 

p. 1176). 

3. The dibromotoluidino obtained by reduction of the nitro-dibromotolueno produced 
by nitration of para-orthodibromotoluono (p. H65),crysbilli80sin nacreous scales molt- 
ing at 95®, and does not combine with aciefs (Wroblevsky, Zeitsehr, [2], vi. 239). 

4. Tlio dibromotoluidine obtained from the nitrodibromotohicno formed by nitration 
of ortho-motadibromotolueno, forms silky prismatic crystals molting at 83® (Wroblov- 
sky, loo. cil,) 

Tribromololuidins, 0’fl^Br*NH», is formed by passing bromino-vapomr (4 at.) 
into the hydrochloric acid solution of motatoluidinc, and sepanites in white flocks 
which majr bo purified by distillation with vapour of water. It dissolves sparingly in 
alcohol, and crystallisos thoreftom in long needles melting at 97®> It does not unite 
with acids. On adding it to alcohol saturated with nitrous acid, a violent action takes 
place, resulting in the formatiou of tribromotoluene, C’lPBr*. Metatoluidine diflbrs 
therefore firom para- and orthotoluidine in yielding, by bromination, a tribrominated 
instead of a dibrominated piquet (Wroblovsky, loc. dt) 


CUorotolnldlnM. Orthonitrotoluene, reduced '^th tin and hydrochloric ncid, 
yields a chlorotoluidine, C»IPCl(NH*), which melts at 29*6°, boils at 241®, dissolves 
easily in alcohol, ether, and carbon sulphide. Its h^drochlorido forms thin white 
crystals. The nitrate forms largerthin quadrangular striated crystals, of which 100 pts. 
water at 19® dissolve 8’712 pts. By conversion into tlio diazo-compound, and decom- 
position of this compound with hydriodic acid, a ohloriodotoluene is obtained boil- 
ing at 240® (Beilstein a. Kfihlbeig, Zeitschr.f. Chem. vi. 102). 

Bichlorotoluidine, 0»H*C1*.NH».— -The nitpodichlorotoluono produced by nitra- 
tion of thedichlorotoluone* which boils nt 196®-200® yields, by reduction, a dichloro- 
tohiidino which forma daaling white, elongated laminae, melts at 88°, and boils at 
260° (Wroiilorsky a. Pirogow, Zeiteehr. [2], vi. 164). 

Xod6toItttdtiie. JPara-iedorthdoluidine, C»H»i;(NII*).Cn*. prepared by ro- 
ductioii.of para-iodorthohitrOtoluene (p. 1167), forms needle-shaped colourless ciystals 
which melt at 48®-49®, and boil, with rapid decomposition, at 273®. It dissolves very 
pasily in ether, end carbon nulphido. Tlio crystellisos from, hot water 

m coionrlesii nacMOttS himioae. 1000 pts. ofwaterat IG® dissolve 9*5 pts. of this salt. 
The is it jrith difficulty, i. 

even at yielding dniitro-iodoereBol, C*HI(BtO)(NO ) ,CH , 
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which separates in slender yellow needles melting at 76^ and elplpding at a higher 
tempomtUTe. Caustic soda dissolves this dinitro^esol, and hydrochloric acid precipi- 
tates it from the solution without alteration (Heynemann, Zeitschr, [2], vi. 402). 

mtrotolnUUaea and Wltro-Aoetolaldes. Dinitropara^aeetoluide^ 
C*H*(N0*)*(NH.C*H*0)-, is obtained by adding para>acetoIuido (1 pt.) in small portions 
to wclbcooled nitric acid (4 pts.) of 49° B. ; the product is precipitated with snow, 
washed with water, then, ^tor d^ng, with ether, and I'ecrystallisod from alcohol. It 
forms long, pale yellow needles, much more soluble in hob than in cold alcohol, melting 
at 190-5° 


Binitroparatoluidine^ C’II®(NO-)*.(NH*)p, is easily obtained by boiling the 
acetyl-derivative with alcoholic potasli, ; it is precipitated by water, rociystallised from 
benzene, and finally from boiling carbon sulphide. It crystallises in yellow needles, 
melts at 166°, and may bo sublimed in small quantities without decomposition. It is 
but slightly soluble in alcohol even at the l^iling heat, more soluble in bohzonc, 
especially when boiling, nearly insoluble in ether ; 1000 pts. of carbon sulphide at 18° 
dissolve 3*2 pts of iL It is but slowly reduced by tin and hydrochloric acid, the 
product being apparently, not a triamine base, but a tolyleno-diamino. Dinitro- 
tohiidine suspended in alcohol or in strong nitric acid is not acted on by nitrous acid 
at ordinary temperatures, but at boiling heat the dinitrotoluidino dissolves, being 
probably convert^ iuto diuitrotolueue (Beilstein a. Kiihlbcrg, Ann, Ch. Pkarm. clviii. 
341). 

Metanitro-orthacetotoluide^ C7H*(NO*),„.(NH.C*H*0)a, or 
C*(CH*)(NH.C®H*0)(NO*)HHH, is formed by adding orthacetotoluide in small 
portions to well-cooled nitric acid of 46° B. The product is precipitated with snow, 
washed with water, and rcerystallised from alcohol. It is very slightly soluble iii 
water even at the boiling heat, and crystallises therefrom in microscopic needles melt- 
ing at 106°-197°> Brom alcohol, in which it is more soluble, it crystallises in small 
lemon-yellow needles. 

Metanitro-orihotoluidinet C*IP(KO^n(NH^)..CH’, is obtained by heating the 
ncctyl-derivative with a mixture of 1 vol. sulphuric acid and 3 vols. water, and 
precipitating with ammonia; also by boiling the acetyl-derivative with alcoholic 
potash. It may be purified by recrystallisation from water or from aqueous alcohol. 
It is very slightlv soluble in boiling water, and crystallises therefrom in small lemon- 
yellow needles which, after drying, form a felted mass; it is easily soluble in alcohol. 
±'rrjm its hot solution in dilute nitric acid, Uio free base crystallises in long, flat, 
yellow, shining needles melting at 127°-! 28° By nitrous acid and alcohol it is con- 
verted into metanitrotoluone (Beilstein a. Ivuhlboig, loc, cif.) 

Orthonitrometucetoluide^ C*H*j[NO*)a(NH.C*II*0),„.CII*, prepared by 
treating acetometatoluide with cooled nitric acid of 46-5° B., precipitating with snow, 
and rocrystallising several times from water, forms small cubes, or when crystallised 
by slow evaporation, larger rhombic crystals. It dissolves easily in boiling alcohol, 
very sparingly in water even at the boiling heat. Holts at 101°-102°. 

Orthonitrometatoluidine, OH*(NO*)XNH* ».CII*, is formed by treating the 
acetyl-compound just described with the theoretical quantity of alcoholic potash. It 
melts at 133°-134°. By converting this base into diazotolueue by Griess’s reaction, 
and decomposing the Bul|>hato of this diazotolueue with absolute alcoliol,^ a nitro- 
toluone is obtained, which boUs constantly at the temperature of erfAonitrotoluene 
and remains liquid at —20°. Aenco, it may be inferred that the nitro grom in the 
base and its acetyl-derivative under considora^on occupies the ortho-positioxi (Beilstein 
a. Kulilborg, Zeitschr.f. Chem, [2], vii. &9). 


B» Tolutdine in alcoholic solution acts but slowly 

on furfurol ; a more decided action is obtained 'rnth toluidine salts. A hot mixture of 
12 pts. toluidine hydrochloride and 0 pts. toiuidine dissolved in 160 pts« aleoMl 
-ffjth 8 pts. furfurol, also dissolved in 160 pts. alcohol, solidifies on cooling to small red, 
no^le-shaped cmtals ot/ur/uroioltndin* hpdrochhride, C**H**0*N*JttCn The fUfraUt 
C**H”0*N*.NO*&, prepa^ in like manner with a mixture of 14 pts. tolni^ne xutrate 
And 0 pts. toluidine dissolved in 100 pts. alcohol ^th 8 pts. nirfurol in lOOj^* 
lUcohol, forms purple needles. FurfuroMui^nef prepared by triturating othtf oftW 
salts with ammoniA and kneading the resulting hums with watevi fonmib when Jrarifiea 
by solution in ether/a brerarn, amorphous, brittle mass (Stenhouse, Jm, CA Psorm* 
clvi. 197). - 

Appe^is to llhtrjvi^ PtmTOiuiriijafa; This base, 

- i^lori ja which cry^liseii tU 


in a similar manner, fbrms a ^ 
insoluble in hemmne,' earbon inlphlde, and wat^; 


fUliite adA « 
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a brown mags, the aleoholio solution of which decomposes quickly in contact with 
the air or oil boiling, and then no longer forms crystaliisublo salts (Steuhouse). 

TOXtVmifBBf BlMBTBTXiIBaB. On the formation of these bases by the 
action of boat on trimethyl-phcnylammonium iodide, see Amines (p. 57). 

TOBVXBXVlIwBnXiPSOSI'ZC AGZBS. U. L. Buir(Z>eu^. Chem.. Ge9, Ber, iii. 
796) has oxaminod these acids with rusults nearly the same hs those obtained by 
Malyschcff (1 a^ SuppL 288). He finds that the iS-acid, heatad with potassium hydrate, 
yields an oily base which does not form crystallisablo salts ; probably oxytoluidinc, 
C«H»(OH)(NH2).CIR 

TOBVYXiamp CHI'®. Syn. with Stilbenf. (p. 1099). 

TOXiimBXrB ABCOBOB, BTBBATZSp and OXXBl!« See HydiiobeN2oin 
and Pkoxyhbnzoin, under Bknkoin (pp. 171-176). 

TOXiTB (BX-)p hydrocarbon, isomeric with 

dibein^l and benzyl-toluene (p. 183), is produced by the action of sodium on parabro- 
motoluoDO (p. 1161). 

Sodium acts very briskly on ii solution of solid bromotolneno in anhydrous ether, and 
if the liquid is not well cooled, hydrogen is ovolred and a large quantity of toluene is 
regenerated, tlie formation of wuich indeed cannot be completely eradod, even if the 
vessel is surrounded by a freezing mixture. The other prc^ucts of the reaction are a 
large quantity of a yellow solid (not further studied), which is simringly soluble in 
alcohol, and can thus bo easily separated from two isomeric ditolyls which dissolve 
readily in alcohol. That which is present in the largest quantity is a solid, which 
crystallises from ether in splendid monoclinic prisms and from alcohol in white plates 
melting at 121°. The second ditolyl is a liquid, having an aromatic smell and boiling 
at 283^-288°. 

By acting witli sodium on crude bromo- and chlorotoluene, only a small quantity of 
the solid ditolyl is obtained; the chief product is a liquid, wliich appears to bo 
identical with the ditolyl (b. p. 272°) whfeh Fittig obtained (Ann. Ch, Vharm, cxxxix. 
178) by tho action of sodium on bromotolnene. That prepared from chlorotoluene 
boiled at 273°~278° (2^incko, Deut. Chem. Ges. Ber. iv. 306). 

TOBTX* XBOCTABATB, N(00y'0’H’. Colourless liquid boiling at 185°. Sou 
Cyanic Ethkrs (p. 407); 

TOBTXAMXBBB« Azodiiolyldiamine, C'^H“N’. — Hofmann a. Geygor 
(Bent. Chutti. Gea. Ber. v. 476), in attempting to pix^paro this base by heiiting toluidine 
to fusion on a saturated solution of common salt, and passing . a rapid stream of nitrous 
acid through it, obtained the isomeric compound diazoamidotoluene ; which crys- 
tallises in lemon-yellow needles ; and decomposes on boiling with hydrochloric acid 
into nitrogen, cresol, and toluidine : 

C“H»N> + H*0 a N* + C»H*0 + C'II»N. 


Trichlorethylidene^ditolylamine, C»H*'Cl»N* « CCr.CH(NHCTr)'* (Wal- 
Inch, DcuU Chem, Gos, Ber. v. 252).— A base produced by tho action of chloral on 
toluidine : ■ • ’ . ^ 

H,> . ca.-oHjq™;:SE! 


CCl*— OHO -»• 2(CH*-C«H*-NH*) 


The reaction is attended with rise of temperature, and the mass, which solidifies on 
cooling, cryfitalliaes from other in transparent prisms which melt at 114°- 115°, but 
are doooniposed by continued heating to 100°. It cannot bo distilled. 

TriehlorethylideiM-cxethyltolylnminer CCl*— CH CH")' ■ 

the preparation of the preceding compound a It^o alcohol be auded to the product 
while Bull warm, this oxethyl-compound is obtained, chiefly from the mother-liquor, 
in large tabular crystals very easily soluble in alcohol and ether. It cry^Uis^ 

great facility, especially ficom ether mixed a little 

hard thick crystals an inch in.length. It melte at 76°-77^ and solidifies with diffi- 
culty after mion: cannot be distilled without decomposition. It is insoluble in 
water, and ii wadually decomposed \fy boiling with it, omitting an unpleasant odour. 
Towii^ ^SeSiraUtaliB it is mode^tely etablo ut ordimary temperatures. Aqueous 

trichlorethyli don e-ditoly lam i ne. 
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which, when boiled with alcohol, appears to be conrorted into trichlorethjlideue* 
oxetiiyltolylaminc (Wullach). 


TOXiTXiCAmAMZC BTHnU or TO&T&maTBAiniB. EthylinmyU 
carbamate, CO ^ i obtained by the action of chlorocarbonic ether on tolui- 

dine in presence of other. It crystallises with difificwlty from the crude product in 
long prisms insoluble in water, easily soluble in alcohol and ether, melting at 
By di^illation with phosphoric anhydride it yields tolyl isocyanate (Hofmann, IVoc. 
Boy, 8oc. xix. 108). 

Butylic Tolylcarbamate, ^ , is obUined by tho action of butyl chloro- 

carbonate on liquid toluidino (b. p. 108®). It is liquid, does not solidify at —10®, and 
boils witli partial decomposition at 275® -280®. 

TO&TZiBirBBZAllinrBS, G'IP(NH2}« (Beilstoln a. Kuhlborg, Ann. Ch. Pharm. 
clviii. 336 ; Zeitschr.f. CJiem, [2], rii, 134). Throe of these isomeric bases have been 
obtained, viz : 


12 R 4 6 6 

1. Poraortliotolylenodiamine C«.Cn*.NH*. H .NH*. H .H 

2. Parametatolyloiiedinmine C*.CH*. H .NIP.NH**. H .11 

3. Metaorthotolylenodiamino C*.CH».NH*.NH*. H . H .H 


1. Paraortho, C®H*(NH*)*^„.CH* — This is the known form obtained by reduction 
of dinitrotolueno. Hofmann gives 00® as it melting point, and about 280® as the 
boiling point. The sulphate, C^H*(NIX')*.H*80^ + 2 aq., crystallises from water in 
long, prismatic, glistening ct^'stals, which do not lose their water of crystallisation 
over sulphuric acid ; 100 pts. of water at 19*5® dissolve 5‘f>8 pts. of salt. 

2. Parametaiolylenediamine, C®n*(NH*)*p_„.OH*.' — This modiftcntlon is obtained by 
reduction of nitroparatoluidine with tin and hydrochloric acid. The solution is freed 
from tin by hydrogen sulphide, and evaporated to dryness ; tho residue, intimately 
mixed with pulverised caustic lime, is then distilled from a combustion>tube. It is 
obtained in brilliant white scales, which melt at 88*5®, and distil unchanged at 265®. 
It is moderately soluble in cold, more soluble in liot w'ater. The aqueous solution of 
tho base is extremely unstable, becoming black on standing for a few hours. The 
hydi'ochloride crystallises in long needles, oxtremely soluble in water. Tho eulphafe, 
C W(NIP)'‘*.H*SO^ + 1 ^IPO, forms magnificent, white, glistening scales; 100 pts. of 
“water nt 1 0*5® dissolve 9*29 pts. of salt. Both the free base and its salts beoomo 
oxidised when o.\posod to tho air, much more readily than paraartliotolylenodiauine 
and its salts. 

3. Idetaorthotolylenediamine, C*H*(NIP)%.„,.CH”. Nitro-orthotoluidine is attacked 
with great energy by tin and hydrochloric acid, The free base is colourless and 
crystalline ; it molts at 80®, and boils Constantly and unchanged at 270®. It is even 
less stable when exposed to tho air than parametatolylenediamino. Tho eviphtite, 
GHP(NH‘)^.Il-80*, is anhydrous and pulverulent, difficultly soluble in cold, more so 
in hot water. 100 pts. of water at 11*5® dissolve *84 pt. of the salt. 

The following is a tabular arrangement of Uie characteristics of the isomeric tolylene- 
diamines : 



Faraortho 

Fanmeta 

■ . 

Hotoortho 

Heltin 

Boilini 

The 
1PS0« 
salt j 

g point 
f point 
forms 
contains . 
lOOpts. H*0( 
dissolve ( ' 

90® 

280® 

long prisms 
2H*0 

5'68 pts. at 19*5® 

88*«* 

266® 

scales 

liH*0 

0-20 pts. at lD-6® 

80® 

270® 

powder 

O’Sdpt atH‘5® 


TO&TliVBSVBAanUI* See Tolvlcaubamxc Ktssbs* ' 
TOBTUnUSimiv See Xylidinb. 


TOMB. On the cxystalUne form of this mineral, gee P. Groth 
Mineralogia, 1870, 624 ; Jahreah, /, Chem. 1870, 1810). On its Pyroelectric ^ 
W. Hank^ (Ja5r5. /. Minerald^, 1871, 287 ; 8(». [2]v ix. 880>* 

crystatiogr^hic and chemical iflation* of TopaC, Aadtkltttitjbj and S 
melsbeig CM Ges. 
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J i.™ ^ toiimaline from the granito of Giirlio was 

found to have a epeeiflo gravity 3-13 and tho follovring compositL ; ® 

^^71 ^ ^ ®“0* *• 

36 71 8167 0-30 8-ol 0-64 0-40 2-83 0-70 6-68 1-85 = gg-ie. 
jJIi ’/ ^ percentage of ferroue o:.ide (E. Bechi, 


/ 660 ■^8™^^6ot■ oT 

J-XT/l “8‘> 337-. 

TBAirSPZXATZOir OP UQVZBS. See JiiQuros (p. 756). 

r Vanadium and titanium havo been found by Enffelbacli in the tran-rooks 

Giant^Sewaran<?^in one 
1110)*^ Vicontino tcmtopy m Italy (CAefn. News, xxvi. 183 ; Chem, ^wr. J, [2], x. 

T&XAOBTAMZDB, N(COCH*)*. See Acetamii>k (p. 3). 

CABBO-HTBBATBB. See Cm nr- 

thi7voluinf**'^‘^^ articles Glycogen, Inulin, Stamch, and Sugab, in 


See Chbomium (p. 336). 

Mje7”^/W ftofiTT C*H*(C*n**)*N*, is formed, like triethylmelamine 

(Irf Afppi. 808), by desulphuisitioii of amyl-sulphocarbamido. It is u stronalv 

i-^ii “i \ 1 I form* a network of yellow crystals soluble in water 

slight soluble lu alcoM. By boiling with hydrochloric acid it is decomposed, with 
evolution of ammonia (Hofmann, Deut, Chem. Ges. Ber. iii. 264). ^ 


(p. 438). 


N(C’H»0)*0. See p. 155. 

See Bunzylamink (p. 182). 

;OMJIVBBZir« See Bkomuydiiins (p. 200). 

BOXO ACSBv C^H^Br*0*. Seo Bioxybenzoic Acid 


TBZBBOMO-BBBOBQVnrOBB, C«IIBr>0» Soo Kbsobon (p. 1042). 
TBUII*!' M BJtkBIZWB. See Butylahinbs (p. 222). 


TBZOBBOBAOBTAIIUBB. ' 
TBZCBBORAOaXZO BOZB. ■ 

tbzcbbobbobtobvzbs. , 


See Acetic Acid (pp. 0, 10). 


nXCKkOBAiroUACnno AOZO, CCl'-CIfrrCH— An acid 

produced by the prolong action of strong h^rdrochloric acid on the corresponding 
cyanhydrin formed by the action of hydro^anic acid on crotouic chloral. It molts 
at 40° (p. 400). 


®W[OHBOBBTBTB OXZBB, 0<H*C1*0. Seo Kthyl Oxide (p. 484). 

VBZOKBOBBTBTUBBirB-BZTOB'nBMZWBr 0C1>— OHINHCC^H')?. 
So© TorAXAMlHBS (p. 1179). \ jj 

TBlOBMBlRBBSBr. Sen Cklobhydrins (p. 310). 

VBZOBOtftOOBOVOlTAlIZZBB. l' ^ 

TwranomooBOXoirio Aotn.! (pp- 807, 398). 

waonomonmMatn-aviraoosumxloa. On the rcactiun of this 

compound Tvith potassium sulphite, see Sulphites (p. 1135). 

nzqBBOBO-BZBBOMOBTlTBOBTBBJrB, C«Cl’Br*(NO>), and TBZ- 
OB&OBOTBZXrZXBOBTHAB'B, C*Cl'(NO>)*. See CAimoN Chlobides (p. 250). 
BmiOOBBZZrti, C*“H'«N»0». Soo Codeine (pp. 373-375). 

^*3UI'VlliliVB« This variety of crystallised silica (!«;{ 1110) occurs but 
in the older rocks, or in. tho hover rodts of a oornfarntivoly liasic character ; it 
IB found chiiohy, in tradi:^teB, iMSoeiated with sanidin and add plngioclasos. It often 
with hotnblendo, xarsly ‘mth angits^ never (like quartz) with divin (F. ZirkoU 
dm esU 492). 
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A. Strong has found tridymite in the porphyrite of Waldboekeilheim, in vwy 
numero^ small ciystals, exhibiting the forms odF and oP, as well as the character- 
istic twin formations, and sometimes covered with octohedrons of magnetic oxide. 
With regard to this first observed occurrence of tridymite in the older rocks, Streng 
observes that the rock in which it occurs is .not very acid, idso that the amount of silica 
in the volcanic rocks which contain tridymite does not exceed 69 p. c. {^ahrb, f, 
Min. 1871, 933; 1872, 265; Chem. Soc. J. [2], ix. 128). 

Tridymite has been found by Sandbeiger in small druses of a coarse-grained dolerite 
of the rVauenberg, near Heub^h ; by H. Wolf in the trachyte from the neighbourhood 
of Quito; by G. vom Rath very abundantly in the porous sooriaceous trachytes of the 
Stenzelberg in the Siebengebirge, also in outcasts from Vesuvius in the eruption of 
1822 ; by K. Hofmann in the pores of the augitic andesites of the Guttin and Roysal 
ranges (jahresb.f. Chem. 1872, 1098). 

nUBPXO AOXShJ An acid said by Maumond (Compt. rend, Ixx^*. 85) to be 
formed by the action of potassium permanganate on cane-sugar. 

nUOTBIMf STAXimC. See Stakhsthtu and Tin (p. 1150). 

ntXamnAlMXn. Sco Arsines (p. 107). 

OTmgHTlicOAMIWOlit » (CFH*)^GOH. This tertiary heptyl 

alcohol is formed by tlie action of sine-ethyl (2 mols.) on propionyl chloride (1 mol.) 
The mixture after a few hours forms a thick mass, and on decomposing this mass with 
water and distilling, the alcohol posses over, together with an oily body which remains 
undissolvod when the whole is treated with a largo quantity of water. The alcohol is 
separated frsm the aqueous solution by means of potassium carbonate, then dried with 
bain^ and rectified. 

Tricthyl-carbinol is a colourless liquid having a sp. gr. of 0 8593 at 0°, becoming 
viscid at — 20^*, and boiling at 140^-142^. It has a camphorous odour, and an 
aromatic taste, burning at first, but afterwards cooling. By oxidation with chromic ' 
acid mixture it yields a hydrocarbon which unites with bromine, and probably consists 

of hoptyleno, C'H** Acetic acid was also formed, together with a 

more highly carbonated acid (propionic acid). Bietliylkotono does not' appear to be 
formed (Nabapetian, Zeitschr,/, Chem. [2], vii. 274). 

nUBTBY&«mTBAm, CH(C^H*)’. A modification of heptane, produced by 
the action of zinc-ethyl and sodium on orthoformic ether. The crude product is frac- 
tionated, the portion distilling at about 100° is agitated with sulphuric acid, and the 
undissolved portion is washed, dried, and rectified. Triethylmethano thus obtained is 
a colourless liquid ha\'ing a faint odour of petroleum, a sp. gr. of 0'689 at 27^ and 
boiling at 96°. Vapour-density « 101*5° (Ladenburg, Deut. Chem, Gee, Ber^ v. 762). 

TBXBTBTMPBOBVBnni OXX9B> See Fnosphinbs (p. 953). 

T&XBTBT&-mOPBOaYBOanUBOBBOBIXDB» F*S>(0(PH*)'Br. See - 
SuLPHOPHOSPHpRIO EfKEBS (p. 1123). 

nUDVnnrUkXUCOli. See Siucxc Etrsbs (p. 1083). 

TBZBTBYUWBXWB BBBXOXmB. See Iodides (p. 678). 

TBXOBVXO AOXBi The trJgenic acid of the allyl series, C'H'N*0*, is formed 
by the action of cyanic acid on acrolein (p. 26). 

TBXCHbTOOUiAMXO AOXB« On the constitution of this acid, see Heintz 
(J. pr. Chem. [2], iii. 69, 120 ; C»m. Boo. J. [2], ix. 286) and Clans (iT. pr. Cfem. [2], 
iii. 123). 

nmanUkGVrxC AOXSc 0(CH*}*.CO*HXBttUerDW, Deed. Chm* 

Gee, Ber. v. 478). This acid is best prepared by acting on tertiary butyl iodide. 
C(CH*yii with mercuric cyanide, whereby tertiary butyl cyanide is producsd : 

C(CH*)»I + Hg(0N)^ « HgICN + qCH»)«0N, 


digesting this cyanide with alcoholic potash, and decomposing .the resulting pote^uiu 
salt with Bidphurie acid. By dehydrating the distillate witli.p)i 08 phonc anlijraae. 
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m ji *€l ABBI iroii, C(CH*)*.COH. See Butyl Alcohols (p. 219). 

miMBTnxxira OSiTCOXi And 3BTBBRB. The bromide^ is 

formed by the action of hydrobromic acid on allyl bromide (p. 40). See PitorYLKNE- 
COMPOUHDS (pp. 1017, 1020). 

****M«TWWK»MI»IHAinD, C*H'* - This form of 

hexane, produced by the action of sine-ethyl on tertiary butyl iodide, is a colourless 
liquid boiling between 43° and 48°, and having a vapour-denfiity ■=2*917. 

miMWBTXF.PHnrTXdU«MOBZm ZOBZBB, (CH7(C<H*)N.I. On 
the formation of dimethyltoluidines by the action of heat on this compound, sue 
Amiitbs (p. 67). 

TBZMBTBT&.iTO&TXJUKMOimnB ZOBZBK. (OH»XC*H0N.I (p. 58). 

VBIBITBO^SOBBBZBBB. When crystals of azobeneene care di88oly(K^l in 
nitric acid of sp. gr. 1*5, and the solution is boiled, sulphur-yellow crystals of trinitro- 
ozoxybenzenc, C'’‘H’(NO“)“NO, gradually separate out, and afterwards needles of 
trinitro.azobenzeno,C'*H’(NO*)»N. which melt at 112° (PetrieflF, iJetoAr, /. Chem. [2], 
vi. 564). 

TBZBITBO-CBBBOTZO BCZB, This is the composition of ' 

niirococeusic acult the product of the action of nitric acid on carminic acid. See 
COCBINBAL (p. 367). 

TBZBBBIUnrat A fossil resin occurring in the Eocene lignite of Carpaho, near 
Albona in Istria, in thick transparent and translucent masses, having a fatty lustro 
and hyacinth-rcd to chestnut-brown colour. It has a flab conchoidal fracture, and is 
often traversed by parallel clefts. Hardness 1*5 to 2; sp. gr. = 1*026. Becomca 
strongly electric when rubbed. Melting point 168°-180°. When heated it gives off 
pungent vapours rich in hydrogen sulphide. It is insoluble in water, sparingly soluble 
in ether and iu alcohol, perfectly soluble in hot benzene. An analysis b^ H. Hlasi- 
wotz gave, without any ash, the numbers a (Tschermak, J. p*. Otem. [2], li. 258). 

Trinkerite has also been found by Niedzwiodzki {Jahrh.f. Mitufralo^^ 1871, 641) 
in flat lumps imbedded in a carbonaceous marl at Qums, near Hioflau in Styria. An 
analysis, also liy Hlasiwetz, gave the numbers 5. ' 

0 H O B 

rt. . . 8M 11-2 3*0 4*7 = 100 

6, . • 81*9 10*0 3-1 4*1 « 100 

The composition does not diffhr mnch from that of Tasmanito (v. 608) (Tschermak, 
J: p*. [2], ii. 268). r 

A resin, intermediate between retinite and trinkerite, occurring in the lignite of 
Agka, ill the Bokonyer forest, Veszprimer Comital, Hungary, consists, according to 
Hlasiwetz, of 81*69 u,, 10*20 H., 1'87 S., and 6*34 O. (■» 100). 

TBZOB.TABZPZO AOZBp C*H'”0\ See Adifxc Acii> (p. 29). 

TBZOBTBBOMZOp TBZOBTGBlbOBZC« and TBZOBTZOBZC ACZBS. 
These naur es are given by Kammerer to Biiouic, Chlobic, and Iodic Acids (p, 692). 

^ OX’H’O*. See Naftholb (pp. 841, 842). 

TBZOStBABBTBAQVZBOBBp See Nafhthaqu^homb (p. 837). 

■— N(C*H*)’. See Piienylamimbs (p. 946). 

TBZBBaBrn-BZVBBTi See Biuret (p. 193). 

— ^ CH(C'H*)*. See Phbmylubthahes (p. 048). 

ff ^ xT *^^^”***”**”** ACZD. See Aeilihe (p. 77). 
H C**lt**0* *= 4C'H®0* — 3H“0. See Sali- 


OREiw (p. 867). , 

ACBB* Sec Salicylic Anhydrides (p. 1067). 
TBiamSPBOBTAUTSS- See Sultkazotibsd Acids (p. 11 1 1 ). 

VBZVBiOBZO AOZB. See Sulphur, Oxygen Acids op (p. 1141). 

nunracroit. On the «Mi»titu«nt8 of the rhi^es “® 

ImdwigO. MiUte [S]i oL 132; CSein. Soc. J. [2]i s. 8*0)* 

SMiMBtn. See UnimR) A|MBrJ.n8 (p. 1100). 

- ■i*ii...' ' h TT f t.ii Vl rHitm cir. M8) hes niiiilyaed three sorts of 

1 , 1 ^ to prisBiotic cqreto^ haring nenrijr the com- 
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poBition,2Na^0.3CO* 4H^0; b and e very impure saline masaes, with few or no 
distinct crystals : 


2Nft-0.3C0* 

Nb“O.SO» 

NaCl 

CaO.SO> 

H^O 

liisol. 

64*3 

1*6 

8*4 

1*3 

22*6 

1*66 » 90*66 

32*2 

24 

33*3 

— 

8*87 

1*36 » 99*72 

26*16 

. 66*66 

2*63 


4*06 

0*40 - 00*89 


See, fartlier, Carbonates (p. 268). 

TirrA. On the composition of the tufas of Ichia, soo C. W. Fuchs {Jahrb, /. 
NineralogU, 1873, 42U; Jahntab,/. Chem, 1872, 1168). 

TUiTOBTBV. Atomic Wei^hti — ^Veiy exact experiments on this metal and 

its compounds have lately been made by Boscue {Proceedings of the LU, and PhU. Soc, 
of Manchester^ January 23, 1872 ; abst. Chenu Soc. J. [2], x. 286). 

Metallic Tungsten , — Tungstic oxide was prepared by decomposing commercial 
crystallised sodium tungstate with hydrochloric acid, dissolving the Washed precipitate 
in ammonia, and igniting the rocrystalliscd ammonium salt in an open crucible. 
Tungstic oxide thus obtained is a heavy powder, having a canary-yellow colour at 
ordinary tempomturcs, but acquiring aanrk orange-colour when heated. Tho smallest 
admixture of sodium salt gives it a greonish colour ; tho same tint is also imparted to 
it by the action of light, which occasions a partial reduction. The pure metal 
obtained by heating this oxide to bright redness in a platinum or porcelain tube 
through which a stream of hydrogen is passed, is a granular powder having a light 
grey colour and strong lustre. By oxidation, it increjises in weight by 26-01 p.c.; the, 
atomic weight, 184^ requires an increaso of 26*09 p.c. 

To obtain exact determinations of tho atomic weight, tho trioxide prepared from 
tho oxychloride, to bo presently described, was igiiit^ in u platinum dish and then 
reduced by heating it iu a stream of hydrogen. Tho atomic weight thence deduced 
was 183*84. Secondly, the hexchloride, WOl^ was heated in a slroam of hydrogen, 
the resulting hydrochdoric acid was determined, and tho residual metallic tungsten 
weighed. This experiment gave W a 184*25, tlie mean of which and the jnreceding 
number is 184*04. 

Clilorldes« The hexchloride^ WCl*, is formoil by the action of chlorine on 
metallic tungsten, at a moderate heut, tho combination being attended with ignitiou. 
The chlorine must be perfectly dry and free from oxygen, otherwiso oxychloride will bo 
formed at tho same time, which it is not possible to separate from the chloride. The 
puro hexchloride forms a block-violet, crystalline sublimatis which, when considerable 
quantities are distilled, condenses in dark-rod drops. Tho solidified mass decrepitates 
when cold ; when pure, it does not alter in contact with moist air, but if the slightest 
trace of oxychloride is present, it absorbs moisture and decomposes. Water does not 
act oil tlio pure- chloride .at temperatures below 60®, but the impure chloride is im- 
mediately decomposed by water even in the cold, into hydrochloric acid and yellow (or 
greenish-yellow) oxide. Tho chloride dissolves very easily iu carbon sulphide, and 
separates out on cooling or evaporation of the dark rod-brown solution, in brown 
hexogonol crystals. It molts at 27fi® (corr.), but tho Smallest contamination with oxy- 
chlonde lowers tho molting point by nearly 100®. It solidifies at 270® and under a 
pressure of 769 mm., boils constantly at 346*7®. Tho vapour-density, determined in 
sulphur-vapour (440®) was ■■ 168*8; (H » 1} in mercaty-vapour (360®) ». 190*9. 
The calculated value is 198*6. Hence, it appears that dissociation tekw plwe 
between 360® and 440®, and, in fact, direct experiments indicated a resolutioii of W 
. hexclilorido into pentochlorido and free dilorine. This may explain the reanlt . 
obtained by Bcvillo, who found tho vapour-density to be 164*3 (at 860®),^ which ww 
regarded ns supporting tho view suggested by Person, that tungsten is ia 
element with the atomic weight Tu ■■ 168*3, its highest chloride being aoeofOingiy 
represented by the formula TuCP (v. 899). , ; ; 

Pentaehloride, WOl*. — This compound was prepared by pariioIljr ^tK^®^^® 
hexchloride at a low* temperature in a current of hyd^cn^ and then di»tillin j 
volatile pentachl<mde from tlie nou-volatilo tungsten-compounds con^nintf |l«w 
chlorine, formed at the came time. It ciystalliBes in black, shining, highly qelm^^P 
needles, whi(^ melt at 248® and boilat 275'6®. Vapour-density, 0^0. =^;^ 
morcuiy-vapour) ; calc. « 180*7. - 

tetrachloride and DicA/ortefe.— The tetrachloride# W 

volatile residue jwoduced in the dijrtillation of the hexchloride in hydi^^|W®^ 
that the temperature has not bora allowed to rise high. . It' is - ' 

highly hygroscopic powder, of a i;^sh-brown qolGUr) 
heatM, into the vdatile peatiCMSlQiide and Achlcnddb W 
, dicbloiiddk W0^■^ ti' mthotaf Itwttt oi 
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is permanent in t^e air, is dissolved in small quantity by vater, but the greater 
mrt 18 d^ecompwed into brown oxide (WO*V and hydrochloric acid. It ^uces 
nitnc acid, forming ammoni um nitrate; 

2WC1* + HNO* + 3H*0 - 2WO* + 4HC1 + NH>. 

Oxychlorides , — The WOd^ is obtained by passing the vapour 

of the pento- or hex-chloride over the heated oxide or dioxychlorido in a current of 
OTOurs in beautiful ruby-red ciystals, which melt at 210'4®, and volatilise 
at 22/ ‘A , and on exposure to air become at once coated with a yellow crust of the 
1 ' sulphur-TOpour = 171*5°; in mercury- vapour 

The dioxychlori^, WO®Cl®, is best obtained by the action of chlorine on the brown 
dioxide. It sublimes at a moderate heat, without previous fusion, in light yellow, 

hl***^* laminae, partly decomposing however into trioxide and monoxy- 

BromldeSa By the action of excess of bromine on tungsten, a penta- and not a 
hexbromide is obtained. The crystals of the pontabromide, WBr®, have a dark metallic 
lustre, ^embling iodine ; they undergo a slight decomposition by keeping, bromine 
being liberated. When the pentabromido is heated to 350° in a current of hydrogen, 
the dihromide, WBr*, is produced. Some slight indication of the formation of the 
compound WBr* was also observed, but it was not isolated, 

Oxyhromidea , — The oxybromides, WOBr* and WO“Bri, closely resemble tluB 
oxychlorides, and are prapar^ in a similar manner. 

, WP. ^ Tungsten appears to form but one compound with iodine, the 

diiodidSt which is produced when iodine vapour is passed over heated metallic 
tungsten, or oyer the brown oxide. It is a somewhat unstable compound, losing its 
iodine when hmted in the air, and becoming converted into tungstic acid. 

VUlbMBUO. On the colouring matter of turmeric, see Cubcumin (p. 403). 

TntPBlfTZVli OXXia On the action of phosphonium iodide on turpentine oil, 
see HTDBocAHeoirs (p. 657). 

On the formation of Cymene from turpentine oil, see Cyuenb (p. 419). 

The^ converse reaction does not ' appear to have been effected. According to 
Louguinine (Deut. Cfutm. Ges. Ber, r. 730X cymene is not converted into turpontino 
oil, either by the action of sodium-amalgam on a solution of turpentine oil in aqueous 
alcohol mixed witli a little ether, or by adding sodium to its alcoholic solution. 

On tho chemical relation of phospaorus to turpentine oil, and the action of tlie 
latter as an antidote in phosphorus poisoning, see Kohler a. Schimpf {Chem, Centr. 
1872, 204 ; Jdhreah, /. ChffOi, 1872, 242 ; Chein, Soo, J, [2], xi. 179). 

TUTir. See Cobiabia (p. 391), 

TYUTB. This mineral, from Helle near Arendal, has been analysed by Rummris* 
herg (Deut. Chetn, Ges. Bcr, iii. 926). 

Nb"0‘ SnO* YO OcO LsO DIO FoO UO» CaO H"0 

45 00 1-05 30*0 5*74 3*51 1*48 6 52 2*46 4*88 » 100*54, 

^co also Tamtalatks (p. 1146). 

TYBOStlTBi According to B^champ (Compt, rend. Ixxiv. 115, 184), this substance 
IS formed, together with leucine, in alcoholic fermentation induced by beer-yeast. 


XJ 

AntimdHuU and Arsenical Notsl-ylance (iv. 48).--Homihodral 
cpystols of thie mineral fiom I^olUng in Carinthia have been examined by Zepharoin^ 

(ff^ieurAJM. jEfer. [1 AUh.], lx. 809). They exhibit the faces ± »0, ± 

Y , A ly W. Qi.ntl gave the values A, 

whiAk jt •tut okTfltiamva those in B. ThC 
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formold NiS.N](Sb ; As), BnppoBiDgf of the ontimonj to be replaced by arsenic, 
requires tbe values 0 : 



s 

Sb 

As 

Ki 

BlPb 


A. 

16*22 

60*63 

3*10 

.27*38 

3*80 

=: 100*12 

B. 

16*73 

62*66 

3*23 

28*48 

— 

» 100 

C. 

15*36 

62*71 

3*60 

28*32 

— 

100 


Tia-white to steel-gr^ uUmannite from the micaceous clay slate of the Kinkeber^i: 
iu Garinthia exhibits the faces ooOoo, <x>0, and cleaves parallel to tlio cubic faces. 
Sp. gr. tm 6*63. Its analysis gave 

S Sb Ah Ni« 

16*28 6C07 804 27*60 « 90*79. 

* Witli traces of cobalt. 

(M. V. Lill, Jahrb,f Min, 1871, 641). 

UUmannite free from arsenic occurs, with spathic iron ore, in clefts of the limestone 
near Waldstein, in Carinthia, usually in laminar or granular aggregjitos, raiely in 
crystals. The ciystals exhibit the combination ooOoo .0. ooO, without any indication 
of hemihedral forms. Decomposition and mutual action oi the mineral and the 
gipund-mass is indicated by tJie presence of a calcic antimonato, ,3Ca0.2Sb-0* + 6H-0, 
which occurs on Iho vein, partly as a greenish earthy mass, partly inpseudomorplious 
crystals of the form above described (Kumpf a. Ullik, Jahrl\f, Min. 1870, 366). 

V&ntAlNLIkUarB. On the composition of Ultramarine, see ITursteiiau (VingL 
cci. 176; Jakrenh.f. Chem. 1871, 1019); Stein {J.pr. [2], iii. 39; C^m. 
Soe, J. [2], ix. 166; Jakresb. 1871, 1020). On the blue-burning of ultramarine direct 
from the raw mass : Fiirstonau {J)mgL cii. 446 ; Jahresb. 1871, 1019). On the sup- 
posed incapability of Potash to form Ultramarine ; Stein (J. pr. Ch^m. [2], iii. 137 ; 
Ckerti, 8oc, J, [2], ix. 451). 

WMCBSX&IVBROinif From experiments by Kachlor, reported by 

Hlasiwetz (^DeuU Chei/i, Ges, Her, [2], ix. 660), it appears that umbelliferone, heated 
to 100® with acetyl chloride, is converted into monacetyl- umbolliforono, 
C*H*(G*H*0)0*, which, after rociystalljsiition from dilute alcohol, forms small colour- 
less needles, nearly insoluble in water, easily soluble in warm alcohol, aid tiuor- 
escenty though somewhat leus. strongly than puro umbolliforono. 

Umbelliferone boiled with* strong potash yields resorcin, together with carbonic 
and formic acids. Hlasiwetz represents it by the formula C®H*(OH.O)*(C.OH). 

VMimoaawZOXC AOXB, G'‘TI"X<0>. This acid, dismverod by Oxiess (Ist 
Su^, ZIS), may be produced by molting together urea and amidobonzoic acid: 

C'H'NO* + COH^N* - + G»H*N*0» 

and its ethylic ether in like manner by fitting urea with ethylic amidobenzoatc (see 
Bxhzoic Acid DxRnrATivifis, p. 166). 

Hltro«immtdol>enaoIo Aelda (Gness, J. pr. Chem. [2], v. 227 ; JOetti* Chm> 
Ges.JBer.y. 192; iVw. Itou. Soc. xx. 168). The dini tro-uramidobenzoic acid, 
C"H*{NO*)*0*, formed by the action of strong nitric acid on uramidobenzoic acid 
Suppt, 318), is a mixture of three isomeric adds, which cannot bo separated from each 
other, owing to the great similarity of their prorortios. 

AYhen the solution of the three dinitro-acids in aqueous ammonia is boiled fus 
time, th^ are converted into the laono-uitro-acids: ' 

G«H«NW + H*0 - C»HW0» + HNO*. 

^ adding baxinm chloride to the hot sblntion on cooling, the barium salt of ^ 
^-omd is separated in needle-shaped crystals. On concontratiDg the moth^-Hqtto^ hi 
this salt bv evaporation, the salt of the o-ocid separates in mteroscopie needles ; W 
barium salt of the third acid is obtained 1^ ixnling the mother-liquor 
previous salt to dryness, and washing the residue with water. It ciystaHihes tfm 
hot water in bright yellow seedea " 

The three ncicb set free from the barium salts by.mean8 of hydroehl^^^iW 
the fbllowbg properties : * 

a-yilro-uramiO^^ crystallssw in bright 

or small plates ; itisvmyilfghily stable in cold liteter^ sp^gly in 
; infabtalooIioL- /-O-- ■ 

. in slioditt 
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•f^KUro-vramidobencoie acid is very slightly soluble in all neutral solvents, and forms 
small y^low scales. 'When the free acid and its salts are boiled with \rater for a 
considerable time, the following decomposition takes place : 

C»H»NS0» + H*0 « C'HWO* + CO* + NH>. 

The a- and /B-scids are reduced by tin and hydrochloric amd to the amido-acids. 
a^Amido-uramidobmgoicaeid, 0"H'{N1I*)K’0*, is but slightly soluble in hot water, and 
loss so in alcohol; it forms a white silver salt, C''H*N’0*Ag, and a hydrochloride, 
C*II*N*0*.HC1, wliich is almost insoluble, oron in very dilute hydrochloric acid. 
fi-Amido-uramidobenzoic acid is very little soluble m water, and, curiously enough, 
does not combine with atrids, but forms metallic salts having the formula 
C“H*N*0’M'. On boiling this acid with hydrochloric acid or baryui-water, it gives 
off ammonia, and a now acid is formed, which may be regarded as amidobenzoic acid, 
in which one atom of hydrogen is rephiced by {CO)N, and may therefore bo called 
fi-amidocarbommidobaizoricacult G’H'(NH^)(C0(N))0’ ; this acid forms white nodules 
insoluble in all neutral solvents. 

y-Nitro-uramidobenzoie acid is not reduced by the action of tin and hydrochloric 
acid, but undergoes the following decomposition : — 

C'lIWO* + H* - C«H*N*0» + NH» + 2H*0. 


The new compound is y.-amidocar!)oxamidoh€nzoic acid. It forms white needles, which 
are almost insoluble in water, alcohol, and ether. 

By the action of nitric acid, the mononitro-acids are again converted into the 
di nitro-acids, which can thus be obtained in the pure state, Tliey closely rescmblo 
one another, forming yellowish white noodles, w'hich are readily soluble in alcohol and 
ether, but scarcely soluble in cold water. The barium-salts of the or and jS-acids aro 
very sparingly soluble ; that of the former crystallises in microscopic nocdles, tliat of 
the latter is amorphous. Barium y-diuitro-uramidobenzoate is somewhat more readily 
soluble, and forms long slender yellow needles. 

The three dinitro-acids are converted into the corresponding nitro-amido- 
benzoic acids, when their aqueouii solutions are boiled for a considerable time : 

C3*HWO* s! + N*0. 

a-Mr<Himidobmzoio acid, C W(NO*XRfl*)0*, is readily soluble in hot alcohol, but 
only sparingly soluble in water, and forms yellow prisms. The barium salt^ 
(G’H*lif-0^)*Ba + 3H*0, crystallises in yellowish-red see^cs, and is readily soluble in 
water. ^ 


fi~NUr(hamidobenzoie acid crystallises from hot alcohol in clusters of glistening, 
yellowish-rod needles, or small plates. When gently heated it sublimes in shining 
rhombic plates, without previous ^melting. Its barium salt, (C'H*N*0*)®Ba' + 2H*0, 
is only sBghtly soluble in boiling water, and crystallises in bright, yellowish -red 
prisms. 

y^Niinhamidobdnzoic acid is very readily soluble in hot water and in cold alcoliol and 
ether. It fonns yellow prisms, which melt when heated to a brown oil, and decom- 
pose with slight explosion at a higher temperature. The barium salt, (C'H*N*0*)“Ba 

+ 7H>0, is easily soluble, even in cold water. , , , i., . -i 

On gently warming these three uitro-aniido-aculs with tin and 
thocorrespondingdiamido-acids are formed. a-Diamidobcnzoic acid, C H (Nil ) O , 
is sparindy soluble in hot Water, and crystallises in minute but %vell-deflnod short 
TOisms.’ It is remarkablo for the extremely sparing solubility of its sulphate. 


C»HWO*SO*H*. . . . ^ 1 11 „ 

Tha B'diamido’aeid is rather readily soluble in hot water, and forms pale yellow 
tJatw. It* mlphato hu tho composition [(TIIXNH'WTSOW. and is a U«lo 
Bdinblo than that of tlw o-acM. Tho y-aeid orjrstrilises >n long. TOllowiah-whito 
needles ; the sulphate, (C»H*N*0*)«0<H* + UH*0, forms White, six-sided tables, and 
is almost as insoluble os that of the o-acid. . v * ,.1 • 

When the «t*diaii»ido-acid is dissolved in warm, dilute, h;^Woiic acid, insuffi- 
dent to distdlTn tbs »hols, and tbs flltsred sotation is mixed ^ 
explosiTC compound, ciystalliring in long ne^es, is formed^ This bod^ has no 


HL but emubines readily with acids, forming woU-cnrstalliseil salfo. Ifo 
wnnum is probably la presence of free hydiochlono 

compjittnd jfpot fSihed, but nitrogen is ovolTed, and an amorphous reddish-brown 

The l^po^LndN of tte two Oth« am>d(Hicids behete diftontly witli st^Ium 
aiiftt And ^ but ^e srester part being cc 


■ ‘ ■ 40.2;;;.:;, 



1188 UR^IDODINItllOPHEl^LIG ACID. 

decomposod. The barium aalt, + liPO, is readily ^iwlublo in hot 

vateTt and crystallises in slender, colourless needles. The ^•Aro-n^^Cirystallises in 
long, han>like, silky needles. It is more soluble than the iS-acid ; when gently heated 
it melts to a yellow oil, with partial sublimation ; at a higher temperature it decom- 
poses, with a riight explosion. The white needles of its barium salt^ {C’H*N*0*)*Ba 
+ 2 H* 0 , are only sparingly soluble in hot water. .... 

When eithw A tne diamido-acids is submitted to dry distillation, it splits up into 
carbon ^ozideand a phenylene-diwmine. That from the a-acid is identicu with 
the diphenylamino which is brined from the nitroaniline prepared from substituted 
anilides. The and y-acids ^eld one and the same phenylene-diamino, whi^, how- 
ever, is not identical with that derived’ dinitrobcnzene, but is a new isomeric 
modification. It crystallises from hot water in white^ rectangular, four-sided tables, 
melting at 90®, and boiling at about 252®. The sulp^tet C*H*(NH®)*SO*H* + 14H*0, 
crystallises in pearly scales. The platinum salt is precipitated in the form of brownish- 
red needles. When ferric chlorid^e is added to a solution of the base in hydrochloric 
acid, ruby-red needles are formed, consisting of tho hydrochloride of a new base, which 
probably has tho composition G*^H**N*. ^ 

There is a fourth diamidobensoic acid known, which Voit has obtained by reducing 
dinitrobensoic acid. This body is distinguished from its isomcrides, not only by its 


distillation, being completely carbonised, witI|,evolution of nramouia. 

vKAMiDODiinmonnnruo acx», 

(OH*r(COH*)N*]'(NO*)*0 (Griess, J, pr. Ckem. [2], v. 1). When picramic acid is 
added to an equal weight of melted urea, ammonia is evolved, and tho whole soon 
solidifies to a brown mass; and on dissolving this mass in dilute ammonia, and adding 
hydrochloric acid to the solution, uramidod^ptipphenylic acid is precipimted, and may 
be purified by repeat^ csy^llisation from boiling water. Its formation is tlius re- 
presented: — 

C«H»N*0* + COHW « + n*N. 

Uramidodinitrophenyiic acid dissolves with difficulty in boiling water, and crystal- 
lises out on cooling in long narrow elites of a bright yellow colour. It is readily soluble 
Sn hot alcol^SI^ yields crystidline salts with baso.s. Its baHum salt forms blood-red 
needles, an£j|pailver salt, G’H*N* 0 *.Ag,^^s h JDiddish-yellow amorphous precipitate. 

Jhiido^ramd<mitnpiiH^ C’HWO* = C*U*(NH») J '(N0?)0, is 

prepared from the acid just described by treating it with ammonium sulphide. The 
blood-red solution is carefully decomposed by hydrochloric acid, and Gio precipitate 
treated with hot water. After separation of the sulphur by filtration, the solution is 
first xendered alkaline hy ammonia, and then acidified with acetic acid. The ncid thus 
obtained crystallises in reddish-brown needles, which are soluble ^vith difficulty botlt 
in hot water and alcohol, and scjircely soluble in ether. It forms compounds botli 
with acids and bases, the latter being very stable. The ht/drochlaride, 
is i^ecipitated in white glistening scales on adding concentrated hydrochloric acid to 
a solution ctf the now acid in warm dilute hydrochloric acid. It is readily soluble in 
pure water. On mixing a hot concentrated ammoniacal solution of amido-uiamid^ 
nitrophenylic acid with barium chloride, the barium comp^nd^ (C’H’JSr^O*)*Ba + 3iH*0, 


in oold water. 


Amid(waflnxamidonitropheniflic acid, C’H*N*0* ■■ 0*Ii^NH*)[(GO)Nl(NO*)0.-^ 
boiling the hydrochloric acid solution of amido-uTamidonitTophonylie add for a quaro 


m boiling water, and cratailises thereirom in golaon-yeiiow neeoies. 
more soluble in alcohol (jhan in water, but only slightly soluble in ethw. Like to® 
preceding it combines both with adds and with buses, but the former commands 
very unstable. The l^fdneMoride, CWNH)«,HG1 + H»0, fomed by dii«Wlig the 




e^ 0 nmid^tt^Mn]rlie aeld. The iarimutalt, 

- atid, O’HWO*;* 

enriMMinidMnt^ tTMttd tin 
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fi'ce acid, pTOfiiii'ed ftom this Ci»mpoutid by the addition of nmmonifi to ita solution in 
boiling; wateiK forms needles \rhich are difflcnlt to obtain colourless, os they oxidise and 
become brown on exposure to the air. This acid is but very slightly soluble in 
lx)iling water, and still loss so in alcohol or ether. It combines with mineral acids, 
forming monacid compounds, and dissedves in potash-solution and baiytu-water, but is 
reprecipitatod by carl^nlc acid. 

mAMZBOpKAGYXilC AO», CoH^N^O”, is formed in urea and para- 
amidobonzoic Mid in the same manner as uramidol^nzoio acid from uciea and amido- 
benzoic acid (p. 166). ‘ 

VRAHUBOBZFPVUC ACZB» is the chief product obtained by 

fusing uim with amidohippnric acid. It is veiy soluble in hot water, and crystallises 
therefrom in nodules. Its salt^ C'^H’''N*0*Ag,‘is a white crystalline precipitate. 
By prolonged boiling with strong hydrochloric acid, utamidohippuric acid is resolved 
into uramluobenzoic acid and glycerin : 

+ mo = C*H*N®0* + C2H*NO*. 


When heated by itself it doeK not yield carboxamidohippuric acid, nevertheless 
this acid iii formed in mall qimntity in the preparation of uramidohippnric acid. It 
is very slightly soluble in water, and crystallises therefrom in narrow Mining laminin 
or six-sided tablets. Its harimti mU^ crystallises in needles (Griess, 

el. yw\ ChtM. [2], i. 233). ^ 

VBAMZBOSAUCTBZC ACZB, is formed in like manner by fusing 

urea with anthranilic acid. When heated to 200^ it splits up, like uramidobonzoic 
acid (p. 166), into urea and cazboxamidosalicylic acid, 

2C*H«N=0» s* CH*N^O + 


This latter acid is nearly insoluble in %ater and in alcohol, and separates from its 
ammoniacal solution, on acidulation with hydrochlope acid, in white microsoopio 
needles (Griess, loo. cU.) 

VMAXXm- Atomic weight. — Mendcl^eff doubles the usually received atomic 
w eight of this metal, makiug it 240, and re^^ing uranium us a hexad analogous to 
chromium. The reason^ for tliis change are girmin his memoir * Ueber die periodisebe 
Qcaetzmossigkeit der Chemischen Elom^nto' (Ann. €h. Pharm., 178). 

According to the atomic weight hkliertqt adopted (120), uraniumvr^rded as a 
metal of the iron-group, forming Uie oxides XJO, U*0^ U*0* ; but it diffeiss from the 
metals of this group in several important characters, viz. ; that it has a high specific 
gravity (18*4), and forma a volatile chloride (UCl*); that uranic oxide does iiot 
form salts of the type UCl* or U*C1«. but only of the type UOX' (X' denoting an 
acid radicle. Cl, NO*, &c.); and that although uranium has a greater atomc Avoight 
than iron, it is less easily reducible, and its oxides are weaker bases than tlie corse* 
sponding iron oxides. Moreover, tlie uranous salts are not isomorphous with those of 
too magnesium series, as they should bo if uranous oxide were a monoxide, UO. 
Uranous sulphate. UrS'^O* + 811*0, crystallises in the monoclinic system, and forms^ 

2(NH*)®SO*) * K*SO * } 

according to BaiilmelBberg's experiments, the doable salts ' UrS*0*J UrS*0* \ * 

to which there are no analogues among the sulphates of the magnesian metals ^soe 
further, Bammelsbm, DetU. Chm. Ges. Her. v. 1003). On the other hand, umnira 
resembles the hexaa metals, tungsten and molybdenum, in forming a jpeniaoAtonde 

An apparent objection to tlie doubling of tlio atomic weight of uranium is, t^t ito 
spedilc uat, 0*6100, when multiplied by 240, makes the atomic heat 14*86, whum is 
more than double the normal value; but the force of this objection is considembly 
diminished by the &ot that the specific heat of metallic uranium has not yet been 
accurately determined (see Hkat, Hi. 30). 

The following table exhibits the formul© of the chlorides, oxides, &c., of uranium, 
scccnding to the bid and now atomic weights * 

U .B 12a I ' U « 240 


VrtmoM Comj^tnmds. 


UCl^ UO* 

U(SOM*.4H»0 

K?U(SO<)*.H*0 


XJCl»jUQ 
USO*.2H*0 
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URANIUM. 


U - 120, 


U - 240 


Uranic or Uranyl Caw^nde. 


U•0»^ UOOl 
UO(NO*).OH*a 
2UO(NO>).8IPO 
U*0>(NH«)X00*)» 
U0(C*flW).H*0 


•if-r 


UO»; UO*Cl* 

U0*(NO»)*6H*O 

U0XN0*)*.3H»0 

UO*(NH‘)^(eO>)* 

U0»(C*HK)*)*.2H*0 


E^imaiion and SepartUicn , — On the titration of Uraiious .Solutiona, see Follenius 
(ZeHcehr. anal Chem, 1872, 179). 

On the Separation of Uranic Ferric Oxide, and on tlio estimation of Phosphoric 
acid by means of Urnninm, see H. Bhoinock {iHngl pol J, cc. 383 ; Chem, Soc, J, 
[2], X. 178). On the latter point see also p. 968 of this volume. 

On the working up of Uranium-residues after estimation of Phosphoric acid, see 
W. Jani {Chem News, xxiii. 220; Chem, 8oo. J, [2], ix. 586). 

Veiitaclilorlde« UCP [U » 240] (Roscoo, Chan. Soc. J. [2], xii. 933). This com- 
pound is obtained, together with the well-known tetrachloride or uranous chloride, 
UCP, by passing excess of dry chlorine over a moderately heated mixture of charcojil 
with any of the oxides of uranium, or with the oxychloride, UO^Cl^ It exists in two 
distinct forms acconling as it is produced slowly or quickly. When the current of 
chlorine is slow, tlio pcntaclilurlde of uranium forms long, d^irk, needle-shaped 
crystals, which reflect light with a green metallic lustre, 1)Ut appear of a splendid 
rnby-red colour when viewed by transmitted light If the rate ut which the chlorine 
passes is rapid, the pentachloride is deposited in the form of a light brown, mobile 
powder. The magnificent octohedral crystals of the tctTachloridoaro always deposited 
in quantity in t^t part of the tube nearest to the heated mixture ; then the black 
needle-shaped crystals of pentachloride are formed, mixed with more or less of the 
brown powder, which is ^norally carried for a considerable distance along the tube. 
Both the black needles and the brown powder are extremely hygroscopic, yielding, on 
exposure to the air for a few minutes, yellowish green liquids, and hissing and giving 
off^Aunes of hydrochloric acid when ^rown into water. 

The mean <n four analyses of this compound gave 57‘47 p.c. uranium and 42*82 
chlorine»( » 99*79)i the formula UCP requiring 57'49 uranium and 42*51 chlorine. 

Umium* pentachloride cannot bo volatilisod without partial decomposition, either 
wbeif heated alone or in an atmosphere of chlorine or of carbon dioxide, uranium 
tetradilot;ide and free chlorine being formed. This dissociation begins in an atmo- 
sphere of carbon dioxide at a^tempexatoro of 120^ andis complete^ at 235^ when the 
percentage of chlorine contained in the residue shows that ono-fifth of tbo chlorine 
hM been driven off. The tetrachloride, when similarly heated, loses no chlorine. 

The pentachloride heated to redness in a current of dry ammonia yields a bladt 
nitride. 

imuiateai Thalliong oxide added to uranium solutions forms a y6\l6w precipitate 
of thalliuni uranate analogous to' the uranates of the alkali-metahi (u. Boltoiii 
American Chmiat, lS72t iu 46S), 

■ Teirethi^monium UranaU, (C*H»)*NO.UO» + 8H*0, is formed on adding a 
solution of tetrethylammonium hydroxide to a solution of uranio nitrate, as a ^UoW: 
precipitate very much like that produced by ammonia, and shrinking up in drying to 
a btownish-red, amorphous, semivitreoua mara, which yields a yellow po^er. It 
dissolves easily in dilute adds. The acetic acid solution yields on evaporation small 
efystois, pidsably consisting of a double acetate of uranium and tetiethylamznonipm. 
On disBO&ing the salt in strong nitrio add, decomposition takes place (Bolton, loe. eif,) 

On Uranic Acetates and Sulpkatect aea pp, ^1^0, 

mnualo Jk»enatas. Four of these minerals fimnd, together with a bismuth 
uranate (ursiiosiAmrite) in the White Hart Mine, near Schneobeig in Saxony^ have 
been ^escribed by A. Weisbach (Mineralopicehe Mittherlmffen, 1872, 181 ; Jahmh. /, 
Minei^logie, 1878, 29fi), 'find analysed by CL Winkler, with tho following m&ui; 
resnlU: . ■ ' ' ' . * ’ 

JuPfP IfO* DW OuO CsO WO 

. . . ; 18-98 6a*2X — -- ~ 17*21 - 9e*a« ; 

Walpttista . . . . iHi 88*8^ T- i^*8 - 9r72 

Zenwnto . . ^ . / 28m . - 

: Uranoeq^te . . . . . .. 



URANOPHAITE-^BBA im 


loa^ 

■ . . . , 3UO* . As»0» + 12H»0. 

: Wilpuigin^ . . . ; 5Bi*0*. Afl*0» + 3UO» . Ai*0» -h 10H*Q. 

Zaunerite , . . . CuO . 2UO» . Afl*0* + 8H»0. 

Umnospinito . • . . CaO . 2UO* . A8*0» + 8H*0. 

Uzaaosphserito . . . Bi*0* . UO* + H*0. 

forms lemon-yellow monoclinic crystals, se^y by j^dominanee of tho 
clino^nacoid, bearing a general resemblance tojjie crystals of heulandite, and, like 
the latter, having a nncreous lustre on the clinoj^nacox’d faces. 

Wolpurgin is mostly lemon-yellow, honoy-yellow, or wax-yellow, sometimes how- 
ever straw^ellow. The crystals have tho character of tho ovdinazy crystaliisation of 
gypsum. The most highly developed faces are, as in txdgerite, thoso of the cUno- 
pinacoid, but they have an adamantine rather tlian a nacreous lustre. The projecting 
summits of the crystals are often serrated. 


Zeuncrite forms emerald-green or apple-green quadratic crystals, of pyramidal, 
tabular, or scaly character, consisting of the prism, the base, and a very acute 
pyramid. Tho ImsaL faces have a nacreous lustre, and correspond with the direction 
of a perfect clcav:igo. Zeunerite is, therefore, not only analogous in chemical 
composition to ordinary copper uranium mica (torbernito), but likewise iwmorphous 
and isoclastic with it. The two minorals aro, indeed, deceptively similar to one 
another in appearance. 

Ura.7iospinite forms siskin-green scaly ciystals having n square or rectangular 
transvorso section; their optical characters show tliat they belong to tho rhonibie 
system. The cleavage-plaiios run piirallcl to tho plane of tho scales, and notwith- 
standing the pc]:fGCtion of the cleavage, they exhibit but little tendency to nacreous 
lustre. Urauospinito probably belongs also to tlio family of the uranium micas, 
being indeed tho arsenate analogous to lime-nranite (autinite). 

UranospktBrite forms oraugo-yellow or cgg-yellow nodules, jjfonghly or finely drasy, 
and having a dull or faint satiny lustre. Under the microscope the drusy surface 
resolves itself into an aggregate of a'cutcly pyramidal ciystals, sticking out from tho 
nodules like the bristles of a hedgehog. The fractured surface exhibits a fatty lustre 
8iid a concentrically scaly structure. ^ j. 

All five specioa aresomewhatlightor-coloured when pulverised, and are inteormeaiOTO 
in harness between gypsum and calcspar. Their specific gravities, according to tho 
mean of several detezminations at 9®, are — , 

TrSgcilto Wnlpuigin Zennwito Uronospinito Urnnoiiphrerlte: 

3*23 ' 5’64 3’o3 3-46 6-36 

Titorito is thoitoforo the lightest and uranosphoerito the heaviest of the five. 

With regard to succession iu time, walpurgin and trogonte appear to be tn* olaest 
formations ; then follows uranosphserito, then zouneritc, and lastly uianospimte. 

- A hydrated uranic silicate from Kupforbeigin Silesia, having 


the followi&g composition : 

aio* TJO* A1*0* CaO MgO 

' 17^08 63-33 6-10 6-07 1‘46 


K»0 H'O 
1-86 16-11 - 100 


(Web*y, ,fe^ _ „ 

mtaarOTlXi, This is also a uranic silicate chemically and ^tallo-g»phM»Jly 
allied to umnophano, occurring in slender needles jn the druses 
eSvS. spi of WSGendoif in Bnvnria. It » lemon-yellow, 

heated, and diBeolrcs in hydrochloric aeid, *** 

BoriokyVo*»«*-/- MLnio^ ^wolycee B and 0 by Weiabac 

(<WA Wia, 206) lead to the formula UO'.SiO* + H*0. 


xro* 

AlWFe'O* 

OsO 

H*0 

66-76 

0-61 

6-27 

12-67 ■ 

68-93 

303 

6-13 

14*65 a 

62-84 

2*88 

6-19 

13-79 - 


'ntemA. Pbrewtfiofi — -Cainpaai cWm* itflf., i, 472) Hot obaerc^ 



' XJisao 

» ^0-800 giaiM rf water, and the liquid is dige^S ona wator-battWW^-MS*^? 
ia fflto^'Sr*L.f3 “ * 1 ?]? flwthing, and aa aoon aa thia ia orer, tba iiqdd ^ 
^^itetewj^, and tte flltrate praeipitated with baaie land acetot^ 
iV^edtofta^J^iUi^?” MiMv^ by h^rdrogen anlphide, and matenle aiti^' 
tha ^ nantial with buyta-water tai 

^ ?“ pmdhaae a yaHnw paoipitato. Ttia Wipitat^ • 

wi^TbarinmiSh^natr^'^f”^ '»ith hydrogen anlphjde,; tha acid iUtiato aataiated 

®“ »»tei>bath ; and the reaidua 
oivM with^nih^ »l<^ol of 94 p.c. ^ amorphonareaidne of the alcoholic extract 

which avolTe gaa when treated in the cold 

^iftont proteXd?* ^ following as the quantities of urea obtained by oxidation of 

^0 grams of moist Albumin gave 0 09 gram iiresa 

* ^■forin „ 0 07 „ „ 

” »• »» Gluten „ 0’29, 0*31, and 0-21 gram urea. 

/ SX*”’ “ 

wh^chheregarS afuiw^^ obtained from fresh pigfs bile, crystals 

decompoeitionof urea by nitrone acid i. 

OH*K*0 + 11*0* .s CO* + K* + 2H*0 . . . (i); 

ytheren WOd^ a. Zaebig aome years ago ropreaentod it by the equation : 

20^11*0 + N*0* » (NH»)»CO* + N* + CO* . . (2). 

dceordind to CSane dem. Gta. Ber. ir. 140) the reaction (2) takes phwni^' 
mtoOM n^ » added to a eolntion of urea in the cold, in the mportidn 
JPW to 2 iMla ima j te^on (1), on the other hand, when nitrous acid ie 'm^naUy 
c f . “«*• Thi« “ri>ee, as WShler a. Idebig AoWai ftom tte 

cyanteadd 

^ CHWO + NO*H « CNHO + NmNO»; 

on warning the solution, the ammonium nitrite is resolved into water gnd 
ninogen, while rae cywic acid, by reacting with the water, ia resolved into ikmifu^j n 
ana carbon diozida. i^en, on the other hand, the nitrous add is gradually oddedL tnai 
amnmniupi^carbonate formed in the first instance is resolved into nitrocmiL cai‘ 
mo^Sf Oad water. Equation (2) is likewise reaUsod when a stronger acid k add 
amlnonia salt of this add being then pri^uced. 

2. Wiui Ph^ene, — Urea, heated with excess of liquid phosgene, is conlmlid 
car^nyl-dinrea, C*H*N*0*, which, by further action, yields hydn)ohl<mil^ 
a mixto di^qranic, and cyanuric adds (p. 262). . 

^ ^ a^n of Urea Nitrate on Benzyl iffocMT'see p. 178. 


CSkw. [2], iit 1 ; Ckrnn. Soe. X [2], ix 162). 

Su^^ureoi, SuifHocaatuiciDEs (p. 1116), 

2? constitution of this add, see Kolbf/.wr. CAmx. 
0*. PW dT. 177: also Jaimb/. Citew. 187^784). 

. Salkowdti(JJ|^,^n*to./. 

Tr &». J. [21, X 88M44: tt S^mnSfc. 
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iim however oo&Dipletely fiidled to prapare this aeid,«iid am 
am*e calcic ci^tophanata ie a variable mixture of still uaknown bSdies, 

^ ^ niteAesB and impi^ea render it inipoaaible to make aa jet any daftnite 
, . ^ their composition (see Fucher, Cenir, f. d. Med, Wham, 1871^22, 
'aii^Iiimniid^ Joum. qf Amt, a, “Phye, May 1872). Thudichum has ^however le- 
vied his statement {Centr, f, d. Med, WUeen, 1872, 81), and also described another 
edd wi^ the comp^ition 0*^H’*N*0*, which he calls as existing in the 

l^o^r-liquor from which the calcie cryptophanato has been precipitated. ^ He also 
beUeves that he has detected acetic aoid as a ninnzial constituent of human urine (Dettt, 
Chm, 0e». Ber, 1870, 678). 

Bobwts (Mem, Manch. LU, a, Phil, Soc, 1862) has given a simple method of 
estimating ^e quantity of sugar in urine, which is extremely luefhl as being siiiB> 
ciently accurate for clinical purposes. The specific gravity of the urine is taken, and 
a Uttie dried yeast is added to it ; it is then set aside in a warm place for 2i hours, 
and its specific gravity is again taken ; the number of degrees of specific gravity which 
is lost answers to one grain of grape-sugar in a fluid ounce of urine, or multiplied by 
0*23, will give the number of parts of sugar in 100 of the urine. According to 
Hensley, the quantity reckoned in this way is, on theoretical grounds, about ^ too 
great ManassSin finds that for practical purposes it may bo regarded as very nearly 
exact {Deutachea, Arch, f, Klin. Med, 1872, 73) ; the number which he gives ns 
multiplier is 0*210. With reference to the detection of grape-sugar in urine by 
means of Trfimmer’s test, it is worthy of note that the reaction is much clearer if 
the urine be previously filtered throii^i animal charcoal ; in many cases indeed, even 
when a considerable quantity of glucose is present, no reduction will occur on boiling, 
unless this precaution bo taken previously. The aniinal charcoal holds back a very 
small quantity of the glucose; 

The exact places in the body at which urea is formed are still far firom accurately 
known. It has already been pointed out that there is considerable reason to believe 
fh^ ». a good deal is formed in &e liver (see Glycogxm), but many observers still main- 
tain that all, or nearly all, is formed in the kidneys, from less highly oxidised 
nitrogenous compounds brought to them by the blood. Voit baa shown that creatine 
when introduced into the blc^ passes out in the urine as creatinine, and not as urea, 
ani^he has also shown that, after extirpation of the kiduOTS, just as much urea acou- 
mulhjhfli In tbs blood and organs as after simple ligature of the ureters (Bits, d, Kon, 
1867, i. 364; sea also Gr^hant, Joum, de FAnat.et de la Phya, 
1870, 8l8)«rV /these Ihcts very strongly support the view that urea is simply separated 
firom the blood In the kidneys. It has also now been well established that muscular 
work hai yttle or no e^ct on the excretion of nitrogen in the urine (see Muscular 
T isfnni), but that, on the othsr hand, the quantity of proteid matters taken in the food 
has a very impctttimt influence. Possibly in the latter case a good deal of the urea pro- 
.coeda almost Erectly from the food, for it has been shown that leucine, whi^ is 
largely fomed in the small intestine ftom proteid foods, is, when riven to an animal, 
exeseted ibr the most part as urea (Schultzen a. Nencki, Zeitach, f, Btologte, 1872, 

. :tS8), Glycine and glycocine, when administered to an animal, riso increase the 
- fea ekereted by it. There is also much reason to behove that a gooa 
i ibsiM in tho- spleen (Oscheidlen, Ueber den Uraprung dea BamsU^a 

p2m<. It ?hy>. p. BMn. 1872, 388) liaa sng®^ Hat th. 
biia bwan urin. ii not du^ m generally suppMod, to too ptesMee <tf 
but ratber to ftee uric and bippuric adds, sinee ho finds tost tooee 
t deeompoM neutral wffie ^osphate at ordinary temperatures^ ^ ^ 

See Biut-nawnraa (p. 180). 

VlMMimMBsinCO Axm, C*H*N*SO*. This name is givMi by Jeneki 
Ohm. Qa. Sir. ▼. «) to an add prodncod by tbs action of ^ 

sulpho-pMudo^e arad (p. 1125) at a temperatnio not *5® 

we^tatedby tratwiaditodTod in anraionia,i«wcipitat.d byby^lOTe 

indd, aSdX^SlSi and dried predpitato ie Wied a 2v 

slkaU lalt thm wpantM ftom to< filtrate in white needles conteimi^ water, 
bo puriibd^bS ^wMad cryrtalliaationi The .acid precipit^ ftom rt Iqr hydro- 

T it is not altewd by heate 




IJBOXANm 

Jag it to witk tot flte Jurari. SotKimi^aliaBi eoamto it 

ZBfctod comppiiiid whi^ disaoim Mail/ in hot watev aaa czyatalUses iii niD^htodui^ 

IWNiMbinUl' : AiOiB. This noid, wHi^ Stadetor obtained by t|iB actSbn of po^h 
on dtidacid (v. 98$X hu bMn Airthw examined Stnc&er Mimi. (^/Pkqrin, ett. 
177). ^ prepare nric acid was dissolYcd in TOtaeb-lej, and left to iteeU; in a 
fitted with a potaah tube. In about eixmontha the urie acid wudeoompoaed, and tlio 
solntionf ebolM to between — 5^ and — 10^, depoeiteid cxystallised potagfinTn nzoxanatei, 
ftom which the nrozanio acid was precipitatoa by hjpdrochliorie amd. 

. Analyiee of the acid and its salts to the fonnula C*H"N*0*, whereas StBdeTer 
found C*H**N^O*a Strecker’s formula it appears that uroxanic acid is formed 

ttcan nrie add by oxidation and addition of water : 

C»H«N«0* + 2H:“0 + 0 - OH*N*0*. 

JPotassium Uroxanate, 0*H*K*N<0« + 3H*0, or 3iH*0, does not give off all its water 
of ciystallisntion till it b^ins to decompose. Tho stiver salt, C*H*Ag*N*0* obtained 
flmm it by precipitatira, is a white ciystallino powder. The barium salt, C»H*BaN<0« 
+ 5H*0» prepared in like inannerj gives off its water at 100®-110°. The calcium nUt, 
0*H*CaN*0* + 4H*0, similarly prepared, dissolves in hot water and separates, on 
addition of alcohol, in whito needle-shaped crystals. • 

mmo AOXDf 0**H**0' (Stenhouao, Proe. ffoy. Sac, xviii. 222). Preparation 
from Uanea barbata. — ^This lichen is macerated with a dilute solution of sodium 
carbonate, and the cru^ dork green acid, precipitated from the turbid solution by 
hydrochloric acid, is mixed with milk of lime ana uarm water at 40®. From the clear 
lemmi-ycllow filtrate the usnic acid is precipitated by hydrochloric acid in pale yellow 
fiocka 

Sodium usnate forms pale yellow silky needles, not very soluble in cold water, more 
soluble in alocdidl ; it is easily decomposed by carbonic acid. The calcium salt, which 
seporatos ftom a Idling solution, is also completely decomposed by carbonic add. 

Usnic acid, identdcal with that from Usnea barbata, is likewise obtained from 
JSkiemia prumstri, in which it exists together with evernic acid (p. 496). The two 
acids^ ext^ted ftom the lichen by milk of lime are precipitated together by hydros 
chloric add, and the dried precipitate is treated with boiling alcohol, which dissolTss 
the evernip ad^ and leaves the usnic acid, which may he purified as above. 

Usnic acid is isomeric with clsdonic (fi^usnic) acid (p. 353). The two adds are 
distinguished by their melting points, usnic odd melting at 203®* dadonic add at 
175®. Moreover cladonie add, when subjected to dry distillatioB, ^el^ l^ordn (iv, 
204), whereas pure usnic add yields none. 



VACieteim. The fimit of the zed whortlebeny {VaeeM^ VUia 
been examined by Gifiger (N, Jahrb. Pharm, zxxvi. 208) according to tbAtodshd&'M r 
the examination of fruits given by Fresenius (ii. 712 , 716). the jui^ 
the crushed perfoedy ri^ berries, by four times rq^tea exhaustion with disiDM 
water, was found to contain : 

Free acid, reckoned as malic Potash ... • . 6^ 

(bettor, however, as citric acid) 1'97 Lime . . . . • , Wy v 

Fruit-sugar .... 5'18 Ma g ne sia > . ^ ^ 

Tannic add , . ... • 0*48 Ferric mdde • . . •. ; ■: 

Ftotdds (pectin-substances), SUB- Water • . , . . ^*1 

pendedlhty &c. . . • fi'88 ' y! 


The benies yielded lO'lS p.e. soluble substances, 85*6.1 p^c. water»aiid.4?Wjfc^ 
residue, dried at 100®, which ooBtained 0*1 p.c*a^> The free add 
a little malic acid* The proportion of . frrrie oxide is ubumi%. lazgA m 
tzating the juice Grim reoommende adchtioti of 5 or 6; gzanui imoOl MM 
-:..bofmto to 0-5 kilos/ wwho^ebdTzieSk. 

-/ ' aamU: Iijiie»:..tai-a.. Xsit«m- XHm.- Mr.-Wife' 


digbt^ Uttwr toodMoair iiojik4» 
«haM.l>.Ri«i to tofliaii. till, tom 
. cijrmuim to uito .towmwvw 


. cijrmUlWi to; m 
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▼AUgKaJb or VAUniio AUaBTBSg &w*0. 1. Vormal Wend, 

CH* — — CHO, prepared from normal valeric acid by distilling the calcium salt ' 
vith an equivalent quantity of calcium formate, and purified by Araotional distillation, 
boils at 102®, dissolves completely in a largo quantity of water, and forms a crystalline 
compound with sodium bisulphite (Lieben a. Bossi). 

Wc. 

2. Xaovaleral. Ordinary ValerUiMdehyde, ^OH— CH^CHO (A. Schroder. 

DeuL Chem, Ges. Ber. iv. 400, 468). This compound boils at 92-6® under n baro- 
metric pressure of 758*2 mm. Sp. gr. = 0*768 iit 12*5. Vapour-density == 43*06 
(H - 1 ; calc. = 43). . J « 

Vahral-amTJUMtium, C»H®(NH«)0, exhibits tJio normal i-apour-density. A deter- 
mination at 160® gave tho viilue 62*16; calc. 51*6®. (H « 1). The vapour-density 
of tho hydrated compound, C*H»(NH*)0.7ir-0, is by experiment 14*31, which is aim 
normal; for tho 7 mols. of water occupy 14 volumes, and if tho group C*II®(NH*)0 
occupies two volumes, tho hydrated molecule should occupy 16 volumes, and we 
molecular weight 220, divided by 16, gives 14*o, which is nearly the same as 14*31. 

Aciion of Chlorine on ValeraL — ^Wheii chlorine is passed into voleral, first in tho 
cold, afterwards at 145®, as long as it is absorbed, the compound is formed 

according to the equation : 

2C*Hwo + ecp « n*o + enci + c*®n'»ci«o. 


This body, which may bo regarded as a derivative of the condensation-producti, 
CiBHi*0 (p. 1196), is a liquid having a fetid odour like that of the goat, and boiling at 
203®-204®. It does not combine with alkaline bisulphites, and is not acted upon bjr 
cold nitric acid. Boiled with fuming nitric acid it yields a nitro-derivativo. On 
treating it with a boiling solution of caustic soda in alcohol, 2 mols. of hydrochloric 
acid are taken out, and tho body is obtained, which is an oily liquid having 

a pleasant smell of mint, and boiling at 208®>210®. 

Chlorovaleralt OH*C10, is formed, together with more highlv chlorinated pro- 
ducts, when valeral is imperfectly saturated w'ith chlorine in the cold. It is a liquid 
boiling at 134®-135®i and forming crystalline compounds with alkaline bisulphites. 

Thiovaleralt — Dry hydrogen sulphide does not act upon valeral, but 

when this gas is passed into its aqueous solution, white crratals separate, consisting 
of thiovaleral. This compound is insoluble in water, soluble in alcohol and ether, 
and separates from a hot ethereal solution in asbostos-liko crystals. It has a most 
ofiensive and persistent odour, melts at 69®, and, when heated vei^ strongly, decom- 
poses, giving ofif white fhmes having an indescribable smell ; but it may be sublimed 
without decomposition in a vacuum, Vapour^density, obs. » 50*76; calc. ^61. 

ValeraldinOt 0**H**NS* (v. 974), is formed by passing dry ammonia over thio- 
valend: ' 

+ SINK* « C»H«NS» + NH‘SH. 


Thus prepared it contains an excess of ammonia, which may be removed ^ a 
current oflhydxQgen, or by dissolving it in ether and evaporating the solution in a 
vacuum over sulphuric acid. It is thus obtained as an oil, which, by standing over 
sulphuric acid in a vacuum for some time, and being then exposed for a short time to 
the air, becomes crystalline. The oily vnleraldine may also bo solidified by passing 
hydrocyanic acid over it. It molts at 41®, and is a very indifferent body, not being 
ftctod upon by Iwdp^anic acid,. cyanogen gas, or cyanogen chloride; it is insoluble 
in watw, soluble in alcohol or ether ; from the latter it crystallises in white fero-like 
leaves, haviUg the consistence of wrax. Its odour resembles that of acetamide. When 
heated, it distils with decomposition ; but in a vacuum it sublimes undecompOsed. 


Seleniovaleral, 0»H*«So, obtained by passing hydrogen solenide wto the aqueous 
solution of vidcral, is a crystalline solid* which cannot bo ro-crystallised, m ite 
solution in e^, alcohol, or methyl-alcohol soon decomposes, with separation of 
selenium in thaform of Uttifror; but it may be purified, w it voteUbsM m a curwnt 

of gas with aduflons vapoms at the common tfimfiratxa0. It larms white j^stepne 
crusts, mStte 66*6^S odonr is exceedingly o^nsivo, and prepuces difflwlty 
respiratadn m 
inorcui ■jr. ViUi fo 

gJidkitig u miitim of caAcil 
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sulphide and taleral irith aqueous ammonia, or by adding carbon sulphide to an 
alcoholic solution oCiTaleral-ammonium: 

20»H»»0 + 2NH* + CS* . C"H**N*S* + 2H*0. 

its tapour-deUBity, determined in Yaujpoiat of water and oil of turpentine, was found to 
be 60'08 and 60‘4 instead of the calculated 120*3, showing that the compound already 
dmmposes between 100° aCnd 160°. It is insoluble in water, soluble in cold ether and 
al^^, crystallising from the latter in small warty crystals. It melts at 1 1 5*5°-.! 17° 
and is decomposed on heating it above this temperature, but may be sublimed in a 
vacuum (Schrader). 

CpBdensatlon-prodnots of Valeral. Borodin i n 1864, by treating valeral with 
sodium, obtained valeric acid, amyl alcohol, decyl alcohol, C^^Il^^O, and tho condensa- 
tion-pr^uct C*"H**0 (v. 673). Further experiments (Deut. Chenu Ges. Ber, v. 480) 
hare demonstrated the formation of the acid and the condensation-product 

The first action of sodium on valeral gives rise to .condensation, and the formation 
of sodium hydrate, and the further products are formed by the action of tho caustic 
soda and of nascent h^rogen. The products formed are: (1). A polymeric valezul, 
forming a thick liquid, lighter than water, not capable of combining witli 
alkaline bisulphites, converted by .distillation into valeral. It is obtained^in the pure 
state by the action of solid potash on valeral at 0°. (2). A condensation-product 
C*^11**0*. This is an oily liquid which boils without decomposition at 260°- 290°. 
•Sp.gr. H 0*000-0*895.. It unites with sodium bisulphite. Heated with alkalis, it 
yields valeric acid, amyl alcohol and a small quantity of valeral. (3). The condensa- 
tion-product which Riban likewise obUiinod by tho action of sodium or 

. sodium-amalgam on valeral, or by heating valeral with zinc to 180° (Contpf. rend. 
Izzv. d6)t and Kekul4 {Ann, Ch. Pharm. clxii. 77), by the action of zinc chloride. 
It is an aldehyde, whi<di unites with acid sodium sulphite, and forms an oily liquid, 
having a strong aromatic odour, a sp. gr. of 0*862 at 0°, 0*848 at 20°, and boiling at 
106° (Borodin), at 190° (Kekul4 ; Rilmn). By oxidation it yields isocapric acid 
(p. 260). (4V Tho product is formed from tho polymeric aldehyde by 

elimipAtion of water ; the amyl alcohol and the valeric acid from the first product by 
tho action of caustic soda. The alcohol, is formed by addition of hydrogen 

to tho aldehyde Tho high-boiling product, nC*®iP*0, is formed by poly- 

merisation of G’®H”0. Tlie same products are formed by tho action of alkalis, zinc 
chloride, hydeocliloric acid, &c. on valeral at high temperatures. 

vTAUBULXiBlira, See p. 1196. 

▼AUUBAM13>8t C®H*O.NH*, is formed by heating valeric acid with potassium 
snlphocyanate. It is u white cryst^lino moss having a xdeasant aromatic wour like 
that of yalerian-root, soluble in water, alcohol, and other, and eiystallising firom water 
in laige, thin laminie. It melts at 126°-128°, and sublimes much below its boiling 
point; which lies between 230° and 232°; distUp^ without decomposition (E. A. Letts, 
Beut. Chem. Gee. Ber. v. 660). Compare v. J74v ' i 

▼Aunuc or VAUBiairiC ACZB, - G«H*4pbOH. Of the four 

possible modifications of this acid (Is^ Su^, 1121), tliroo only are known witii 
certainty, viz. : 

Normal Videric acid, CH»— CH»— CH»— CH*— COOH 
Isovaleric acid, (CH*)*OH— OH*— OOOH 

Trimethyl-aoetic acid, (CH’^C— GOOH, .. 

The fourth modification, or ^nethyl-etkj^aoetie acid, | OH-^QOOH* ii, hoirem 

in aU probability the acid formed by the action of ethyl iodide and fnetaUie sUver on 
Beilstein'e iod<mropionic acid, produced by the action of lediiie and |^bj^6rfii/ 0n 
glycerie acid (iv. 783; lei 961). This iodqproplti^ add M fisTmerly 

refiatded as havinijr the constitution — 00*11^ end copseqnentjjy the 

acid, formed from It as above, was supposed to be iwrmal valeric edd (Xd 
1121); but V. ISkshneider a. Erlonmoyer Imve' shown (JDMi 
602) that the trim /C6DsMM|im of this kdopropionio add 
inasmuch as it iee^verii^^j^^ aciyH^ add : 

■■ ’XoqTO'^'.Xl .,+ 
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formed from the iodopropionic acid in question is not normal valeric or ^pyl-acetic 
aoidf but metibiyl-othyl-acetic acid. Respecting Mmctkyl-acetic a<^ see p.. 1182. 

Vomwl VatorlOf Propyl-aoetlo. orButyl-rormlo Aold,GH*— <CH^— COOH 
(Lieben a. Rossi, Gaseetta chimioa itoHaaML^ i. 239\ This ^id is formed by oxidation 
of normal amyl alcohol, and by distilling normal outyl cj^ahide with alcoholic potash 
in a retort with reversed condenser as long os ammonia continues to escape. Qn 
distillinff off the alcohol (which contains ammonia and a mixture of mono-, ' and 
tri-butyiamino, formed as secondaiy products), dissolving the residual saline mass in 
water, saturating approximately witli sulphuric acid, filtering to separate potassium 
sulphate, evaporating the filiate to dryness, and treating the rosidno with dilute 
sulphuric acio, the valeric acid is separated and rises as an oil to the surface. This 
oily liquid washed with a little water and distilled, rejecting the first few drops, which 
are slightly humid, yields pure valeric acid boiling within an interval of l‘d°, and 
yielding 1^ analysis 58*63 p.c. G., and 9-62 IL, the formula G^H^^O- requiring 58*82 G., 

Normal valmc i^id has an odour more like that of pure butyric acid than that of 
ordinary valeric acid. It boils at 184®-18.5® (corr.) under a pressure of 736 mm. 
When cooled to — 16°, it becomes slightly viscous, but does not solidify. A cubic 
centimeter of this acid dissolves at 16° about 1 c.c of water ; on adding more water, 
a lower aqueous layer is formed, on which the valeric acid floats, but after the 
addition of 27 c.c. water to 1 c.c. acid, complete solution takes place. The specific 
gravity of normal valeric acid referred to water at the same temperature is as 
follows : — 

Temperature . . . 0° 20° 40° 99*8° 

Specific gravity . . . 0*9577 0*9415 0*9284 0*9034 


Normal Vahrates. — All the following salts were prepared by saturation, excepting 
the copper salt^ which being but sparingly soluble, was obtained by precipitation. 
The sodium ‘SaH is very soluble in water, and the hot solution gelatinizes on cooling. 
The barium saltf (C^H*0-)^Rp, is more soluble in hot than in cold water, and its hot 
saturation solidifies on cooliug to a mass of unctuous laminar crystals. The dry salt, 
obtained by evaporating the solution at ordinary temperatures and exposing the crystals 
to the air, is neutral and anhydrous. 100 pts. of a solution saturated at 10° contain 
16*906 pts. of the anhydrous salt. TbJO calcium salt is. obtained by evaporation at 
ordinaiy temperatures in small, shining, unctuous laminee, resembling those of tlio 
barium salt ; th^ contain (C*H*0®)'-Ca + H*0, and give off tJieir water of crystallisa- 
tion at 100°. This ailt exhibits a maximum of solubility at about 70°, so that it 
sc]>arat6s from a hot saturated solution on cooling, and from a cold saturated solution on 
heating. A solution saturated at about 20° contains 8*0800 p.c. of the anhydrous 
salt. Tfte manganous s<dU (C*JP0*)®Mn+H30, forms small faintly rose-colour^ 
crystals, which pve off their water at 100°. It is much more soluble in cold than in 
hot water, and a solution saturated in the cold deposits, when hoaf^, a precipitate 
(probably of basic salt) which does not redissolve completely on cooling ; this decom- 
position by heat takes place with especial facility in dilute solutions, so that such 
solutions cannot bo coneentmted by heat. ^ 

The ou^ sedt^ (Q{H*0*)*Cu, is obtained, by precipitating the sodium salt with 
cupric sulphate, as an azure-green substance, which partly dissolves when washed 
and digested with water at ordinary temperatures. ^ The resulting sky-blue solution, 
when evaporated in a vacuum over sulphuric acid, yields the neutral salt in groups of 
green microscopic needles ; its powder has a b'ghter colour inclining to sky-blue. This 
salt is likewise more soluble in cold than in hot water, its solution becoming turbid 
when heated/ and always depositing a small quantity of basic salt, which does not 
redissolve on cooling; and on eiaporating the solution by heat, a residue is obtwned 
consisting chiefly of a sky-blue basic salt. On boiling a dilute solution of the 
neutinl salti or heating a solution of the basic salt, cnpiic oxide is precipitated, and 
Valeric odd volatilises with the aqueous vapour. The same decomposition ap 
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ftom BoUit^iiil a little fteo acidi especially acetic acid, in lax^, highly 

Ittstrone,^ appoxentily trtoUaio laminfe. it is sparingly soluble in cold water, inore 
soluble ii^pik wrativ, and in water containing free fatty acids. It is permanent in the 
air, and not much aiterc4.^by light. The cijrstals rotate rapidly on dilute nitric arid. 
The barinm mU cxystaUWi in anhydrous prisms or laminrn belonging to the triclinic 
syste^ ; they are permaptet in the air, and rotate quickly on water. The aqueous 
solut»^ deepinposes gradually at ordinary temperatures, more quickly on boiling, 
ginng off valenc acid. 

2. Prom Valerian root , — ^The erode add contained formic acid, acetic acid, and an 
acid boiling, at 180^-196^, but not butyric acid; it was dextrogyrate, but by reciy- 
* stallisation of the barium salt, n perfectly inactive acid was obtained. The silver 
barium salts rosemblo those of the acid from isobntyl oyauidc. 

,3. From Amyl Alcohol , — ^The separation of the active and 'inactive ainylic alcohols 
was effected ly -Pasteur^s method, depending on the difieronco of solubility of the 
corresponding amylsulphates of barium (i. 203). The valeric acid prepared from the 
inactive alcohol, when purified by rocrystallisation of its barium salt, and separation 
tberefriMn, was absolutely destitute of rotatoiy power, and agreed in other respects 
witli the acids prepared from isobutyl cyanide and from valerian root. The valeric 
.icid prepared from the active amyl alcohol (too small in quantity for complete purifi- 
cation) l^iled'^for the most part between 168° and 171°. Hotatory power » + 30° 
to 40°. The silver salt crystallises from acid solution in laminm, from neutral solu- 
tion in felted featheiy crystals. Tho bariu?a salt remains on ovapomtion as a tliick 
syrup which often only after some months deposits small cr^vsbils resembling those of 
the barium salt above described. Tho syrupy mother-liquor scarcely wots paper, so 
that the crystals cannot bo freed from it either by absorption or by pressure ; it dries 
up to a varnish. The solution of the salt dialyses witli peculiar facility through 
parchment paper. Tho salt dissolves in all proportions in alcohol, but is insoluble in 
ether. 

Tho separation of active valeric arid from a mixture of tho two cannot bo completely 
effected by crystallisation of their barium' salts, or by fmctionnl distillation, or by 
partial oxidation of a mixture of tho two alcohols. Erlenmoycr a. Hell found, how- 
ever, in a commercial product consisting of a mixture of amyl valerate and amyl 
alcohol (residues of tho premration of vueric acid) a material for the prcpamtioii of 
very active v^deric acid. The acid obtained from it by saponification of the valeric 
ether had a rotatoxy power « + 48'7°, and boilod at 172’6°-173*o° under a pressure 
of 721 mm. 

. Valeric acid, active or inactive, is easily oxidised by a mixture of 2 mols. water, 

1 mol. strong sulphuric acid, and as much potassium dichromate as can dissolve 
therein at 20°. The products are acetic amd, carbon dioxide, and water. If the 
inactive acid were isoWtyl-formic arid, its oxidation would probably take place 
according to the equation : 

-H 0» - 8C6* i 8JI»0 + 


yielding 123'9 p.c. CO”. Tho acid from inactive myl alcohol actu^y yielded 120 04, 
and that from valerian root 123'4 p.c. CO”. Tho quantity of carbonic acid produced 
by oxidation of the active acid was too variable to give any distinct indication of its 
constitution. ^ . 

The active acid, heated for a qnarter of an hour with a few drops of strong sulphnric 
arid, becomes optically inactive without alteration of its other properties. 


4. From Leucine , — The cold saturated solntion of leucine, ^ 
elastic tissne or various proterds wiUi dilute sulphuno arid, is opt: 

1 1 '.I. . ^ 
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valeric acid obtained ly heating it with a mixture of potassinm diefazomkte w 
ganese dioxide and sulphuric acid, or by fusing it with potash, Was f 
quantity to be completely purified ; it contained alitUe aeetto Mid; Its totstqiry 
was + 17®- The barium salt showed little tendency to crjj^lise, and it 
possible to decide whether it consisted of a single salt dr ot^ picture of t;^.. - 

Erlonmeyer a. Hell are of opinion tlM vnisrie arid obtaiiied ikom tals^ 
by oaddation of amyl alcohol, or of lenclne from i^rious protriLd% 
mixture in voiipts proportions of two acids, one of whien is iso^l^'^^ 

iSv is the ddticalW actiye acid, whose boriim 
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yanadUliie.-~-A nustore of ealcie hyporanitdate with augitic Sttbatance, founds 
together with lawrowite, near Lake Baikal (eee Lawbowitk, p. 726). 


▼AWZXiUO AOXD or VASnuntt 0*H*0*. The odorous principle of 
Tauillai the fruit of Vanilla ^anifolia^ has been the subject of various contradictory 
statements. Gobley assigned to it the formula C**H*0* ; Stokkebye regarded it as 
(V. 994). W. V. I^utner {Suae, Zeitschr. Pharm. x. 641, 676, 706; Jdhre^, 
f, Chm, 1871, 816) regards it as a neutral substance, vanillin^ having the composition 
C*H“0*, and states that when boiled with potash-ley it takes up water and is con- 
verted into a monobasic acid, vauiUio acid, 0®H**0*, the silver salt of which oontaimi 
C»H»AgO». MR 

The true composition of vanillic acid has been determined by P. Carles (fiM Soc^ 
CAim. [2], xvii. 12), who has described and analysed many of its 
vanillic acid, which forms an effloroscenco on the surface of the ripe 
at the bottom of tlio vessels in which they are kept, was dissolved 
colorised by animal charcoal, and seveml times recrystallised. By'lS|i!nln^|K3BR^ it 
separates in large translucent prisms, which may attain a length pf mp^ ^an 2 c.m. 
It has a pungent taste, and when fresh and pure, only a faint which, 

however, becomes stronger on warming. It molts between 80^ be 

sublimed, but when distilled from a tube, posses over with and 

becomes partially resinised. It is veiy soluble at ordinary temp^rarik in alcohol, 
ether, chloroform, carbon sulphide, and oils, gives off 1*2 p.c. water at 15% aod a very 
large quantity at boiling heat. It decomposes carbonates and saturates alkaline bases 
completely at ordinaiy, and alkaline earths at higher temperatures. Its lead, magnesium^ 
and eino aalta, (C)"H’0*)*M”, are sparingly soluble in water, and are obtained by pre- 
cipitation. The lead salt is decomposed by boiling water into a more soluble acid salt 
ara resinous basic salts. These salts are Wt little altered by exposure to the air, but 
the ammpnium, potassium, sodium, barium, and calcium salts quickly turn browu in 
contact with the air, and leave a blackirii indistinctly crystalline residue when their 
solutions are left to evaporate in a vacuum. 


Bromovanillie acid, C*H'BrO% is formed by adding bromine in slight excess to 
a concentrated lukewarm aqueous solution of vanillic acid — taking care to prevent rise 
of toniperature — as a precipitate which, after crystallisation from alcohol, and finally 
from boiling water, with addition of animal <^arcoal, forms nacreous, scentless, light 
yellow crystals, which dissolve sparingly in cold wntcr, moro easily in fl4coho], ether, 
and chloroform, melt at 161% and sublime without decomposition. The mother-]iquor 
contains more highly brominated products. 


Mono •iodo vanillic acid, 0*H'IO*, obtained by adding alcoholic iodine toaqueoua 
vanillic acid, forms white nacreous crystals which, after two recrystallisationa fi^ 
alcohol, melt at 174% sublime undoedmposod, and have a faint odour. JH-iodovanUlta 
acid, C*H*X*0% obtained by using an excess of iodine, forms nacreous crystals slightly 
soluble in bmling water, insoluble in cold chloroform, soluble in warm alcohol and 
ether. 

With ckhfine, vanillic acid does not form any crystallised substitution-products 


detion of mdting Boiaah on VaniUio add . — ^Whon vanillic acid is gradually added 
to melting poUMh, the Pohled mass treated with strong hydrochloric acid, the whole 
then shaken with ether, and the ethereal solution left to evaporate, small warty 
crystals areobtaihed of a ewppund regarded by Carles as oxy vanillic acid^^ Thia 
substance, after two crystalllsatibiis from hoUing water, forms white^ scentless, pnsmtio 
epvwfaila .4 . 1 aao In vArv nnliiblfi in boiUnff water, soluble 
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nitric acid, <^oc%|W, ouiu. 

AetUm ^ vii, heated to'lOO* in a eeJed toh» fa r W 

hours with five weighb of fli^g hydriodic acid, forms a brown p^uet 

Trhich, ottdistiilatipii; (Carles). 

aMitMi.---When CDniferiD,C>W>0> &e 

contained in mbita of wniferous woods iUt Su^. 480), is digested at 2^ -80 

- ^ emuisiik Ik splits up into glucose and a substance 

italUiia do^ki, and, after purificataon by solution in 
[•■iQC ■ Thhi substance aoqmres the odour of vaniUa on 
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othtt with vamllie add fW»n vanfUa. forming lilid same salt^, and £he same 

bromibe- and iodine-deriv^ativaf (Tieman a. Haannann, Deut, Chm, Ges, Ber, vii, 
608). 

l^en coniferin, tha cr^stallina substaoea C**H *0*, or vanillic acid, ia f^ed with 
potash, protocate^uie add is formed, and vanillio acid heated with hydriodic add 
yields methyl iodide. Hence vanillic add may be inferred to be a methylic ether of 

fOCH* 

protomdedinio aldehyde, vis. This aldehyde has not been actually 

separated, foom the products of the action of hydriodic add on vanillic acid, but it is 

^ j methyl chloride, when vanillic acid is heated to 180®-200®‘with 

shloricocid. With acetic anhydride vanillin yields acetyl-vanillic 
OCH* 

0C*H*0, and with bensoyl chloride it yields benzoyl -vanillic 
< CX)H 
OOH* 
acid, C*H* OerffO. 

The siilMtaneis^^^^ is probably a methyl-ethylic ether of protocntechuio 

aldehyde, or an etl^^lie ether of vanillio add, and may be represented by the formula 
f OCH* 

CsH*iOC*H*, this view being condrmed by the fact that hydriodic add decomposes 

loOH 

the substance, with formation of methyl iodide and ethyl iodide. Protocatechuie 
aldehyde was not actually detected among the products, but protocateohuio add and 
pyrocatechin were found (Tiomann a. Hanrmann). 

varCB. Vida saliva. — The composition of three varieties of vetch-seed has 
been determined by H. ^Woiske-Froskau {dnn. d. Landwirthschaft, Wochenblait. 
Sept. 6, 1871 ; Chetn. 8oc. J. [2], x. 840). 
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On the formation of Aspamgin in vetches, see p. 108. 
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(E. Baumann, Asm. Ch, Pharm. elxiii. 808). 'The 
bromide and iodide of einyf, (PH*£r, and C’H*I, are acted on by sodium methvlate at 
endinazy temperatnres,. even in the shade, yielding the same products ns wBon the 
action takes place at a higher temperature, via; acetylene, sodium bromide,^ me^yl 
alcohol, and a trace of a substance which may perhaps be nllyl alcoiiol, as it gives 
nso to an odour exactly resembling that of acrolein when treated with dilute sulptiurio 
8dd and potassium dichromato. 

Pure potasdum cyannfs (prepared by saturating alcoholic potash with gaseous 
hydrocyanic acid) and silver cyanide, hnvp practically no action on vinyl bromidi^ area « 
alter several hours’ beating at 140^-.150^. 

; When.vinyl bromide w kept in a sealed tube In the dark, qo change ensued 
even aftm several weeks ; but if exposed to direct sunlight, it becomes changed into 
an isomeric, solid, non-ciystalline, porceloin-like, clastic snl^tanee ; thil chf^e takes 
place more zapidlv with moist bromide than with the perfectly dry aabstimoe ; the 
presence of a small quantity of alcohol neither acoelerafos B(»*.^zetaxdi 
This solid substance has the sp. gr. 2*075, whereas the li(jujd has 

1'52 (Begnault). It begins to docompose at 125^-lgO^ Aiiid isbi^ little acted on by Ik»}* 
ing alcohoUe pc^h ; after twelve hours heating to i^th this >edgept;J^f - 

evert |t forms A biown-bladc substance, insoluble ip all i&nstnUH all thebtomloo hwg 
removed firom it without evolution of gas. Bulihurio add dirmfoesdie substai^^ 
being heated with it ; boiling nitric add has but iitde msHon oti jib; bfOnlM 
it, forming A'loose cioinpOttAd, whfoh ‘ ‘ ' * 

on triMtment with wateCt aleblplf or huoriif. 

Viiayi ehlwride * eboage by ths ahifoit :< 

faomeride of jfoniliur appeittiSi^ 

tpee^gml^jaf 
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Biohloreth^lidene (chlorinated vinyl idiloride), boiling at is aUn changed 
into a solid isomendo by tho action of L'ght. This body has been described by 
JElegnault, and a similar modification of brominated vinyl bromide by Sawitsch. 

preparation of vi nyl iodide from ethylene iodide is difficult, the yield being 
very small; it is not obtained by tho action of potassium iodide on vinyl bromide; 
sunlight decomposes it, setting free iodine, Wliich probably prevents the isomerio 
transformation of the unaltered iodide, as a trace of free iodine prevents this change 
in the case of vinyl bromide. 

vntZDZJTBv On the occurrence of this base in tobacco-smoke, sde 

Tobacco (p. 1161). 

VXVlABrira, 3rc0.I«0» + SIPO, or Fe*(PO*)» + 8H^O. Maskelyne a. Flight 
{Ckem. Soc. J. [2], ix. 6) have analysed several specimens of vivianite from Oornwml. 

a, Palo bluo-green cr^'stnls (examined ciystallogi’aphically by Cr. vom Bath, JPogg, 
Ann. cxxxvi. 405), occurring with quartz, and chalybite in tho cavities of a gangue 
composed of blende, with small quantities of galena, iron pyrites, copper pyri& and 
mispickol. b. From tlio same locality ; dark blue fragments of pulverulent structure, 
sometimes enclosing imperfect dark brown crystals, c. and d. Fine crystals from 
Fernando Po. 


FeO 

Po"0* 

P-0- 

00- 

SiO- 

H-0 

Organlo 

mutter 


a. 42-71 

1-13 

28-63 

— 

— 

28-98 

— SS 

101-33 

b. 37*21 

9-17 

2390 

5-16 

0-81 

23-87 

0*29 =. 

100-41 

c. 42-89 

0-80 

28-79 

— 

— 

29-44 

sa 

101-92 

d. 38-60 

5-08 

27*80 


— 

28-33 

B 

99-71 


Tho whole of tho iron was doubtless originally present as monoxide ; but the nearly 
colourless powder of the variety a oxidises even during trituration, its colour changing 
to deep blue. Bearing this in mind, the composition of all the species may be 
represented by the ordinary formula of vivianite. 

VO&OASrXO aMAWATXOirat On the Gases evolved from tho Fumaroles of 
Vesuvius and Etna, see Scacchi {Min. Mitik. 1871, 54; Jakresb. f. Chem. 1871| 
1220 ; 1872 , 1176 ). 

On the Gaseous Exhalations from tho Solfataras of Pozzuoli ; S. do Luca {Ann. 
Chim. Phys. [4], xxvi, 280; Jahre^. 1872, 1175; Chan. Soc. J. [2], x. 204). See 
further t^e article Gasks, Volcanic, in this volume (p. 550). 


WAD. C. P. Williams (C6«Ji. mi. .237) describes an anhydrous wad ^ 
ourrine in the auartz-veins of the gold districts of Nueva Providencia, Veneroeh^ 
oonto%ng; 46%T3 p.c. MnO, 7-646 0. 4*073 1^934 

8*566 OoO, 10*386 KIO, trace of ZnO, 1*606 CaO, 1'653 JIgO, and 8*668 SiO*. 

of throe stroimen/cf wad from diffei»ntlo^^^ « Germany are given 




WAUrmi;* See KXOUXIV (p. lOSO). 

WAT3IB. On the Compressibility of Water, see LiQinns (p. 766). 

BpecUki G. A. flirn finds that tho specific heat of water does not exhibit 

anyYrroguIarity nror iUpoint.9f maximum density, but merely changes somewhat 
more^quiekly beloW t^oa abpve th^ point (Compt. rend. Ixx. 831). 
i^cfl^inc.-.BoUSsingBult(^ 77) ob^odthat water eneW at 

4® in a cast-steel tube^hi^ enoug# to be reg^ed as inextoneiblo, remained liquid 

for several (Uya at - 5 l 4 ®, as shown by the mobility of a steel b^l 

the tube. Sudifiiiato toqk^^aceas soonaatho tube was opened and the water 

3toinB W» **ri* examined the physical 

t)hen^^ tS^tfstlha of WM the fr&xdng of water, Hqwever low . 

tha iAr ™ •water, at the moment of 

»®y sdattoring of i^mgroonts, n«v^ 


1204 


WATBR. 


fche pressun. thereby exerted was eufSeieiit to roduee the entire volume by A to A 
(compare iii. 79). 

According to Tollier Ixxv. fi06), ordinal^ urator can be cooled in a 

glass vessel to —3® or —4® without freezing, even when briskly shaken. A very 
violent concussion, however, frequently causes it to freeze, and the solidification may 
be instiintly determined by dropping in crystal of ice, needles of ice being then 
formed, which traverso the entire mass, and the temperature rising to O*’. Thoso 
phenomena are similar to those which tako placo in supersaturated salino solutions. 

. Zopjiritz (Pogg. Ann, J^gdnsb. v. 497) has shown by careful experiments that sea- 
water in ficeezing exhibits no deviation from the general law' which governs the 
variation of density with temperature in all liquids excepting pure water. 

BoUey {Dingl. pol. J. cxcviii. 267) has shown that tJio concentration which is 
observed in sea-water and in strong saline solutions in general by the act of freezing, 
takes placo also in spring and river-waters, even in such as have but a very slight 
degree of liardiiess. A litre of filtered water from the Ij^ike of Ziiricli left on evapora- 
tion 0428 gram of saline residue (dried at 110°), whereas a litre of filtered water from 
the thawed ice of the same lake yielded only 0*026 gram. 


Decomj^tion , — On the dccom]xisition of water by sfino in conjunction with a more 
negative metal, see ELEcrnoLYsis (p. 434). 

H. T. Brown (Chem, Soc. J, [2], x. 577) finds that water is decomposed during 
vinous fermcntatioiif and that the decomposition is facilitated by an increaso of 
atmospheric pressure. 

According to V. Meyer {Compt, rend. Ixxiv. 106), vapour of water passed over 
boiling sulphur is decomposed, with fornuition of sulphurous and thiosuliihuric 
ucids. 


Detection and Estimation , — ^For the detection of water in the state of vapour 
Schoras {Deut. Chem. Ges. Ber. iii. 11) recommends paper impregnated with solution 
of calcium igaimocyanide^ and decolorised by heating. Exposure to vapour of water 
immediately restores the colour. 

The preseoco of water in common Ether may be detected by dropping the ether into 
carbon sulphide previously purified by means of silver amalgam. The slightest 
quantity of water produces a milky turbidity (V. Wartlia, Dmt, Chem. Gcs. Bet. iii, 
82 ^ 

^ Water may be detected in Essential OUahy the turbidity which it proilucos when the 
oil is^mixed with sovoral times its volume of petroleum ether (Louche, J. p. Chem. [2], 

On the estimation of water in Acetic add by observation of Uio freezing temperature 
of (he aqueous acid, see Acktig Acid (p. 3). 

On the mode of combination of H’ater of Crystallisation^ sco F. v. Kobcll {Voqq, 
Ann, exli. 446; Jahreab.f. Chem. 1870, 204). 

F. ^dbx infers from Landolt’s tables of the boiling points, specific gravities, and 
refractive indices of isomeric bodies, that when h^'drogon is present in a compound in 
the form of water, it lowers the index of refraction, but raises the specific gravity and 
Ihe boiling point (Deut, Chem. Gee. Ber, iv. 156). 

'Winter Analyeles Estimation of free Oxygen , — Schiitzenberger a. Gdiatdih 
ifiomAU rend, Ixxv. 879) estimate the free tngrgen in water by means of sodlwn J^m 
sulphite, KaHSO* (Schutzonbergeris hyc^sulphite, Ist^Suppl, 1063), which absorbs 
, irith great rapidity. The reaction consists in the conversion of hyposulr^ 

pnite into the acid sulphite of sodjjlilBi, and the amount of hyposulphite thus oxidiBe4 
by a water is determined by ihsans of Oonpieris soluble aniline-blUe, which is 
instantly decolorised by the hyposulphite, and not affected by the acid sulphite. 
Sodium hyposulphite also decolorises an ammoniacal solution (ff cupric oxides while; 
the ^ium sulphites do not, and this solution may also bo used as a means of 
titrating the tost-solution of hyposulphite. It is necessary to exclude the air from 
toe Vrator during its; with the hyposulphite, and for tliis purpose It Is.: 

covered ^th a thin liyer of oil, beneath which toe beak of tile burette is i^e to 
dm. The hyposulphite solution is added from a buMte, tint to the standard (mlu^ 
or copper to determine its s^ngtli, and then to a litre Of toe water eblojjred with r 
Coupler's blue. . The disaj^^eimnoe of toe colour in each case shows the psweDce ;^ 
anwdiB^ hyposulphite, aid l^^bre the completiQn of the action ' i 
A anetood of dx^yed in water U'^smb^ lby A. Aijimwobiu 


Afi^^rii. 142 ; 

:Vf> - 




m--m 
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»i.° “* ^ 

«« “ ^ detecHra imd estimtion of NUrOtu and mrie add in Water*, «ee pp. 8fi4, 
oLi ‘®® ***“ Wittetoin {DinglpO. J.S. 123; 

“”■ ■*>' *■• 

«.*•“ ''■"’ '• »• »”■”'«(“<-*'• — 

ro?" in WeU and ffiver Water*, gee H. Fleck (J. pr. Ohm. 

[2], V. 263 ; Chcm. Soc. J. [2], x. 1041). 

On th^B detection and estimation of Organic matter in Water, aoe A. Muller (Vetit. 
Chm. Ges,Be^ i»- 659: Jghrceb.f. CJmn. 1870, 876); also Wittetein cc. 


« V jodv, OfOi; 0180 WlltSWiniA; ^ 

123; Cheni. ^c. J. [2], ix. 764), also 33. ^hurmaun (»7. pr. Chein, f2], iv. 374 

.inAwjt/i. r fJhjtm D’riSl V- 1-1 i«_ ii ■ fl .• *>Yf 

C/Um, . 


. NewSf 


--- » L-'ji ««« ji. Kxjxiunnuuu i*/. pr. %jnem. ix\ 

Jaknd)./. Chem. 1871, 876). On Frankland’s meUiod of estimation: Ck 
XXV. 157. 

On tbe dcterminaton of NiitMenoua Organic matter, see J. A. Wanklyn iChe^ 
News, XXIV. 10 ; xxv. 167); B. Campbell xxiv. 19). 

Oil the determination of tho quality of Potable Waters, see AlmAn (Bcut. Ohem* 
Ges. Ber. iv. 760); also G. Bischof {ZeUschr. anal. Chem. x. 441). This paper contains 
descriptions and figures of the microscopic appearances presented by tlio evaporated 
residues of potable waters contaminated with various kinds of organic matter. 

On the alterations of Potable Waters, see J. Muller (Arch. Bharm. 121, cxlir. 27 ; 
[3], i. 886; Jahrcab.f. Chem. 1871, 165). 


Determination of tho Hardness of Waters: E. Roicliardt {Zeitshr. anal. Chem. 
1871. 284); A. Wagner (Arch. Phai'7n. [2], cl. 235); Griiger (N. Jahrb. Bharm. 
xxxvi. 1; Jahresb.f. Cham. 1872, 877); of the Temporary Hardness: A. Warner 
(Bingl, pol. J. cci. 426 ; Chem. Sqc. J, [2], x. 23). 

For analyses of Sea Water, see Jahreah. f. Chem. 1870, 1380; 1871, 1222: of 
Lake and Bivor Water, t6u;. 1871, 1223; 1872, 1180: of Spring and Mineral 
Waters, t6k7. 1870,1382.1391 ; 1871, 1226-1233; 1872, 1181-1188. 

On tho composition of Drainage Water, see Voelckor Soc. J, [2], ix. 276- 


On the composition of Water for feeding Steam-Boilers, and the methods of Softening 
it, see J. Stingl (Bingl. pol. J. ccvi. 804; Jahrcsb.f, Chem. 1872, 970). 

WAntt-CUbASa. According to FUickiger (Arch. Bharm. [2], czliv. 97; 
Jitthresb. /. Chem. 1870, 305) the precipitate formed in solutions of water-gl^ by 
Tory soluble salts of potsish, soda, lithia, and ammonia, consists of silica. Heints, on 
tho other hand (Beut. Chem. Ges. Ber. iv. 104) finds t^t soda water-glass gives with 
strong aqueous ammonia a precipitate containing soda and silica in the ratio 
Na^O : 4SiO’. The precipitate formed by a strong solution of sodium nitrate has the 
composition Ha^SiO* + 8H^0. Water-glass behaves therefore with neutral salts of 
potassium and sodium just like soaps, excepting that the latter are precipitated by 
caustic potash, whereas in tlio water-glass solution the precipitate is produced only 
by ammonia. This circumstance may be made available for tbe preparation of per* 
fectly pure water-glass. 

On the use of Gaiee (p. 630) for the preparation of water-glass, see Scheurer* 
Kestner (Otmpt. rend. Ixxii. 767 ; Chem. Soc. J. [2}, ix. 763). 

WAVBAftXTA. This mineral occurs as a thin coating on the cleavage-faces of 
amblygonite (p. 972), forming small radiate s^lihrules, the needles of which ^ve 
the form of stiongly-striated prisms. An analysis by' Bsani gave : 


p , p*o» A1*0" HH) 

2*27 8i*30 38*26 26‘60 - 101*42 Sp. gr. « 2'33« 


(Dcs Cloizeanse, ClMNpf. lixt. 69^^ 

WAX. On the formation of Beos-wax, and the proportion of wax in Polles, see 
Doitiw (p. 1006). 

fifrois-toax,— J. SShig (Beat. Chem. dee. Ber, iii. 666) eonfims the observations of 
Hadrissewsk! Yenpeeting the ooettfrettee of wax in the straw of cereals (lei Suppl, 
1128), and od^ mt it is also contained in meadow wd riov^hav and in pea straw. 
In meadow afid^^ver hay be fbnhd 1*0 to 1*8 p.c, true fat* tog^ev with 0*4 to 0*8 
p c. waix ; lye^ ind abbttt 0*6 p.c. At, ana the same quantity of 

THis miaeriti faaa the^c^ 
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it is a farrn^no^ cUj vith nodules of limonite, flint, and isolated crystals of gypsum. 
The vebstente is of very variable constitudon, sometimes in the form of the finest 
trhite powder, appearing under tho microscope ns an aggregate of extremely fine 
crystals, sometimes in compact nodular masses resembling meerschaum (S. Foruovui, 

Jihrbuek. f. Mineraloffie, 


WXira.^ Pteaervation. — To preserve wine in good condition, Pasteur {BvU. Soe, 
Ckim. [2], iv. 80, 410) recommends that it be heated for some minutes in perfectly 
filled and tightly corked bottles, or in casks, to 60^-70° (perhaps even 45° would bo 
high enough^ in order to destroy the vitality of the cryptogamic germs, which are tlie 
cause of its deterioration. Wine thus heated is quite clear after cooling, undergoes 
no alteration in Colour, taste, or odour, aud keeps well even in lialf-llllod bottles. 

An appiiratus for carrying out this |>rocess on the large scale has been constructed 
by Qiret a. Vinas {DingL pol. J. cci. 650). It consists of two upright cylinders of 
tinned copper, one serving as a heating vessel, and tho other as a cooler, in which tho 
wine circulates through annular jackets of tho same height os the cylinders. Tlie 
wine first passes through the cooler, tk;|KD passes into the heating apparatus, where it 
traverses the annular jacket — which is warmed externally by water to 65°-60° — 
thence it passes into tho annular jacket of tho cooler, and finally leaves the apparatus. 
It is essential that tho wine be not heated above 60^, otherwise it acquires a boiled 
taste, and that tho apparatus be perfectly closed to prevent tho escape of any of the 
volatile odoriferous principles of the wine. 

A table of tho composition of German and other wines is given by G. Glassuor 
{Arch, Pharm. [2], cxlix. 117 ; Jahresb,/, Chem, 1872, 1043). 

AaaljMa of Wine* On tlie Spectroscopic examination of Wine, and its appli- 
caiiou to the detection of Adulteration, see Sorby {Quar, Jovs^ of Microtcopical 
Science^ 1869, 358; Jahrath.f. Chem. 031). 

^ On methods of distinguishing between Or^e and Fruit wines (m.ndo from 
apples, pears, gooseberries, currants, &c.), soe Zsitachr. anal. Chem. 1871, 231 ; 1872, 
837 ; Jahresh. 1871, 967 ; 1827, 036. 

On the Detection of the addition of Spirit to Wine (so-called galliaatioiC)^ see 
Schubert (ZeiVscAr. anal. Chem. 1870, 112; Jahresb, 1870, 1043). 

Batimaiion of Free Acid. — F. Schwackhofur {ZeUsekr. anal. Chem. 1872, 331) esti- 
mates the (quantity of free acid in red wine by mixing the wino with tincture of litmns, 
supersaturating with caustic baryta, and titrating biick with sulphuric acid. As tho 
point of , saturation is approached, every drop of sulphuric acid added produces a red 
Sone. For tho titration 10 c.c. of wine are used; 1 c.c. baryta-solution » 0'009852 
gram of tartaric add (eq. 75), and 1 c.c. sulphuric acid » 16 c.c. of baryta-solution. 

EatviuLtion of Cream of Tartar in Wine. — P. Carles recommends for this estimation, 
in place of the old method of indneration, which is not exact, tho process devised by 
Berthelot a. Fleuriou, which consists in precipitating the acid ttirtrate of pot^sium 
by adding to the wine an equal volume of a mixture of alcohol aud other, washing the 
cr^talline precipitate slightly with alcohol, redissolving it in water, and estimating 
the tartaric acid by titration with a standard alkaline solution {J, Pharm, ChUn. [4], 
xiv. 188; Chem. &c. J. [2], ix. 1211). 

Eatimation of Sugar' in Wine (Sclinbort, ZeUachr, anal. Chem, 1870, 112; JahraJf, 
f. Chem. 1870, 1037)- 


(Breitliaupt, Jahrb.f. MineraU^, 1872, 816). An amorous 
bluuk-black to velvet-black mineral from Oria near Matril in the Sierra AlnuihillAf 
Spain, also found on the Bothehbe^ near Saalfeld. Hardness a*3. 8 p. gr. ■■3'4)S2. 
An analysis by C. Winkler ga^ the values A, together witli potash and sodsi 
recognisi^le by tho spectrp^pe. Deducting Fi^O* and Si*0* os admixtifire s, an d 
zeckwng the nickel with the cobalt, we obtain tho values B, which Winkler Repre- 
sents by the 

6Cki>QV 34CO^ TOffO (0). 

«(«Oo0.S0W + 41^ + 3(2C*O.CO» + H«0) + 4(;KS«0 6^). 

tht '' y • ; *" mistnrt of niol^it^ 

cobidiAo kyds^, - The mineral may have 80 ^ 

ike 'aeSon ot caleaMM carbonic add on eobslt*blo(^ t'n 





. WINKWOBTHITE-.WOOi:i. 1?0? 

• ^^***'^®*^^*** (H. How, PAtf. Mag» (4], xli. 270). A mineral occuirinff 
» ccuoOTlesB tTanspaMt nodules, some as biff as a nut, in the gypsum of Winkworth, 
Hants County, Nova Scotm. The numbemin the two fdlowing analyses are inter- 
meduito between those required by the formula; 

llCaO, SiO^ 0SO», OB^O*, 20H*O, and llCaO, SiO*, 8SO*, 4B*0», 20H»Oi 
CaO 
31 06 
3114 


80* 

8iO* 

B*0»* 

’ H*0 


36-10 

3-31 

10-13 

18-80 « 

100 

31-61 

4-98 

14-37 

18-00 

100 


* Determined by loss. 




Konngott {Jahrh.f, Mineralogic, 1872, 300) shows by calculation that these forma- 
tions are mixtures of silico-borocalcite, 77‘87 p.c., and gypsum, 6776 p.c. 

,..!Jf™***®*®** According to J. Broughton {Pkarm. J. Trane, [3], ii, 

281) the ml of Andromeda Leschenaidtii consists of methyl-salicylic acid, and is nirly 
identical with Canadian wintergreen oil. 

WOOBanrxra. See Bauxitb (p. 12651' 

See Tantalatbs (p. 1146). 


W0XiS»A8T0BXTa. G. vom Rath (Jahreeb. f. Mineralogie, 1872, 217) de- 
scribes an outcast, from Monte Somma, consisting of a nucleus of compact limestone 
surrounded by a shell of wollastonite arranged in layers perpendicular to the circum- 
ference. Between tlie shell and the nucleus there is a zone of limestone not sharply 
defined on its inner surface, rich iu wollastonite fibres (58-49 p.c, wollastonite) whSet 
the central mass contiiins only 26*33 p.c. of silicate. There is hero abundant evidence 
of n metamorphosft, proceeding from without inwards, of carbonate intq silicate. An 
analysis of the wollastonite (sp. gr. = 2-863) gave : 

fflo- AlW (M MgO 

61'31 1*37 46-66 073 0*76 - 90’82. 


WOOD. 

1101). 


On Uio Distillation of Wood, see Watson Smith {Chem, Soc, J, [2], ix 


WOOD. On tho Action of Alkalis upon Wool, see LANUoimc Acid (p. 723), 
and Shbicic Acid (p. 1080). 

A method of distinguisliing between wool and silk, founded on the presence of 
sulphur in wool, is given by E, Kopp {Mouitettr SciefUiJiqne, [3], i. 683). The (w'faite) 
eainple to be tested for wool is immersed in a solution of lead oxide in potash-ley, 
whereupon, if wool is present, black lead sulphide will be produced. See further, 
Dingl, poL J, ccv. 663 ; Ckcm. JVetes, xxvi. 109. 

On the Composition of Sheep's Wool, and on tho Extraction of Fat-acids together 
with Wool-grease from the Soap-waters of Wool-wash iiig, see Marker a. Schulze 
(t/i pr. CAeMt,«ev)ii. 193,* Jahrt^^f. Chm, 1870, 811; Dingl, poL J, cxcv. 173; 
cxcvi. 671 ; Mneb,/, Chem, 1869, 811 ; 1870, 1232). 

The pmess of washing and dyeing wool, devised by Eiisom a. Spence, is described 
by 0. Boil6 pol. J, cci. 436 ; Jahreeb. 1871, 1104). 

On llyeing Woollen Oloih with Amaranth-colour, see Ffondbeller (DingL cci. 179; 
Jahreeh, 1871, 1100} ; with Scarlet, B. Jegel {Dingl, cciii. 422 ; Jahrm, 1872, 1072). 

Wool-greoHi’^OTL the Composition of tho Grme (sata^) from Sheep's Wool, seo 
CuoTjiSTiuinr (p. 880). W. 

TliesubsUnco there. mentioned as separating in iwrhi to fiocSs from solution in alcohol 
has since beiSn shown by Schulso to be an isomeride of cbolesterin {J. pr. Chm. [2], 
vu. 163 ; Ohm. 8oo.J. [2], x5. 1219). 

WDDMCWOdD dX&i On the Index of Beficaeliok of this see Light (p. 
740).-. ; . 

TlfiriiriMflrii On GhTomo^Vulfsnitei, |mI 4 Si^i^ (JVsc, J%. i^. 1871i 





X 


XAimUMn!a> Pient/l-mntkamide, 0, ii fotmed, togetW 

vith xanthio acid and free sulphur^ by the action of aniline on othyldisulphocarbonic 
sulphide (v. 499} : 

l£7jo«. , t'gjs . s . «-»jcsK> * 

;A portion of the xanthie acid is furtlier acted upon by the excess of aniline present, 
foTioing diphenylsnlphocarbaxnide : 

®*^|cs«0 + 2(C*H‘)H«1I 2 ((yH*)*|N + C*H*OH + H»3. 

H* j 

Phenyl-xanthamide forms triclinic crystals, more soluble in alcohol than sulpho- 
carbamide (A. W. Hofnlann, Dent, Chem, Ges, Ber. iii. 172). 

SUarTBlsriBa This substance has been found by G. Lebon {Compt, rend. Ixxiii. 
47) in a urinary calculus consisting of a superficial layer 1 mni. thick of calcium phos- 
phate mixed irith ammonium-magnesium phosphate, an equally thin layer of calcium 
t>3m1ate, and a nucleus, forming the greater part of the stone, consisting of xanthine 
with a small quantity of calcium urate. , 


aLAJVTBOCOBAXiT COWOVirBB. See Cobalt (p. 364). 

XAM THOPKTX&XTB. In the xanthophyllite of the Schischimskian mountains 
near Slatoust, Jeremejow has obserTed microscopic diamonds of varying size 
irregularly distributed through the plates of the mineral (Jahresh. f Mineralogies 1871, 
31 ^ ; Chem. Soc. J, [2], ix. 667). In connection with these observations Jeremejow 
has collated some of tho older statements regarding xanthophyllite, from which it 
appears that this mineral occurs not only of yellow shades, but also colourless, 
brownish, light grey and yellowish green. Hardness « 6. Sp. gr. ■■ 3‘036 — 3*062. 
.Optically uniaxial. 

A. Knop ^Jahresh, f. Mineralogies 1872, 785) hns published several analyses of 
xanthophyllite by G. Wanner (a), 0. Schilfc^ccker (5), and himself (c.‘ and d). 
On account of tho great variations in the amount of water (two other specimens gave 
'2*33 and 3*83 p.c.), Knop regards it as unessential, and assigns to xanthophyllite the 
formula 2(B0Si0*} + 3(K0,E*0*), 


fiiO* 

A1»0» 

Pe*0» 

CaO 

MgO 

H>0 

17*42 

44*18 

3*63 

11*96 

20*61 

2*61 - 

17*7 

48*6 

2*9 

11*6 

20*9 

2*6 » 

16*38 

nndet. 

8*00 

11*49 

undet. 

1*86 

16*04 

•I 

2*10 

11*60 ' 

ft 

2*08 


9^1 


a C*H\CH*)*. On the Xylenes and Oumenes of Coal-tar, sea 

.OuvaNK (p. 402). 

Ortho xplene \n produced by heating liqpid bzomotoluene, dissolved in {lire 
bensene, with methyl Iodide and sodium. The product, purified by fractional distiU^ 
Hon, boils at 141^-148^ (the column of mercury being wholly in the vapour), has.; is 
ihiht and agreeable aromatic odour, and 'does not solidify at -^22^ By oahiation 
with dilute nitric acid, it yields parutoluic acid (m.p. 176^) and oxth6toluieaeid (m;p; 
104^-105^), in the. proportion of about 1 to 8» With fuming nitric acid either in ths 
wld or at foiling heat. It yields only liquid eompounds, from which aft^fotne 
a few crystals separate (Ja^osch a. Hiibner, ZeUachri f,. Chdm [2], vil. 706L). 

httriiuK commerdu^.i^ mixture of jsoayleQe sind i me 

>) irith dldutt sMfe acMi the methyl^toluene being therehy 
. . . . , From this Ssoayleue, 


thelfo^lsue 
tUiridadimm m m 


irhidii^fiei 
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McnochloroxyUne, ot Xylyl CUoridB, C«H^{c]^Cl » ^ 

&AAO* •'i on coal-tar xylene. When heated with water to 

ZOO in sealed t^i, it splits up into dimethyl-anthracono, C«H“ » C»H»(CJi*)*, 
J^lyl-i^lonef « C*1£^C*II*), and hydrochloric acid : ^ 


dCH^Ol « 4HC1 + CWH” + C**H**. 

See AzfTBiiacBNB (p. 84). 

Dichloroxylene, or Xylylene Chloride, C»H«C1* - 0«H^ | (called toUy^ 

loM chloride by Grimniix), is produced by the action of chlorine at 140° on metbyl- 
tolueno (paraxylene), (Grimaux, Gompt rendAjoi, 1363). It may also bo obtained 
by the action of chlorine on commercial xylene .at tlie boiling hoat» though less advnn- 
c®nM>iercial xylene contains but a small .proportion of metliyl-toluene 

^chloroxylene oxidised by chromic acid mixture is converted into torephthalic 
acid. Heated with water to 170°-180° itfls resolved into hydrochloric acid and 
dihydroxyl-xylene or xylylene glycol, C"IP(OH)*, Heated with eodium 
osetate, it yields the monoacotate and diacetate of xylylene, and with eodium benzoate, 
the monobenzoato of xylylene. 

Dihropioxylene or Xylylene Bromide, O^H^Br® » C«n^(OTBr)*, is prepared 
by dropping into boiling methyl-toluene 2^ times its volume of bromine, washing the 
cooled moss with etlier, and recry stullising from alcohol. It is also formed by 
distilling xylylene glycol with hydrobromic acid. It dissolves sparingly in ether, 
easily in chloroform, and crystallisos therefrom in rhombic laminse which melt at 
346°-147®. 


Di-iodoxyl cne, eaXylylene Iodide, C*H*(Cn*I)®, is obtained by boiling xylylene 
glycol for a few minutes with strong hydriodic acid (b. p. 127°). It forms slender 
needles, slightly soluble in ether, ^ily soluble in boiling alcohol and in chloroform. 
It quickly turns yellow when exposed to the air, melts and becomes coloured at about 
170°, and decomposes at a higher temperature. 

BihydroxyUxylene, or -glycol, Oil* is prepared by heating 

tlie chlorine or broniino compound with 30 times its weight of water to 170°-180°a 
concentrating the aqueous solution, neutralising with alkaline carbonate, and extracting 
the glycol with other. It ciystiiJIises from ether in shining needles, dissolves easily 
in water, alcohol and ether ; melts at 112°-113°. With chlorine, bromine, or iodine, it 
yields tlis chloride, bromide, or iodide of xylylene. By sulphuric add and potassium 
dichromato it is oxidised to terephthalic amd. 

Condensed Glyeple appear to bo formed by heating xylylene chloride or bromide 
with water to 200°. They are yellow masses insoluble in all menstrua. 

Monpbensoxy-xyleneit(sXylyUnemonohonsoate,C^B}}^^,^^Q , obtained by 

heating the diehlorido with an alcoholic solution of sodium benzoate, forms long thin 
needles which melt at 73°-74°, and dissolve readily in alcohol and in ether. 

Biaeetoxy-xylene, cx Xf^lytene diacetate, C*H*(OC*H’0)^, obtained by heating 
the dichlorioo with alcoholic sodium acetate to 150°, crystallises in hard, shining 
lamiM, having a hot catnphorous taste, easily poluble in alcohol and ether. By dis- 
tillation it appears to yield the monoacotate (Grimaux). 


Cra'W - CJEPNH* - Hofmann a. Martins 

{peuh Ckem €hs,'‘ Ber, Si. 411) have obtained fkom commerciul aniline oil, by freer 
tional distillation, a xylidine boiling constantly at 212°. This xylidine does not yield 
colouri^ matters by Midotion,* either alone or when mixed with toluidine, but when 
mixed vnth pure aniline it yields by the oz^ary treatment a colouring matter ze- 
setnbli^.^rewniline (Hofhianni iAtd 

By tixti^ting synthetically prepared ethylbensene, and reducing the nitre-compound 
^ith tin and hyAochloric acid, a ;t 2 ^idine was obtained, likewise boiling at 212°. bnt 
neverlhriissS hbt identical with tho xylidine above mentioned :^i^ smells like aoiline 
>luWeiand it does not yield colouring matters 
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0-086 at 18*6®, and boiling 216®; 100 pte» water at 18® dissolve 8*819 pts. of it. 
The oxcXaiB crystallises wdl and dissolves to the amount of 3*846 pts. in ICO pts. 
water at 21*5®. The aovt^^derivatim ci^afcallisos in needles and melts at 128®. 

The crude zylidine, when distilled, yielded between 235® and 245®, a solid body 
melting at'SO®, which gave with hydcoichloric acid a compound having the composition 
(C*H»C1)»N.HC1 (Tiiwildarow). . 

Bromoaylidinef 0*H*Br,NH*, is formed from acetobromozylide, 
C*H*Br.NH(C*H*0) Suppl, 1181), by distillation with soda-ley. Should it be 
contaminated with dibromozylidine, it must be dissolved in hydrochloric ncid, , the, 
Boludon evaporated to dryness, tlie monobromozylidino hydrochloride dissolved out by 
hot water, and the free base precipitated bj* ammonia. Bromoxylidino is insoluble in 
rold, and but slightly mluble iu hot water. It dissolves easily lu alcohol and other, 
and crystallises ^m dilute al^hol in white microscopic needles molting at 96®-97®. 
The hydrochloride forms white needles;. its aqueous solution forms with platinic 
chloride a light yellow ciystalline precipitate (Qenz, Deut. Chem. Gee, Ber, iii. 225). 

Aeetodihromoxylide is formed by agitating acetoxylide with the calculated quantity of 
bromine-water. It is insoluble in water^nd crystallises from alcohol in white shining 
ciyst-ils (Genz). 

JHbromoxi/lidine^ C"H'Br®.NH®, produced by distilling aceto-dibromoxylido with 
potash-fey, crystallises from alcohol in needles. Its hydrochlorido gives off hydro- 
chloric acid when boiled with water (Genz)^ 

PhenyLxylidine^ C"H*NH(C*II^), is produced by heating zylidine with aniline 
hydrochlorido. It melts at 82®, Iwils at 278®-282° under a p^ssure of 485 mm. and 
at 173® under 1 5 mm. Soluble In alcohol, ether, benzene, and light petroleum oil. The 
hydrochloride is best obtained by passing hydrochloric acid gas into a solution of the 
base in benzeno (Girard a. Vogt, Bull, Soc, Chim. [2] xviii. 67). 

^ Tdylxylidine, C"H*.N‘H(C^ir), crystallises fron? alcoholic solution in long, white, 
silky, light needles melting at 70®. It boils at 194® in a vacuum, and at 298®^800® 
under a pressure of 487 mm. (Girard a* Vogt). 

pixylidine^ (C*!!*)^!!^, obtaiuod by heating zylidine with its hydrochloride, is a 
mixture of isomeric bcriics, one of which is liquid, while the other is ciystalliuo and 
melts at 162® (Girard a. Vogt). 

, NapJithylxylidine, C®II".NII(C*W), obtained by heating z}*Hdiiie hydrochloride 
with naphthylamine, is a thick liquid quickly turning brown and boiling at 243®>245® 
under a pressure of 15 mm. (Girard a. Vogt). 

xnn-oAMAMxofl, or xnn-ntaAi N’H*(C0}C*H» is produced on 
mixing a solution of zylidine sulphate with potassium cyanate. After washing with 
warm water and rcciystallisatiou from alcohol, it forms white needles melting at 166® 
(Genz). 

N*H*(CO)(0*H’‘)®, formed by beating urea with throe times 
its weight of zylidine, is insoluble in Water, slightly soluble iff boiling alcohol, ether 
benzene, chloroform, and acetic odd, and crystallises from hot alcohol in nuow*whiU 
felted needles, which do not molt at 250® (Genz). 

XnrX^CAMMnmWk or XTftVlb MOCTAX N((X)nC®H*}. Bee 
CIY4U10 Ethirs (p. 407). 

Ann-OVAariDtirll (m-), fbmed by the action of 

cyanogen chloride on zylidi ho, forme la^e white ^tee l^rlogly soluble in crid, 
more easily in hot water, very soluble In alcohol nnd ether. Its Mtih^kforido hiw 
the composition 2[C{C*H*l^W.HClJ;SSi^\ A base having the same comuoritlM is 
fohned by the mutual action of sulphowbbzylide, alcoholic ammonia, ahd lead 
(Genz). ,.■■■*■ . 

aeraT&Mni AXiOOBOIi and BMISM; $ee Xtxjaini (p. I209)b f 
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TBABT. Seo Feruentatioit (p. 616). 


nTMXm and BRBZVMC (Cleve a. Hoeglund, SuU, Soc. Chim. [2], xviii. 198, 
289). Tho oxides of these metals were preptir^ from gadolinite and separated from 
one another hy the method of Bahr a. Bunsen (v. 721). 

The atomic -weights of tho metals, determined by the analysis of the sulphates, are 
y « 69-7 ; Er = 113*7. Bahr a. Bunsen found Y = 61*7 ; Kr « 112‘6. 

An attempt to prepare the metals by electrolysing tho fused chlorides, or by reducing 
the chlorides by sodium, was only partially ^ccessful. 

Yttrium Suita. These salts saa colourless; their solutions do not give an 
absorption-spoctrura, and they are, as a rule, less soluble than the corresponding salts 
of erbium. Both yttrium and erbium salts are precipitated by barium carbonate. 
Tho hvdraie of yiiTium is a white, gelatinous precipitate, obtained by the addition of 
a iixoa alkali to a salt of yttrium. When calcined at a white heat, it is couvertod into 
yttrium oxitle, a yellowish-white powder, Tery readily soluble in acids, even after 
ignition. 

Yttrium Cktoride^ YO!^ + 4H*0, forms deliquescent prisms soluble in alcohol, in- 
soluble in ctlicr. Wicn heated it loses hydrochloric acid, but the anhydrous chloride 
can bo prepared by fusing together a mixture of hydrated chloride and sal-ammoniac. 

The bromide^ YBri* + 6H^O, and the iodide closely resemble the chloride in appear- 
ance and solubility. The iodide is unstable, and rapidly becomes brown when exposed 
to the air. 

Flmrid/5, YF*. — Heavy, white, hygroscopic powder, but slightly soluble in dilute 
acids. 


' NitraU^ Y(NO*)* + 4H*0. — Occurs in large colourless crystals, easily soluble in 
water, alcohol, and ether. . It is unalterable in tho air, but loses 2 mols. of water when 
dried at 100°. 

YfClO*)* + 6H*0. — The crystals'of this salt are small colourless prisms, 
exce^ingly deliquescent, soluble in alcohol, but very slightly so in ether. 

Perchlorate^ YfClO') + 6H*0 (?). — ^Transparent crystals, very deliquescent, slightly 
soluble in alcohol. 

■ Bromate^ YfBrQ*)* + 6H*0. — CJolourless needles, very soluble in water, slightly 
ijoluble in olcMol, almost insoluble in ether. It decomposes at 100°-110°. Tho 
iodate is a very definite salt, but not crystalline. 

i -Two periodates are formed, according as the periodic add enrolled in 

Ihoir preparation is in exceiw or not.. The salt marked (a) is the most definite : 

(a) ypO" + 84H*0. {h) + 61PO (?), 

Sdphate, SYSO* + 8HK).--Small transparent crystals, which lose their water of 
.’rystallisation aV 116®. 100 pts. of water at 16*6° dissolve 9*3 pts. of crystallised, 
And 16*2 pts. of anhydrous sulphate ; but on raising tlie temperature of the latter 
Motion, a portion of ^o erystrilised salt is deposited. 

i^(C|NS)* + 4H*0.— Wdl%fined prisms, soluble in water, alcohol, 
ind oUier, and pmnnaaent in the air. 

PtaUnoeoesanide^ Y(GN)*Pt + 7liK).'-^Idke inany platinosocyanides this salt crystal* 
iises in larM, well-defiaM, dJchioic civstids, red by transmitted light nnd green or 
riolet-blue by zefled^ light It is eawly sdlnble in water, but alcohol deprives it of 
> portion of Its water of Ciysta|]:iiati^ ui^ <^^^ its fcolour to a‘ lemon-yellow. 

yttrium knd thkuidum ^|liON.Fe"» + 4H*0. 
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The stUphiU, YSO* + H^Oi » also a definite salt, cxystallising in microscopic 
needles, lb al^orba oxygen rapidly fh>m the air. 

Senate, YSeO* + 3H^O (?) — ^Lar^ well-doTolqped crystals, very soluble, and losing 
a portion ii water of crystallisation in dry air. 

SdlmUe, Y*H*(SeO”)|.— This salt occurs either as a white crystalline powder, or in 
the form of flattened microscc^ic prisms, according to the manner in whidi it has been 
prepared. It is soluble in mineral acids. 

Phosphates , — ^The metapho^hate, Y(PO*)*, is a heavy crystalline powder insoluble 
in water and acids. The pprophoaphatc^ + 7H>0, is a soluble salt; the 

orthophosphate, Y\PO*y + 4H*0, is very sparingly soluble. 

Carhonate, YCO* + H®0.-^Heavy white powder, indistinctly crystalline, and per- 
fectly insoluble in water. 

Acetate, 2Y(Ci*H’0*)^ + 6H^O. — Crystallises from its solution in colourless rhom- 
bohedrons, xery soluble in warm water, but very sparingly in cold. It is permanent 
in the air. 

Oxalate, YC^O* + H*0. — ^White crystalline powder, readily soluble in water 
acidulated with hydrochloric acid. It dissolves easily in concentrated solutions of 
potassium oxalate, forming the double salts, Y*K*.(CrO*y + 12H-0 and 
Y«K*.(C*O0‘ + H*0. 

PouUs Carbonates, Y*Na*(CO*)* + 4H*0 and Y*(NH*)\CO*)' + 3H*0. 

Succinate, yC^H*0« + xH*0 (?). 

Tartrate, Y»H*(C*H*0*)* + 6H*0. — White crystalline precipitate, very slightly 
soluble in' water. 

arbittm Baits. These salts resemble those of yttrium in most of their pro- 
perties. The only^ well-marked distinctive characteristics arc the following. 

The salts of erbium have a beautiful rose colour, and their solutions give absorption- 
bands. The appewnce of their spectrum is quite different from that of didymium- 
salts. Erbium oxide dissolves with great difficulty, even in dbneentratea acids. 
A solution of ammonium oxalate dissolves only traces of yttrium oxalate, but erbium 
oxalate dissolves in it with great readiness, forming a well-defined ciystoUisable 
double salt. 


Chloride • 

Bromide • 

Sidphocyanato 
Chlorate . 
lodate 
Sulphate . 

Selenite 
Pyrophosphate 
Acetate • 

Succinate . 

Double potassium sulphate 
„ potassium oxalate 
„ ammonium oxalate 
Plttoride . 

Ferroc^anide • . 

Nitrate • 

Bromate . 

Periodate . 

Sulphite • • • 

Oxthophoephate 

Garbonhte . « 

Oxalate « ‘ . • 

Platino^anide 

Since moat of the ardta 
ifystaUiaation ae 
phiiloa ate isQmmhouH 
mmtlm ttnan^ . 

not 


Erbium 

• fc 


Salta, 




. ErCl* 4- 4H*0 
. h>Br* + H»0 
. Er(CNS)* + 4H*0 
. Er(ClO*)> + 6H*0'(?) 

. Er(IO»)* + 2H»0 
^ . (EpSO*)« + 8H»0 
. Er»H»(SeO*y + 8H»0 
. Er*H*«»*O0* + 7H»0 
. Ei(C*H»0*)* + SH*0 
. (JSrC*H«07 + 3H*0 
. ErK*(S 07 
. &»K»(C »07 + 12H»0 
. EigSfH*y((FO«)* + 6H»a 

i + .ri«0 

. Ei(NW + 4H«Q 
. XMBrO^)* + 6H>0 ' 

. bAh)» + 3H*6 
. BiSO* + HW 
V + 8H*& 

. + 3^ 

' Wo* ♦ iwo 

. ErtdNjTt + TH*a. 
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■eriei^ + 6E*0i In addition to this, yttrium and orbium enter into 

nnin^ns combinations vith a triple atomic weight, which would seem to imply that 
they ate triTBlont elements. The question cannot as yet be settled by the specific heat 
of the metals, as they have not been obtained in the pure state. 

ITTT&OCBBITB. The composition of this mineral, according to two analyses, 
by Rammelsbeig (Tkut, Chem, Ges, Ber, iii. 667)) is : 

CaO CeH)‘ YO SrftjS 

47-27 9*36 14*87 262 3*363 

49*32 16*14 undeterm- undeterm- 
ined ined 

Brom these numbers (with the atomic weights Ce « 92 ; Y a* 64) Bammelsboig 
deduces the formula 2(CeF».2YF».0Cab^) + 3H*0. 

The ceroso-ceric oxide contained nearly half its weight of lanthanum and didymium 
oxides, and the substance designated by YO contained 30 p.c. of a base precipitable 
by barium carbonate and 70 p.c. of a ba£» not Urns precipitable. 

TmOVAVTAUTBi See Taittaiatbs (p. 1146). 


z 


See Ubanio Arsenates (p. 1190). 

wsv. MonA W^htt rfliion.— Pure zinc may be prepared by the elec- 

tiolysis of an ammoniacal solution of zinc sulphate, a zinc pinto being used as the 
positive, and a T-shaped copper wire as tho negative electrode. On passing the current 
of two Bunsen’s elements through the liquid, crystals of zinc form at the ends of the 
T ; they may be removed with a pair of forceps, and washed with dilute ammonia 
(J. Myers, VompU rend. Ixxiv. 196). 

On tho HmU ^ Oxidation of Zinc, see Heat (p. 617). 

On the action of ffinc on NUrie acid and on mixtures of this acid with HydtochMxto 
ana AcfeAnria aw*, the ultimato woduota of which are A^onia and 
Nitrate w Chloride of Zinc, eoe H. Sainto-Claure Doville (Cbwpf. rmO. Izx. 20, OOO ; 
ItToW./. Ca«M. 1870, 20). ; 

: On the action of Zinc on ««. «oo Soirarn-Acins (p. list). 

1 BWf wi'^ of a«e.— J. H. Talinrit (CSWm,. iftlw, mu. 220) ^pitatoa tho lino 
&om a hot neutral or nearly neutral sdutioB^lih Jtrfpht* ef or owmonuiw, 

avoiding the noe of a ^t excess. The pSteitete then becomes very draoe, espe- 

dally tSter farther boiling. «nd ““1*® A**®' 

is iimited with firee access of air, in a porcelain crucible, first gently, and afte^ai^ 
very stron^y, whereby, especially on atloition of a four lumps of ammonium carbonate, 

of zinc by solution of sodium sulphide, A. Deus 
867; JaAfteb f CAm. 1870, 1002) 

kte indicator of the termination of the reaction, paper saturated with epbeMcU^, 
On moistening this paper with the zinc solution, before the titration is rempleto, a 
white circle mformeoT^e blue on the circumference ; but if toe 
todinm sulphide k prJSt, a ^ 

tho rhub uoinm ss the paper ha* abeorW the drop. The teat japw m prra^ 
igr lataodng ateip* of Ater-pi^ **«^**“ nn * 

aolnUon ofSWtchlMsite coattaningOM^. CtoO in lOO e.*. . 

TTiiDMnvmm Nmnn zxiv. 148) estimates zinc by treating the solntaonmto 

louNonfo «U the wedptote ’first fbnned is redissolved, then ^ding hydiwhlwc amd 
io add reaction, rad precipitating with ordbarv todwmvhoi/pliaU. A 
apitite of zinc phosrfiato is thereby wdneed, which qw^y settles down 
ng^A shwS sSiSdmav b eiily filtered And washedp After drying at 10^9 it 
lu formula At si tod, heat it is converted 

buls aa rii^umtim ik attapdoi with iOBe hrit of Biao,]t ut bette tpoalraU^ 

on.additio».«f 
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ilbdium phosphate, bnt it is best to add at uaee a quantity of the reagent enftdent to 
produoe a slight alk^ina roaetion, and then to leave the liquid in a warm place f(»; 
10-12 hoins. It must also be observed that the precipitated zinc phosphidie is not 
quite insoluble in water, and is apt to stick to the sides of the vessel. In estimating 
zinc by . this method, it is neoessa^ to ensure the absence of cobalt, nickel* manganese, 
caldum, and magnesium, audit is advisable to test the purity the precipitate by a 
'qualitative examination. 

Oh tlie Estimation of Zinc in Blende, see A. Julien (OAsm. News, xxy. .16 ; JaAresb, 
f. Chtm. 1872. 911). 

On the Separation of 22nc from Lead, see p. 726 of this volume ; from N ickel, p. 
849. 

Uao XodldOiZnl*. Com^unds of this iodide with aniline and toluidine are 
obtained by mixing the two bodies in alcoholic solution. The compounds, 
2C*H'N.ZnP and 20^H*N.Znl* are both soluble in alcohol and crystallise in needles 
(H. Vohl, Arch. Pharm. [2], cxlviii. 201). 

OnldOf ZnO. On the effect of Calcination on the Heat evolved in the solution of 
this oxide in acids, see Higat (p. 617). 

On the Change of Colour p^ucod in Zinc Oxide by Heat, see LioitT (p. 747). 

noaplilde. A zinc phosphide, probably having the composition ZnHP, is formed 
by passing phorahine gns into n well-cooled ethereal solution of zinc-cthyl (Orechsel 
A. ^nkelstein, idtsohr.f. Chem. [2], vii. 376). On the formation of Organic Phos- 
phines by the action of this compound on Iodide of Ethyl, &c., see PHuspitwas (p. 
961). 

Snlptalda, ZnS. According to A. Wagner {Lingt. pol. J. cxcvii. 334) the forma- 
tion of this compound by passing hydrogen sulphide over air-dried zinc hydrate takes 
place very slowly. AVbon the sulphide thus formed is exposed to tho air, it continues 
to give off hydrogen sulphide, and reproduces zinc oxido even after tliree months, this 
result being due, not to ttie action of carbonic oxide, which, according to Wagner, does 
not decompose sulphide of zinc, but to a reaction of the zinc sulphide with water. 

On the crystalline form of native Zinc Sulphide (blende), see Sadebeck {Jahrb. J, 
Minertdogie, 1870, 224; 1872, 644; Jahre^. / Chem. 1869, 1104; 1872, 1093); and 
Klein {Jahresb. 1871. 1126; 1872, 1093). 

^nc blonde is decomposed by iodUie only at high temperatures, best at 200° ; in 
presence of water a small quantiw of ^sulphate is formed (Filhol a. Helhios, Ann, 
Chim. Phgs. [4], xxii. 58) ; also v. l^saiUx (Jahresb. f. Chem. 1870, 1272). 

On the. Boasting of Argentiferous Blendes, see Simonet (Ann, Min, [6], zvif, 27; 
Jahresb, 1870, 1085). 


' Xiaro-OlUUnr* Oreen pigments are obtained by mixing zinc oxide with cobdt 
sulphate, boiling with water, drying, and heating the residue to redness. 5 pts. zinc 
oxide and 1 pt. cobalt sulphate yield a darit gr^n ; 10 pts. sine oxide and 1 pt 
cobalt sulphate a grass-green, the odour becomfng still lighter when the quantity of 
zinc oxide is again donbled. The latter colour may be used as a substitute for 
Sehweinfnrt green, and as a ccstting for ’pleister. 


UirOdiVAm. A massive zinc-spar fTom Baibl in Carinthia was found by E. 
Ludwig (itfta. A 1871* 55) to contain : 

CO" BIO* ZnO pe*0* JPO 

31*32 0-27 ' 69*69 7*42 U4 « 1000*04 


- A greyish indistini^ schistose mass £rem Ain Safti^ )p;briaced 

Constantineb Algeria, is regarded by FL^dot (Ann, Min, [6], a^, 60)ai a8 aigil* 
lacediji variety of iion-sinc-spar. Analysis gave: 


ZnOO* 
48 06 


PeCO* 

28*60 


liiiCO* 

5*10 


IJsOO* 

206 


11^ 

2*10 


WMOir. This minexal is found ia the hyperstbe^ of Ule Rato 
Btotuiff, In ym small crystals of the oambitoipa e»F.B;8F8* of a wrlilf 
white eouAir, and strong atoumtine : is 

most part in Ubtad«nite^ resembles resto 

9 in the gbid sm ol Cdumbia, aro apaiidyr Av tbs gda^r^ 


rendeni it 
the Barts zpeik(€ 
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aid* 

ZrO* 

' 83*90 
64*80 

88*87 

64*26 

204 

32*58 

64*06 

2*86 

33*05 

66*71 

trace 

88*86 

64*25 

1*08' 

33*61 

64*40 

0*90 

33*81 

66*32 

trace 


08*70 

, 90*16 ^ 

99*43 

; B9-r8 

09*10 

98*01 

100*13 


A. H. Church {Chem, Kews, xxili. 7S) doscribes zircons (hyacinths) from Mudjoo in 
New South Wales. Sp. gp. » 4*704; after ignition, attended with decoloriLtion, 
4'699. 

The remarkable black bands in the imectra of certain zircons, now known to bo duo 
to the preseneo of certain compounds of zirconia with uranic oxide (li^ Suppl. 1135), 
were first observed by Church in 1866 (Chem, News, xix. 121). 

SlRCOlfEA, ZrO*. B, Franz (Deut. Chem. Gee. Ber. iii. 58) prepares this earth 
: by fusing zircon with acid potassium sulphate, and lixiviating the pulverised melt with 
; boiling water acidulated with sulphuric acid, whereby the basic sulphate, 3 ZpO®.SO“, 

, Is obtained as insoluble residue. ^ This salt is added by small portions to melting 
i sodium bydmte ; the melt is lixiviated with cold water ; and tho undissolved zirconia, 

! still contaniinated with soda, is dissolved in hot strong sulphurio acid, filtered and 
I precipitated by ammonia. 

Zirconia crystallises from fused phoephome salt in combinations of tho quadratic 
' system, oeP.oP, veiy much like cubes. From fused borax^ zirconia crystallises in 
raCier large well-defined, transparent, colourless, many-faced crystals, formed of a ' 
primary prism, a i>inaeoid parallel to the principal axis, and two domes. The dome 
normal to the vertical pinacoid forms an angle of 90®. A brilliant coloured polarisa- 
tion is seen in tho direction normal to the pinacoid. Sp. gr. « 5*42 (Knop, Ann. Ch, 
Pharm. clvii. 363; Jahreeb. 1871, 322 ; Chem. Soc. J, [2], ix. 804). 

_ SlRCOIflUBK. ^ .Metallic zirconium prepared by Troost*s process from the pure 
zirconia above described, exhibited the properties mentioned in vol. v. p. 1080. 

On the Detection and Estimation of Zirconium in Tantalatos and Niobates, see 
Bammelsberg (CAnn. 3oo. J. [2], x. 195). 

Xirooiiliiiai Broinld«t ZrBr*, may be prepared by mixing zirconia with excess of 
pure sugar-charcoiil, forming the mixture into balls with starch-paste, drying them, 
and heating them to bright redness in a current of carbon dioxide and bromino- 
Viipour. It is a white powder, which appears crystalline under the microscope, vcila- 
tillMS eosUy at the heat of a gas-burner, aud is not reduced to a lower bromide by 
' ignition in a stream of l^rogon. In contact with water (or moist air) it is converted 
into the oxybromide, ZrBr^O, which separates from aqueous solution in fine trans- 
parent, noemo-shaped crystals (Mellisa, Zeitschr.f, Chem. [2], y 1 . 196). 

UreoBtttm Oblorldet ZrCl\ is formed by tho action of silicium chloride in the 
form of vapour on zirconia (Troosta. Hiautefouille, Compt. rend. Ixxv. 1810). 

The tayoldondet ZrOCl*, obtained by Hermann (v. 1080), crystallises, according to 
Mdliis; not with 0H*O, but with 

; Oompowide of Xlreonliim witti AHuBtaiom aad BlUcon.. 1. When 1 pt. 
!of pulverised zircon is heated to whiteness with 5 pts* of cryolite powder, 1 pt. of 
aluminium, and 10 ^ts, of a mixture of the chloridos of potassium aud sodium, an 
aluminium regulus is obtained, which, when treated with dilute hydrochloric acid, 
yields, togeiher with finely-divided crystalline and darker-coloured silicon, laminar 
and jff^rtipnally laige crystals, which may be separeted from tho silicon by elntzia- 
tion. ' These crystals have the composition ZrAl*, oTi if the silicon (6*72 p,e.}'f0nnd 
in the||f hydiQchldrip acid solution bie regarded as a third constithent, they nmy bC re- 
proseqM by the iteinula Zr*Al*Si. 

Wheh rireon is ihsed with sodium carbonate, and the fused mass is oxhsusted with 
bet water, ii iemdtie is obtained consisting of the compound 8ZrO*.SiO*.NaK) 4- 11H*0. 
Potasiiitm ^^thdoate yields^ manner the compbund ZrO^H*0.2SiO*, or 

CAein. [2], vi. 296).^ 

A hy^Mite of alumina from Zirl in the Tyrol (Pichler,«7iEAr6./. Jtfiii.: 


BUD OF ^ mmji SUPPDBMKNT. 








